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ABSTRACT

The scientific fields of biology, engineering, and chemistry use regression or classification models referred to as QSAR. The
biological activity of the compounds may be the QSAR response variable. The physico-chemical characteristics of the
substances or their theoretical molecular descriptors serve as predictors in QSAR modelling. First off, QSAR models
summarise a chemical data set's purported link between chemical structures and biological activity. QSAR models also
foretell the behaviours of new substances. The given quantity of a drug needed to produce a particular biological response
can be used to quantify biological activity. Additionally, a mathematical relationship, or quantitative structure-activity
relationship, can be found when physicochemical attributes or structures are stated in numerical form. If rigorously
validated, the mathematical formula can then be utilised to forecast the modelled reaction of different chemical structures.
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INTRODUCTION

Various chemical and physical molecular properties are used in quantitative structure activity
relationships (QSARs), a subset of structure properties correlations, to characterize the relationship
between structure and property. QSARs are used in drug receptor interactions [1-4]. Since the development
of low-cost, high-speed computing technology in recent years, these QSARs are widely used in medicinal
chemistry [5].They rely on the capacity to analyse connections between physical attributes and biological
function. Biological activity is defined as a linear free energy relationship in this method is unquestionably
helpful for anticipating active molecules before simple cumulative synthesis, as well as for examining, albeit
indirectly, the nature of the forces that interact between a drug and a receptor. The fact that the ligand
occupies three dimensions allows the QSAR technique to be expanded [6]. In essence, QSAR is the
application of techniques to determine a correlation between the structural descriptors of chosen
molecules and their activities. They can be determined empirically or with the aid of computation
techniques. The activities that are employed in QSAR to compare with its descriptors typically involve
chemical dimensions and biological testing. Many domains related to drug design are currently making use
of QSAR techniques. However, there were several issues that came up when scientists tried to use
Hammett-type connections for biological systems, which revealed that the other structural descriptors
were equally crucial for QSAR analysis [7, 8]. According to Corwin Hansch's research on the significance of
lipophilicity as a metric for compounds, the octanol(oil)-water partition coefficient (log P) is a measure of
how well certain compounds perform biologically [8]. It has been shown that using this metric to estimate
the compound's bioavailability is useful. In order to link a structural characteristic like lipophilicity to the
actions of compounds, various correlations were subsequently constructed.

log P is showing below:

=Log (%) =alogP+Y ... (1.1)

Where,
log P = Partition Coefficient
y = Constant value
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C = concentration (molar) of compound producing standard response (e.g., EDso, LDso, ICso, etc.).
Technically, the QSAR method makes use of characteristics that have been ascribed to a variety of chemicals
groups and can be used to change the structure of drugs. Any description of a compound can be interpreted
as the degree to which its group actually contributes to each individual property of the parent compound.
Consequently, it is acknowledged that choosing the parameters is a crucial step in QSAR analysis.

The several descriptors that are typically used in QSAR research are as follows.

Thermodynamic Variables

Melting Point: The capillary method and the use of a thistle tube can be used in experiments to estimate it

for compounds with higher melting points.

Partition Coefficient (LogP): (octanol (oil)/ water partition coefficient), which measures a molecule's

hydrophobicity, is a technical measure. The following equation provides a scientific explanation for it.

[solute]oct Log Poct/water = Log
[solute]unionized/water

The ratio of the concentration of the unionised chemical dispersed between two solutions or airrