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An innovative sequential step of detecting new medicines or drugs
dependent on the information of a target is called drug design. The
drug is a small molecule that alters the capacity of a bimolecular,
example, protein, receptor or catalyst that leads to restorative incentive
for patients. Designing of drug by computational method helped steady
use of computational science to find, improve and study drugs as
well as biologically related active molecules. The displaying examines
like the structure-based plan; ligand-based drugs structure; database
looking and restricting partiality dependent on the information of a
biological target. In this article, we present the zones where CADD
(computer aided drug design) devices uphold the medication disclosure
measure.
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INTRODUCTION

A drug candidate is distinguished and somewhat approved
for the cure and treatment of a particular disease and this process
followed for drug acceptance is called computer aided drug
design (CADD). CADD supported medication configuration
is an order that gathers numerous compound atomic and quantum
techniques aiming to find the structure and creating helpful
synthetic operators. Computational methodologies in unvarying
plan, disclosure and improvement measure increasing extremely
fast investigation, usage and esteem. Presenting another medi-
cation in a market is an extremely unpredictable, unsafe and
exorbitant cycle as far as time, cash and labor is considered.
For the most part, it is discovered that drug disclosure and
improvement needs 10-14 years and beyond 1 billion dollars
of money altogether. Many drugs, which show good results in
laboratory level, but are ineffective on large-scale production
due to instability, side effects, toxic or maybe they have a poor
therapeutic effect. On a large scale, these results are found when
trials are conducted on animals or human volunteers. Computer
aided drug design helps a lot, as it is low cost and speeds entire
process. The drug design can filter loads of molecules and
distinguish the interior structure, utilitarian gatherings and
medication similarity utilizing different programming. Drug
resemblance is the most crucial property, which inform about
the drug distribution, stability conditions in a pH, excretion
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properties, metabolism of a drug, toxicity percentage and side
effects. Molecular docking is a process that involves the inter-
activity of two or more than two atoms or small particles to
form a kind of bioinformatics modeling to give a stable product.
In light of the ligand and target restricting properties, it predicts
the 3D structure of a resultant complex product. Molecular
docking is a framework to comprehend drug bimolecular conn-
ections for normal medication structure and revelation the data
that is yielded from sub-atomic docking is utilized to distin-
guish binding energy, free vitality, the stability of edifices and
compliance of the ligand-receptor complex to have less binding
free energy. Biological drug target is a crucial entity in a living
being to which ligand or drug binds and results in a change of
its function, this term is frequently used in pharmaceutical
research. The most widely recognized drug focuses as of now
promoted drugs incorporate G-Protein-coupled receptors,
(enzymes, such as proteases, protein kinases, phosphatases),
nuclear hormone receptors, ion channels, (structural proteins,
such as, tubulin), transport membrane proteins and so forth.
Drug disclosure measure inculcation of the beginning phases
of exploration from target revelation and approval to the
identification of the lead compound. As of late in present day
times, it incorporates a screening of hits, restorative science,
enhancement of hits to diminish potential drug symptoms and
expands partiality and selectivity of a drug. The drug improve-
ment measure incorporates intensity, metabolic dependability
and oral bioavailability. It is a cycle of carrying another pharma-
ceutical drug to the market after the recognizable proof of lead
mixes through the process of drug discovery [1,2].

The computer-aided drug design is an extensively utilized
term that incorporates computational framework, advantages
for the capacity, management, examination and analysis of
compounds. It requests an alternate method that decreases cost
and time at the same time builds the odds of accomplishment
rate. Its use as a computational premise encourages the simple
revelation of new molecular substances.

The starting of CADD in year 1957 as a first commercial
numerical control programming system, was developed by Dr.
Patrick J. Hanratty via reviewing the target-drug interaction.
American Ivan Sutherland designed CADD in 1961 and described
about computerized SKETCHPAD in a doctoral thesis about
the automation-high throughput target/drug selection, Data-
basecombinatorial libraries and Fast computers —Docking.1989-
NURBS (non-uniform rational basis spline) freeform surfaces
mathematical representation, firstly on workstations of silicon
graphics, T-FLEX and afterwards PRO Engineer introduced
CADDon the basis of parametric engines. 2000’s-Vast infor-
mation handling-Pharmacogenomics [3].

In present scenario, the CAD/CAE (computer aided engi-
neering)/CAM (computer aided manufacturing) frameworks
are currently generally acknowledged and utilized all through
industries. All the frameworks shift from exorbitant workspace
dependent on UNIX/UNICS (uniplexexd information comp-
uting system). It is likewise utilized in more extensive open
applications, for example, 3D displaying in google maps, house
outfitting, garden arranging, incitement and improvement of
assembling, future perception, etc. Today equipment and prog-
ramming are effectively equipped for utilizing standard

quantum mechanical figuring’s to treat, pharmaceutical inform-
ation bases of a huge number of atoms or even to compute a
whole protein target. Our test is in this way to join current
hypothetical methods from different parts of science with
superior apparatus and programming to improve the exhibition
and dependability of CADD. The regular job of CADD in drug
revelation is to separate out large compound libraries into small
groups of dynamic mixes, allowing enhancement of lead
compounds by improving biological aspects such as partiality,
ADME (absorption, distribution, metabolism, excretion) and
construction of chemo types from nucleating site as well as
combining sections with capacity of streamlining [4].

Function of CADD

* Identification of target: Genetics, molecular biology,
bioinformatics, etc.

* Determination of structure: NMR (nuclear magnetic
resonance) spectroscopy, crystallography (X-ray), etc.

* Biological evaluation: Computer graphics, molecular
modeling

e Synthetic or artificial chemistry: Combinatorial
chemistry, peptidomimetics, etc.

* Finally, clinical studies are done if tested compound
passes the phases of clinical trials after completing the marke-
ting regulation introduced for the therapeutic benefits of the
patients [5].

Types of drug design: Computer-aided drug design is a
computational creative cycle of finding new drugs dependent
on information about organic targets. The drug element is a
little natural entity that ratifies or restrains the functions of a
biomolecule, example, proteins, enzymes that have helpful
advantages to patients in curing of the illness [6]. There are
two types of drug design named ligand based drug design and
structure based drug design.

Ligand based drug design: Ligand-based (indirect) drug
design is an overall way to deal with explanation of the
connection between the structure of a compound and the
physical traits of a compound because of which it shows its
therapeutic biological activity. Ligand-based drug design is a
technique that is utilized without 3D data and relies upon
information on molecules those ties to the organic objective
of intrigue. It prompts designing of various molecular entities,
which are utilized in building up another methodology that
clarifies singular component liable for communication among
ligand and target protein molecule. Molecular similitude appro-
aches, pharmacophore modeling and quantitative structure
activity relationships are the mostly used strategies in ligand
based drug design measure. In molecular displaying sub-
atomic fingerprints of realized ligands are utilized then inform-
ation bases are screened to discover molecules with comparable
fingerprints. In pharmacophore, demonstrating activity gives
highlights of a molecule are recognized and basic auxiliary high-
lights are distinguished, which at that point used to screen the
molecules with comparative highlights. QSAR is utilized to
anticipate the activity of a novel molecule and the connection
between compound and molecule biological activity is comp-
letely investigated by utilizing a quantitative structure-activity
relationship [7].
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Pharmacophore: The word pharmacophore was initially
characterized by Ehrlich, a molecular system that conveys
significant highlights liable for the drugs biological action.
Pharmacophore approaches are a fruitful piece of computer-
aided drug design, which has become a significant apparatus
in hit recognizable proof, lead enhancement and objective drug
design of drugs. A pharmacophore model contains stearic and
electronic highlights that are important to guarantee the affirm-
ation of molecular cooperation’s with a particular organic obje-
ctive and to hinder its biological activity. Each kind of particle
or gathering of molecules can be decreased to a pharmaco-
phore. These molecular examples would be named by a few
synthetic properties, such as, hydrogen bond donor, aromatic,
hydrogen bond acceptor, cationic and this data is utilized to
look at and examine the similitude among a library of small
molecules and recognizing the significant useful contributing
highlights to the biological action. The schematic portrayal of
the idea of bioactive utilitarian elements alongside the separa-
tion between atoms is called as pharmacophore. Pharmacophore
tells about highlights or design of molecule, which incorporates
three dimensional (ionizing groups, hydrogen donor or acce-
ptor), water repellant or hydrophobic groups, two-dimensional
(substructures), one-dimensional (biological or physical prop-
erties). Pharmacophore displaying helps in looking through
the conceivable low vitality adaptations, it additionally helps
in scanning the information base for new hit mixes. The way
toward determining the pharmacophore model is known as
pharmacophore mapping. Pharmacophore mapping is a 3D
strategy that is utilized for the position of pharmacophore
model highlights along with arrangement procedures used to
inlay three-dimensional structure [8].

Pharmacophore model is a theoretical portrayal of mole-
cular aspects and design that are basis for molecular acceptance
of a ligand by a biological molecule. The arrangement of
pharmacophoric highlights and the arrangement methods used
to overlay three-dimensional mapping is called pharmacophore
mapping. A pharmacophore comprises of many mathematical
imperatives between useful groups, which respects the biolo-
gical movement to the atom. Hydrogen bond acceptors or donors
emphatically, hydrophobic regions and contrarily charged
groups are common place highlights. In pharmacophore displ-
aying, the volume of the obscure receptor-binding cavity is
determined by taking a glimpse at the pharmacophore group
and confined charges on the dynamic ligands and henceforth
allocating the dynamic site. The IUPAC characterizes the
pharmacophore an outfit of electronic and steric highlights
that guarantees ideal associations between supramolecules
having particular biological objective structure as well as block
its biological reaction. It is indicated by IUPAC, the imparting
example of bioactive particles is indicated by a three-dimen-
sional plan that characterizes connection types instead of
explicit functional groups. Pharmacophore mapping consist
of three steps [9]. First step involves the identification of
common binding elements that is responsible for the biological
therapeutic activity. Secong step involves is generation of
potential conformation that is adopted by the active compound
and third step involves determine the 3D relationship between
the pharmacophore element in each conformation. Designing

of pharmacophore model can be done from many ligands, by
examining the coupling site, protein-ligand edifices,
collaborating dynamic molecules, derivatizing protein
molecule and by tracking protein structure.

Construction of pharmacophore model: The cycle for
building up the pharmacophore model includes the choice of
preparing sets of ligands, conformational examination, mole-
cular superimposition, deliberation and approval. As the bio-
logical exercises of the new molecules become accessible, the
pharmacophore model is refreshed to refine it. The ligands
are first chosen and their functionality, just as security, is
affirmed, the groups of dynamic mixes set is done generally
from literature searches and molecular information base
questioning. After the choice of many molecules, it is important
to guarantee that chosen molecules apply biological impacts
through a similar instrument is another significant perspective
that ought to be considered before pharmacophore modeling.
Subsequent to checking the biological angle, the structure of
the atom ought to be affirmed. The concoction structures are
physically set up in programming bundles, which can be blunder
causing measures. On the off chance that a delegate 3D pharma-
cophore model is to be manufactured, at that point a sensible
affirmation set to be created before arrangement. The pharma-
cophore models can be created utilizing two unique methodo-
logies relying on the input data information used to shape a
model. In this approach, the association pattern of a molecule
and its objective are legitimately recognized from experimen-
tally decided ligand-target complexes. The significant well-
springs of these complex elements are gotten from NMR spec-
troscopy, X-ray crystallography, the different pharmacophore
displaying programs are likewise utilized are, DISCOVERY
STUDIO, LIGANDSCOUT, MoE (molecular operating environ-
ment). The product gives instruments exclusively based on the
geography of the coupling site and without ligand [9].

Applications of pharmacophore model: Pharmacophores
are utilized to characterize the essential highlights of at least
one molecule with a similar biological action. Pharmacophore
models are utilized as a beginning stage for the advancement
of 3D-QSAR models. These models are also utilized in virtual
screening measures model discovered novel Myc-Max hetero-
dimer disruptors by utilizing a pharmacophore model created
utilizing disruptors. These models are also utilized as channels
to lessen wrong positives in the course of preprocessing the
molecules information base or narrow the aftereffects of other
virtual screenings. Pharmacophore model can also handle yield
of virtual screening conventions found concentrated in the
exploration of Peach & Nicklaus [9] notwithstanding progres-
sions in the methods of pharmacophore demonstrating, there
is a space and requirement for additional enhancements which
incorporate better treatment of ligand adaptability, capable
alignment of molecular algorithms. The utilizations of the
pharmacophore model have been stretched out to lead stream-
lining, multitarget drug design, action profiling and target
recognizable proof.

Quantitative structure activity relationship (QSAR):
From development and validation of analytical techniques, we
can go for quantitative determination of new API and its dosage
form [10,11] but when we want to check activity relation with
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structure then QSAR modeling proved beneficial. Quantitative
structure-activity relationship is defined as ligand-based drug
design technique. Structure-activity relationships are normally
controlled by rolling out minor improvements to the leading
structure to deliver analogs and survey the impact of these
basic changes on biological activity. Basic changes in the lead
molecule can improve its activity, decline its activity, leads to
some unfavourable impacts, totally changes the activity or cause
no adjustment in the activity. There are numerous manners by
which the size and state of the carbon skeletons of lead mixes
can be changed to create new analogs like the shape and size
of the carbon skeleton. The degree and nature of substitution
and lead compound stereochemistry.

Workflow of QSAR and characteristics includes QSAR
is a quantification of biological activity with the structure, to
observe the influence of each structure on biological activity,
developing mathematical/statistical correlation, biological
activity then structural properties (measured/calculated) and
physico-chemical properties: molecular weight, refractive index,
polar surface area, number of rotatable bonds, partition coeffi-
cient (1D descriptors). Topological information i.e. connection
points the way each and every atom is connected (2D descri-
ptors) as they give 2-dimensional connectivity information,
similarly when we use 3D structures for generation of equation
expressed by 3D-QSAR. Hence, the descriptors describe the
structure and properties in terms of number [12,13].

Requirements in QSAR studies: QSAR is a proficient
strategy for building numerical devices that endeavor to locate
a noteworthy relationship between chemical structures and
ceaseless or completely dynamic, inert, harmful, non-poisonous
and so on biological property utilizing relapse and arrangement
methods. This technique establishes relation between biolo-
gical or chemical activity and chemical structure using numerical
modelling and set of ligands, which can be resolved to a proto-
type depicting the structure and biological or chemical relation-
ship. QSAR model decides the impact of specific properties
on the activity of a molecule. Measurement of the structure and
assurance of the activity of a ligand is a basic aspect of the
demonstrating cycle. Descriptors are structure measurement
and segments that describes property elements. Structural
descriptors are utilized as autonomous factors and activity as
a needy variable to portray the relationship among structure
and biological or chemical capacity of a substance. An overall
recipe for quantitative structure-activity relationship (QSAR)
can be given by the formula:

Activity = f (molecular or fragmental properties)

C is the minimum concentration needed to cause biological
response, whereas as physico-chemical property as log P. The
physico-chemical descriptors incorporate boundaries to represent
hydrophobicity, topology, electronic properties and steric effects.
The representative examples of correct predictions from QSAR
are norfloxacin (antibacterial), metconazole (fungicide), flobufen
(anti-inflammatory). After construction and approval of QSAR
model, we can predict the biological activity of molecules from
their structural aspects. Like all analogs should belong to a
congeneric series. They should also exert the same mechanism
of action; all analogs should bind comparably; the effect of an
isosteric replacement should be predicted; biological activities

should be correlated to binding affinity and binding affinity
should be correlated to interaction energies and biological
activity distribution should be three logs; a minimum of 30
compounds should be present for a good correlation [14].

Classification of QSAR methodologies

A. Based on dimensionality: This is done based on
structural representation: (i) 1ID-QSAR: Matching up activities
with global molecular properties such as pK,, log P, etc.; (ii)
2D-QSAR: Matching up with structural patterns such as
connectivity index, 2D- pharmacophore, efc.; (iii) 3D-QSAR:
Includes non-covalent interactions, fields surrounding the mole-
cules; (iv) 4D-QSAR: Includes groups of ligand configurations
in 3D-QSAR; (v) SD-QSAR: Depiction of different induced
fit models in 4D-QSAR; and (vi) 6D-QSAR: Merging of
different solvation models in SD-QSAR.

B. Type of chemometric methods: This classification is
based on the techniques used to establish a relation between
biological activity and structural properties e.g. (i) Linear
method: Linear regression (LR), multiple linear regression
(MLR), partial least squares (PLS), principle component analysis/
regression (PCA/PCR); and (ii) Non-linear method: Artificial
neural networks (ANN), k — nearest neighbors (kNN),
Bayesian neural networks (BNN) [15].

QSAR procedure: The principle steps in QSAR models
inculcate (i) collection of data set and introduction of structural/
empirical descriptors, (ii) varying selection, (iii) building a
model, and (iv) validating and evaluating a model. Drug design
makes use of the data. The principle for employing QSAR is
similar structure implies similar activity, for QSAR based drug
design structurally similar ligands, will have similar biological
activity. Firstly, a database is required to train the QSAR model
and one to validate the model. Each compound is composed
of features and collection of each set of features defines the
dataset. Features describe the molecule and predict the activity
of interest. There are a variety of features including topological
polar surface area, log P, the counting of hydrogen bond
acceptors and donors. The selection about right features is an
important task such as topological features based on the mole-
cular graphs represents the integration of atoms in molecules.
The topological feature pre-owned for modeling biological,
physico-chemical and pharmacokinetic parameters ex. Wiener,
Zagreb connectivity index, efc. Geometrical features are pre-
meditated from the three-dimensional coordinates of the atoms
in this capturing of 3D details regarding the molecular dimen-
sions and atoms dissemination e.g. WHIM (weighted holistic
invariant molecular), MoRSE (molecular representation of
structures based on electronic diffraction), GETAWAY (geometry,
topology and atomic weights assembly), efc. Thermodynamic
descriptors correlate chemical structure to observed chemical
conduct e.g. HF (heat of formation), molRef (molar refractivity)
etc. Electronic features are utilized as describing features of
electronic properties of atoms or molecular bonds; molecular
fragments ex. dipole moment, HOMO (highest occupied mole-
cular orbital), LUMO (lowest unoccupied molecular orbital)
energy, etc. Constitutional features reflect the chemical inform-
ation of a molecule without any explanation of atom connectivity
ex. atom and bonds count. Once the features have been selected
model training starts a variety of models are used to train the



Asian Journal of Organic & Medicinal Chemistry 59

model and choosing the model is a task that requires many
considerations, including interpretability as well as accounting
for bias in the model. The model can be either regression or
classification depends on the identification aim of the QSAR.
After the model has been leveled, the model processes the
selected features from another dataset and set of molecules.
By comparing the actual and predicted values, the results
evaluate the validity of the QSAR. After getting a valid model
a virtual high throughput screen highlights candidate drugs
and virtual hits can be experimentally determined and evaluated
hence these virtual hits may turn into leads and ultimately
into drugs. QSAR approach plans to distinguish and measure
the physico-chemical properties of drugs, for example, mole-
cular hydrophobicity, substituent’s hydrophobicity, electronic
aspects of substituents and stearic characteristics of substituents.
Various parameters are also used in QSAR studies such as lipo-
philic parameters, electronic and stearic parameters.

Hansch analysis: Hansch analysis is the examination of
the quantitative relationship between the biological activity
of progression of mixes and their physico-chemical substituent
suggesting hydrophobic, electronic, steric and different impacts
utilizing various relapse connection procedures. Here i, 6 and
E, are Hansch hydrophobic constant, Hammett constant and
Taft’s steric parameter, respectively. The coefficients a, b, ¢, d
are constants calculated using multiple regression analysis.
Equation can also be expressed using the parabolic term as:

log (1/C) = a + br + cn* + do + €k

Applications of QSAR in drug discovery: It helps in
the forecast of the activity of a molecule, finding instrument
of drug activity, order of drugs, lead compound enhancement,
displaying of ADME boundaries, ecotoxicological demons-
trating and so on. Improved sub-atomic descriptors dependent
on a superior comprehension of which sub-atomic character-
istics are significant for an even property being displayed and
expanding the utilization of hereditary and man-made reasoning
techniques will raise QSAR. It is an extensively utilized instru-
ment for creating relationships between the impacts exercises
and properties of arrangement of molecules with their structural
properties. A powerful territory coordinates new advances at
an amazing rate and demonstrating numerous advances in the
applications as well as approaches of QSAR [16-18].

Structure based drug design: Structural based design is
designing and streamlining the chemical structure to recognize
appropriate compounds for clinical testing of a drug substance.
Design of drug depends on 3D structure information of the
biomolecular target is called as structure-based drug design
or direct drug design as the 3D structure of biological targets
is obtained through X-ray crystallography or NMR spectro-
scopy. Thus, structure-based design begins with the target
recognizable proof and check of a confirmed drug target as
identification helps in planning accessible associations with
the dynamic site and facilitates the designing of the viable
new compounds. A search of sequence databases followed by
sequence alignment and analysis tells about the specificity of
a particular target in a given organism. Molecular database
mining includes compounds with the best complementarities
to binding sites are selected. Structure-based drug design conti-
nues through different procedures prior to lead compound is

forwarded towards phase 1 clinical study. Initially, include
cloning, sanitization and structure assurance of nucleic acid
or target protein by NMR, X-ray crystallography or homology
demonstrating. Compounds are positioned and scored based
on their electrostatic and steric associations with the target
site and the viable compounds selected for bioassays. The
decision of the drug target is done based on the natural and
biochemical premise the ideal target is one that is firmly conne-
cted to human illnesses and binds small molecule to complete
the capacities. The aim of creating drugs against pathogenic
creatures in absolute restraint of their development leading to
the demise of microbes. The targets should not have other
elective path possessing the option that enhances the ability
of the drug target and beats the closeness to inhibiting activity.
After this assessment of each structure plans to acquire exact
basic data finest structures are the most widely recognized origin
of basic data as high-goal structures are gotten the nature of
structures in crystallography are estimated by RMS (referential
manage-ment services) deviations, van der Waal deviations,
analysis of conformational angle, bond lengths and so forth.
Structures acquired by NMR utilizing a condensed protein or
nucleic acid in solution are precious source of designing the
drug programs such as PROCHECK NMR, WHAT IF whose
results can be monitored in PDB provides more details on the
evaluation of NMR structures. On the off chance that no tenta-
tively decided structure is not accessible, at that point a homo-
logy model is utilized for drug design assessment of a
homology model that is finished utilizing SWISS-MODEL.
This model yields a reli-able factor for each buildup which
measures structural data selected to be a part of the model if
there is a higher reliable confidence number methods a bottom-
most number of layouts with lesser precision. After structural
data is accumulated from the above procedures then the structure
is ready for designing drug programs by including atoms of
hydrogen if missing, small molecules, such as, water and ions
can be remembered for the lead age stage. Further identification
of target site is done target destinations are pockets or predic-
tion with variety of hydrogen bond acceptors or donors, size
of molecules sur-face, hydrophobic qualities and so on. After
the identification of structure and target site, there are number
of pathways of evolving a good lead compound such as computer
aided and experimentally. The programs used for virtual screening
are SLIDE, DOCK, FlexX, Hammerhead, AUTODOCK,
MCSA-PCR (Monte Carlo based simulated algorithm polym-
erase chain reaction), efc. The programs utilized for De novo
generation of ligands are GRID, LUDI, DLD (dynamic ligand
design algorithm), CONCERTS, SPROUT, etc. A few
molecules that are scored well during docking run are addition-
ally assessed in various tests leads are first assessed with
computer graphics and furthermore assessed by utilizing RULE
OF FIVE which expresses those great leads commonly have
under five hydrogen bond donors and under ten hydrogen bond
acceptors, atomic weight under five hundred and partition
coefficient under five. At last, leads are put forward into the
wet lab for biochemical assessment. After a primer evaluation
of bioavailability, the applicant leads proceed in a cycle of
reemerging basic assurance and reconsideration for streaml-
ining [17-19].
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Biological target: It is a biological element generally a
protein or gene whose action is balanced by a specific compound.
There is a need to discover proteins or receptors or genes related
with an infection with which a potential drug collaborates with
the alleged drug targets. The most common examples of bio-
logical targets are the nucleic acids and proteins such as proteins:
G protein-coupled receptors, enzymes (esterase’s, proteases),
ion channels (voltage-gated ion channels, ligand gated ion
channels), nuclear hormones receptors, nucleic acids, structural
proteins (like tubulin) and membrane transport proteins [20].

Selecting a drug target: In order to select or find the
drug target, we need to study the disease in order to understand
what drives the disease or what causes the disease. For that,
we have to study the genetic studies between a patient and a
healthy person. Physiological studies of patients and animal
models identify the disease pathway i.e., identify molecules
that can alter disease when modulated; practical research &
literature reviews of the disease and took the expert opinion
about the disease.

Methods employed in drug target discovery: There is
mainly two methods i.e. (a) conventional,w hich involves the
study of physiological and pathological pathways in animal
and human beings and (b) modern molecular is guided by
development in molecular biology and the human genome
project, which inculcates genomics, proteomics, transgenic
animal models and gene manipulation in cells or tissue.

Molecular docking: Molecular docking is a sort of bio-
informatics modeling that includes the collaboration of at least
two molecules to give a steady product. This method means
to anticipate the best coordinating binding mode to a ligand
and leads to the age of the quantity of potential directions.
Ligand protein collaborations are engaged with numerous
biological cycles with drug suggesting the main clarification
of binding with the lock key model to decipher enzyme explicit-
ness. In the lock and key model, ligand perceives and involves
the protein-binding site as if key perceives its lock due to their
integral shapes. Molecular docking creates all the potential
structures that are positioned and gathered utilizing scoring
programming. It is an alluring framework to understand drug
biomolecular communications for discovery and rational drug
design. Molecular docking uncovers data about free energy,
binding energy and buildings strength. The fundamental point
of this cycle is to achievea ligand-receptor complex with
increased adaptation and a molecule should have less binding
free energy.

The molecular docking process requires data collection
or bank for the inquiry about PDB design. It requires docking
of little molecules to an objective from predefined testing of
potential compliances of the ligand ready of the objective to
build up stable and improved adaptations with complex shaped
molecule. The fruitful docking strategies search high dimen-
sional spaces adequately and utilize the scoring capacity that
effectively positions candidate dockings. The different data-
bases are utilized to get data on small ligand molecules, for
example, available chemical directory, Cambridge structural
database, MDL drug data report and so on. Since 1980s, after
the advancement of the principal algorithms, molecular docking
turns into a basic device in drug discovery as it is precise in

deciding the compliance of little molecule ligands inside the
proper target binding site. The recognizable proof of binding
adaptations requires two stages; (i) Huge conformational space
investigation informs about different expected binding sites
and modes (ii) the connection energy associated with each
predicted binding compliances. There are two sorts of docking
examined the most (i) rigid docking (ii) flexible docking the
inward calculation involves both the ligand and receptor are
treated as rigid though in flexible docking a count of the turn
of the typically smaller molecules is performed and energy is
determined for each revolution and afterward most ideal posture
is chosen. In rigid docking or lock and key model, we need to
locate the correct relative direction of the key that opens up
the lock here protein is a lock whereas ligand is a key. However,
both protein and ligand are flexible such as a hand in glove
flexible docking is more fitting than lock and key speculation
of rigid docking. Throughout the cycle, the ligand and protein
alter their compliance to accomplish generally indicating best
fit, which brings about large binding and alluded to as initiated
fit. Docking should be possible between protein-ligand, protein-
protein or protein-nucleotide, different collaborations are found
among ligands and receptors, for example, electrostatic forces,
electrodynamics forces, steric forces and dissolvable related
forces [21-28].

Conformational aspect: The conformational perspective
remembers systematic and stochastic quest techniques for this
stage different basic boundaries of the ligands are concentrated,
for example, torsional, rotational and translational degrees of
freedom. Flexible molecules have numerous conformational
minima, which can be effortlessly reached by torsional move-
ments of the molecular system in the potential vitality surfaces.
For recognizing different docking software is sampling algo-
rithms and scoring functions are utilized, algorithms are
expected to separate out and select important compliances from
undesirable ones. Different kinds of algorithms are created
and arranged by the degree of freedom the most straightforward
calculation comprises of three translational and three rotational
degrees of freedoms i.e. a sum of six degrees of freedoms. Ex.
DOCK, LibDock, LIDAEUS, PhDOCK, Q-fit, SANDOCK,
etc. All the projects utilized in molecular docking have the
benefit of speed yet in addition need some pre arrangements,
for example, description of geometry of receptor and parts of
flexibility aspects of molecule to decide different parts of
protein-ligand collaborations. Algorithm second is used for
incremental construction in this ligands are divided from
rotatable bonds into different portions. The anchor or base is a
part that shows greatest interaction with surface of receptor
and gives explicitness to the ligands. The sections with the least
energies are chosen to make the algorithms very quick and
vigorous. Ex. SLIDE, eHiTS, MacDock, SKELGEN, efc. Monte
Carlo is the other useful algorithm here a ligand is altered by
using translational rotation, bond rotation and other several
parameters which can be altered at specific time. Assessment
of conformation is do neat the binding site based on energy
calculations together with Boltzmann’s probability constant.
In the Monte Carlo algorithm, there may be an increase in
temperature and energy is possible whereas other algorithms
favour a decrease in energy. An interesting byproduct of the
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algorithm Monte Carlo is Tabu search that shows recorded
data of search space of binding site and ensures that site is
utilized to its maximum potency. The approaches in Monte
Carlo algorithm have made in many programs such as FDS
(fire dynamics simulator as computational fluid dynamics
model), GlamDock, QXP (quick explore search algorithm),
AutoDock, efc. The hierarchical method is another approach
in the method lowest energy conformations of ligands are lined
up then premeditated after these pre-computed conformations
are arranged to a hierarchical order in which alike conformations
are positioned close to each other. Rotations and translations
are carried out and then the docking program uses hierarchical
data to minimize the outcomes ex. GLIDE software utilizes
the hierarchical method. Molecular dynamics is also a part of
the conformational aspect it is a computer simulation method
for scrutinizing the physical movements of atoms and mole-
cules. In this method, atoms and molecules interrelate with
each other for a fixed interval of time to give a zestful evolution
to the system. The simulation approach and shape complemen-
tary approaches are used mainly to perform molecular docking.
In the simulation approach, target and ligand are isolated
through separation and ligand is allowed to fit the target in its
conformational space. The ligand in each development in confor-
mational limit loses the energy called as total energy. The
simulation approach is more viable to acknowledge ligand
adaptability just as it has genuine evaluated to the molecular
acknowledgment among ligand and target. Fit as a fiddle
complementarities approach, the ligand and target are viewed
as a surface auxiliary component that gives molecular coopera-
tion moves toward the correlation between two surfaces depen-
dent on shape synchronizing aides in examining an integral
depression for the ligand above the target surface. Hydropho-
bicity in protein targeting entities is assessed by using the turns
in quantitative amount in the fundamental chain of atoms
utilizes shape complementarity approach. Stochastic strategies
search conformational space by haphazardly changing a ligand
compliance Monte Carlo and genetic algorithms have a place
with this class. Stochastic strategies abstained by achieving
the rearmost arrangement at minimum close by energy that
upgrades the possibility of searching the global minimum. The
possibility of genetic algorithms originates from Darwin’s
theory of advancement in this algorithm degree of freedoms
of the ligand are encoded as binary strings called genes thus
to make up the chromosome which gives information about
the posture of the ligands. Mutation and crossover are two
sorts of genetic administrators in the genetic strategy where
mutation rolls out irregular improvements in the genes and
crossover trade genes between two chromosomes. The genetic
method of the algorithm is utilized in AutoDock, GOLD (genetic
optimization for ligand docking), DIVALI, DARWIN, ezc.
Regardless of all the above methods specified in the confor-
mational algorithm, this algorithm can see extensive range of
energy landscapes in appropriate amount of time.
Applications of molecular docking: Molecular docking
clarifies and exhibits the practicability of biochemical response
and predicts initiation or hindrance of the enzyme. It helps in
lead optimization by foreseeing the streamlined direction of
ligand on its target and furthermore predicts distinctive restri-

cting methods of the ligand ready of the target molecule, which
helps in growing more intense and effective drug applicants.
It is additionally utilized in recognizable pieces of proof as a
blend of molecular docking and scoring functions is utilized
to assess enormous databases for finding intense drug contender
in silico drug design, to target the molecule of intrigue. It
additionally assumes an unmistakable piece of the given
forecast of drug restricting aspects to nuclei corrosive and
establishes the connection in the middle of the molecular shape
of the drug and cytotoxicity. It can likewise be utilized in
bioremediation for example to foresee contaminations that can
be debased by enzymes. It additionally assumes a significant
part in signal transduction for example accommodating in
foreseeing agonism and antagonism quality of signals. It is
generally utilized apparatus for anticipating protein-protein
cooperation likewise information on the molecular affiliations
helps in understanding an assortment of pathways occurring
in living beings and uncovers conceivable pharmacological
targets [29-31].

Drug discovery process: The process of finding or creating
some new possibility for drug or medication is known as drug
discovery. The idea of the action of the drug in human body is
identified by the cooperation of molecule of a drug with the
biological entity macromolecule (i.e. target) drove researchers
to the end that for the biological movement of the drug single
chemical entities are required. Many researchers had accom-
plished work on this process on purine metabolism with
generally a gathering of less than fifty individuals on purine
sample, provided for the discovery of the main antiviral. The
primary immunosuppressant i.e. azathioprine that permitted
transplantation of human organs, essential anticancer therapy;
an ant malarial; and a therapy for gout.

Research and development: Before testing the drug
initially, it must be explored. This will regularly not start with
the drug itself yet by finding the conceivable drug or biological
target for it to follow up on. This target could be a protein or a
biological pathway in the body that has been entrapped in the
disease. Scientists will at that point attempt to make certain,
as a potential drug target is associated with some route in the
disease or condition before continuing further. When the target
is recognized then the following steps or process is the target
validation. When the target is distinguished and approved then
the discovery of the drug or the molecule that follows up on
the target starts. This will include in the research center testing
of an immense number of compounds, regularly at least 10,000,
to verify that it shows vault action against the target. Presently
its power will be tried known as the lead optimization.

Identification of target moiety: Distinguishing the initial
biological arising point of disease and expected drug target
for the drug to interact is known as the “target identification”.
This is commonly the initial step for drug discovery. The wide
term target that can be applied to many biological substances,
which incorporates RNA and protein. Method of identifying
the biological target: There are mainly three distinct and comple-
mentary approaches for discovering the target, for example:

(i) Direct biochemical methods: In this method, the
protein or small molecules are directly selected and the labeling
is done. Then two populations are divided and incubated. Then
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direct detection of binding is done and usually followed by
some wash procedure.

(ii) Genetic manipulation method: Genetic manipulation
can likewise be utilized to recognize protein targets by adjusting
assumed targets in cells, subsequently evolving small-molecule
affectability. Near genomics techniques intend to contrast all
the while at least two genomes with distinguish similitudes
and contrasts and henceforth recognize potential drug target.
Correspondingly, there is another term in genetic manipulation
named as proteomics in this all the while at least two proteins
are analyzed for checking the distinction.

(iii) Computational interface method: The target theory
conversely can be produced by the computational interface
utilizing design acknowledgment to contrast small molecule
impacts with those of known reference molecule or genetic aspects.

Validation of target moiety: Advancement in the drug
discovery measure is defined as the validation of target moiety.
Best method of totally sure protein is instrumental to test the
given disease convicted in a human body, however such clinical
trials can’t be done in the underlying phase of the drug
development which implies the potential target must go under
the validation cycle, it is finished by checking its job is plainly
characterized before. It is utilized to screen countless compounds
for drug action. The most common strategy for the target valid-
ation is the gene knockout, the enzyme knockout or any protein
knockout. Knockout here means the elimination or the inhibition
of the particular gene of the enzyme. So for validation when
once the gene is knocked out the pathogen should not live or
survive or it should prove the essentiality of the target gene to
that particular human or the proper function of the particular
tissue. For that, the knockout or the enzyme inhibition assays
are carried out. Once we are ensured about the essentiality of
that particular gene, enzyme or the particular disorder then
we can select it as the “drug or biologically active target” then
move towards identification steps of drug moiety. Lead identi-
fication: The identification of the organic moieties that connect
the targeted protein and balance their movement by irregular
or rational methodologies. The chemical compound that has
pharmacological or biological action liable to be restoratively
helpful is named as a lead.

Lead optimization: When the lead is discovered then the
following stage is the lead optimization. Molecules are changed
and portrayed to obtain a compound with appropriate property
to turn into a “drug”. Leads are portrayed for pharmaco-
dynamic properties, for example, viability and power in vitro
as well as in vivo, physio-chemical aspects, pharmacokinetic
aspects and toxicology aspects. When compounds with alluring
in vitro profiles have been recognized, these are portrayed using
in vivo models.

Preclinical trials: A lab test of another drug or another
clinical gadget typically done on the animal subject to see that
treatment works and in the event it is protected to test on people.
In drug improvement, preclinical trials are a phase of exami-
nation that precedes the clinical or human trials. In this preli-
minary significant practicability, iterative testing and drug
security information is arranged. Preclinical trials are done to
decide the protected portion for first in man study and access
the items security profile. Generally, just one out of 5000 drugs
that attend the preclinical court dates is endorsed as a drug.

Items may incorporate new clinical gadgets, drugs, gene therapy
arrangements and analytic devices. Generally, the preclinical
preliminary depends on three key points’ pharmacodynamics,
pharmacokinetics and toxicology.

Clinical trials: The clinical trial is a systemic investigation
done on humans to test the efficiency and safety of the new
drugs. In this trial human volunteers are hired to investigate and
trial with the new drug. Usually, there are three clinical steps,
which comprises of Phase 1, Phase 2 and fPhase 3. But there is
also the fourth phase also called as post-marketing surveillance.
Fourth phase is after drug is launched in market [32-38].

Review and Approval: Presently after three trials, in the
event that the analysts feel the proof for the drug’s viability is
convincing and at that point they apply to the pertinent admi-
nistrative board for endorsement. This endorsement includes
the administrative board analyzing the proof and thinking about
whether the drug’s advantages exceed its risks. If the admin-
istrative board is fulfilled that the advantages of the drug are
sufficiently noteworthy to make the dangers beneficial. The
board will meet the endorsements, a process that generally
takes a year. FDA guarantees that over 75% of the endorsement
demands it gets are allowed. After the approval, the drug finally
comes to the market for use. However, this is not the end
because after the drug enters the market still the post-market
surveillance is going on. If in the drugs, some non-acceptable
adverse effects are seen the drug is withdrawn from the market
and banned [39].

Drugs discovered and tools used in CADD: Captopril
is an antihypertensive drug, which gets approved in 1981
similarly other drugs such as saquinavir, indinavir which are
human immunodeficiency virus inhibitor got approval in year
1995 and 1996.Various tools are used in CADD such as BLAST,
for sequencing of protein and DNA by using basic local align-
ment search tool. DISCOVERY STUDIO, used for simulation
and modeling, Protein data bank is software used to collect
structural information about macromolecules. PubChem is a
tool used to compile analysis of structure and physico-chemical
aspects of chemical compound. Autodock is a tool used for
molecular docking. Hence, with the help of various tools and
software’s are used to discover many drugs such as ritonavir,
zanamivir, alliskiren, etc. [40].

Suggestion: CADD is a widely growing field of develo-
ping drugs at fast pace, minimal time, high accuracy and cost
effective. If we see, the market growth insights of 2020-2026
i.e. forecast period this technique provides key market trends,
complete picture of competitive scenario in drug market, usage
of vast technology and product development. The data, which
we get from the process, can be interpreted using graphical repre-
sentations, pie charts, statics, efc. According to study conducted
by research drive, global CADD market forecasted size is
expected to reach $4,878.5 billion by end of 2026, registering
15.5% compound annual growth rate over the forecast period.
Hence, this technique can be used wisely to get effective lead
compound in minimum time with a prototype model providing
effective drug model to treat the ailments [41,42].

Conclusion

Computer-aided drug design (CADD) is a multidisciplinary
field attracting the scientists from information innovation,
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medicine, pharmacology, science and so forth to find devices,
which help in enhancing accessible strategies in the drug disco-
very process. Since the primary revealed accomplishment of
drug discovery, there is a blast in the number, assortment and
complexity of assets and investigative instruments. Its main
aim is to find or detect the high potency lead with minimal
side effects and having a selectivity as well as specificity in its
function. Computer-aided drug design is currently perceived
as efficient, exact and practical option in contrast to high through-
put screening. If the target is unknown then examination of
potency, multiple regressions, scoring and docking is carried
out. It also helps in silicon studies, protein modeling via various
methodologies of homology modeling. Multitarget designing
can also be done through CADD. Numerous bioinformatics
devices and assets are created to assist the process of drug
discovery. Data openness is basic for the process of drug disco-
very and formative missions. A mission normally begins with
the determination of biological targets entire part in diseased
robotic process, pathways are built up and afterward library
or assortment of compounds is accomplished for additional
screening. Progre-ssions in the molecular docking algorithms,
enhancements in the computational infrastructure are enabling
fast upgrades in screening throughput. Late models include the
European Union-funded wisdom worldwide in silicon docking
on intestinal sickness, which examined 41 million jungle fever
applicable compounds in around multi month using 1700
computers from 15 nations. The utility of computer-aided drug
design is likewise for evaluating the three-dimensional parts
of drugs and their receptors collaborations of molecular premise
and utilize the medicinal chemistry in evaluating and formu-
lating the design of new restorative specialists. Thus, itis a famous
cycle in present just as the future to encourage the improvement
of various drugs for the recipient of human well-being.

REFERENCES

1. J.M. Beale and J.H. Wilson, Gisvold’s Textbook of Organic Medicinal
and Pharmaceutical Chemistry, Lippincols Williams & Wilkins, Walters
Kluwer Company, Ed.: 10, pp. 43-155 (1998).

2. L. Boruah, A. Das, L.M. Nainwal, N. Agrawal and B. Shankar, In-
Silico Drug Design: A Revolutionary Approach to Change the Concept
of Current Drug Discovery Process, Indian J. Pharm. Biol. Res., 1, 60
(2013).

3. M.S. Chorghade, Drug Discovery and Development, Wiley Interscience,
John Wiley & Sons, Inc., Hoboken, New Jersey, pp. 233-269 (2006).

4. K.O. Alfarouk, C.-M. Stock, S. Taylor, M. Walsh, A.K. Muddathir, D.
Verduzco, A.H.H. Bashir, O.Y. Mohammed, G.O. Elhassan, S.
Harguindey, S.J. Reshkin, M.E. Ibrahim and C. Rauch, Cancer Cell
Int., 15, 71 (2015);
https://doi.org/10.1186/s12935-015-0221-1

5. C.-H. Lee, H.-C. Huang and H.-F. Juan, Reviewing Ligand-Based
Rational Drug Design: The Search for an ATP Synthase Inhibitor, Int.
J. Mol. Sci., 12, 5304 (2011);
https://doi.org/10.3390/ijms 12085304

6. L. Pintilie and A. Stefaniu, Docking Studies on Novel Analogues of 8-
Chloro- Quinolones against Staphylococcus aureus & Molecular
Docking Studies of Some Novel Fluoroquinolone Derivatives,
Intechopen, Chap. 5, pp. 1-15 (2018).

7. A.J. Hopfinger, Computer-Assisted Drug Design, J. Med. Chem., 28,
1133 (1985);
https://doi.org/10.1021/jm00147a001

8. S.S. Imam and S.J. Gilani, Computer Aided Drug Design: A Novel
Loom To Drug Discovery, Org. Med. Chem., 1, 555567 (2017);
https://doi.org/10.19080/0MC1J.2017.01.555567

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

M.L. Peach and M.C. Nicklaus, Combining Docking with Pharmaco-
phore Filtering for Improved Virtual Screening, J. Cheminform., 1, 6
(2009);

https://doi.org/10.1186/1758-2946-1-6

N.K. Shaikh, R.K. Jat and J.O. Bhangale, Analysis of Vildagliptin and
Nateglinide for Simultaneous Estimation using Spectro-Chromatographic
Methods, Eur. J. Mol. Clin. Med., 7, 741 (2020).

N.K. Shaikh, R.K. Jat and J.O. Bhangale, Development and Validation
of Stability Indicating RP-HPLC and UV Method for Simultaneous
Quantitation of Repaglinide and Sitagliptin Phosphate in Combination,
J. PharmTech Res., 10, 95 (2020);
https://doi.org/10.46624/ajptr.2020.v10.i6.007

L.G. Ferreira, R.N. Dos Santos, G. Oliva and A.D. Andricopulo,
Molecular Docking and Structure-Based Drug Design Strategies,
Molecules, 20, 13384 (2015);
https://doi.org/10.3390/molecules200713384

A.C. Anderson, The Process of Structure-Based Drug Design, Chem.
Biol., 10, 787 (2003);
https://doi.org/10.1016/j.chembiol.2003.09.002

1. Hoque, A. Chatterjee, S. Bhattacharya and R. Biswas, An Approach of
Computer-Aided Drug Design (CADD) Toolsfor in silico Pharmaceutical
Drug Design and Development, Int. J. Adv. Res. Biol. Sci., 4,60 (2017);
https://doi.org/10.22192/ijarbs.2017.04.02.009

S.J. Macalino, V. Gosu, S. Hong and S. Choi, Role of Computer-Aided
Drug Design in Modern Drug Discovery, Arch. Pharm. Res., 38, 1686
(2015);

https://doi.org/10.1007/s12272-015-0640-5

G. Maithri, B. Manasa, S.S. Vani, A. Narendra and T. Harshita,
Computational Drug Design and Molecular Dynamic Studies-A
Review, Biomed. Data Min., 6, 123 (2016);
https://doi.org/10.4172/2090-4924.1000123

S. Kar and K. Roy, How Far can Virtual Screening Take us in Drug
Discovery? Expert Opin. Drug Discov., 8, 245 (2013);
https://doi.org/10.1517/17460441.2013.761204

S. Dutta and K. Sachan, Computed Aided Drug Design-A New Approach
in Drug Design and Discovery, Int. J. Pharm. Sci. Rev. Res., 1, 146 (2010).
C. Hansch, A. Leo, S.H. Unger, K.H. Kim, D. Nikaitani and E.J. Lien,
Aromatic Substituent Constants for Structure-activity Correlations, J.
Med. Chem., 16, 1207 (1973);

https://doi.org/10.1021/jm00269a003

A. Baldi, Computational Approaches for Drug Design and Discovery:
An Overview, Syst. Rev. Pharm., 1, 99 (2010);
https://doi.org/10.4103/0975-8453.59519

S.F. Zhou and W.Z. Zhong, Drug Design and Discovery: Principles
and Applications, Molecules, 22, 279 (2017);
https://doi.org/10.3390/molecules22020279

L.L. Thomas, D.A. Williams, V.F. Roche and S.W. Zito, Foye’s
Principles of Medicinal Chemistry, Ed.: 7, vol. 18, pp. 29-283 (1974).
J.H. Van Drie, Computer-Aided Drug Design: the Next 20 Years, J.
Comput. Aided Mol. Des., 21, 591 (2007);
https://doi.org/10.1007/s10822-007-9142-y

F. Ooms, Molecular Modeling and Computer Aided Drug Design.
Examples of their Applications in Medicinal Chemistry, Curr. Med.
Chem., 7, 141 (2000);

https://doi.org/10.2174/0929867003375317

N.S. Pagadala, K. Syed and J. Tuszynski, Software for Molecular
Docking: A Review, Biophys. Rev., 9, 91 (2017);
https://doi.org/10.1007/s12551-016-0247-1

J. Bhangale, S. Acharya and T. Deshmukh, Antihyperglycaemic Activity
of Ethanolic Extract of Grewia asiatica (L.) Leaves in Alloxan Induced
Diabetic Mice, World J. Pharm. Res., 2, 1486 (2013).

J.0. Bhangale, S.R. Acharya and N.S. Acharya, Neuroprotective Effect
of Pet Ether Extract of Ficus religiosa (L.) Leaves in 3-Nitropropionic
Acid Induced Huntington, Int. J. PharmTech. Res., 8, 57 (2015).
J.0. Bhangale, S.R. Chaudhari, R.V. Shete and B.N. Kale,
Antinociceptive and anti-inflammatory Effects of Tectona grandis (L.)
Bark, Pharmacologyonline, 2, 856 (2010).

T. Lengauer and M. Rarey, Computational Methods for Biomolecular
Docking, Curr. Opin. Struct. Biol., 6, 402 (1996);
https://doi.org/10.1016/S0959-440X(96)80061-3

O.F. Guner, History and Evolution of the Pharmacophore Concept in
Computer-Aided Drug Design, Curr. Top. Med. Chem., 2, 1321 (2002);
https://doi.org/10.2174/1568026023392940



https://doi.org/10.1016/S0959-440X(96)80061-3

64 Sharma et al.

31.

32.

33.

34.

35.

36.

S.Yang, Pharmacophore Modeling and Applications in Drug Discovery:
Challenges and Recent Advances, Drug Discov. Today, 15, 444 (2010);
https://doi.org/10.1016/j.drudis.2010.03.013

J.C. Tong, Applications of Computer-Aided Drug Design in Drug
Design: Principles and Applications, Springer Nature: Singapore Pte
Ltd., Chap. 4, pp 1-16 (2017).

S.K. Sharma, E. Sharma and Y. Sharma, A review: Recent Computational
Approaches in Medicinal Chemistry: Computer Aided Drug Designing
and Delivery, Pharma Innov., 6, 5 (2017).

K. Stromgaard, P.K. Larsen and U. Madsen, Textbook of Drug Design
and Discovery, Washington, DC Taylor & Francis, Ed.: 5, pp. 1061-
1098 (2017).

W.G. Richards, Computer-Aided Drug Design, Pure Appl. Chem., 66,
1589 (1994);

https://doi.org/10.1351/pac199466081589

A.Z. Dudek, T. Arodz and J. Galvez, Computational Methods in
Developing Quantitative Structure-Activity Relationships (QSAR): A
Review, Comb. Chem. High Throughput Screen., 9, 213 (2006);
https://doi.org/10.2174/138620706776055539

37.

38.

39.

40.

41.

42.

S. Myers and A. Baker, Drug Discovery—An Operating Model for a
New Era, Nat. Biotechnol., 19, 727 (2001);
https://doi.org/10.1038/90765

C.M. Song, S.J. Lim and J.C. Tong, Recent Advances in Computer-
Aided Drug Design, Brief. Bioinform., 10, 579 (2009);
https://doi.org/10.1093/bib/bbp023

N. Triballeau, H.-O. Bertrand and F. Acher, Eds.: T. Langer, R.D.
Hoffmann, R. Mannhold, H. Kubinyi and G. Folkers, Pharmacophores
and Pharmacophore Searches, WILEY-VCH Verlag GmbH & Co.
KGaA, Weinheim (2006).

J.P. Hughes, S. Rees, S.B. Kalindjian and K.L. Philpott, Principles of
Early Drug Discovery, Br. J. Pharmacol., 162, 1239 (2011);
https://doi.org/10.1111/j.1476-5381.2010.01127.x

R. Prasad, V. Kumar, M. Kumar and D. Choudhary, Nano- Biotechnology
in Bioformulations, Springer Science and Business Media, LLC, vol.
1(2019).

P. Aparoy, K. Kumar Reddy and P. Reddanna, Structure and Ligand
Based Drug Design Strategies in the Development of Novel 5- LOX
Inhibitors, Curr. Med. Chem., 19, 3763 (2012);
https://doi.org/10.2174/092986712801661112




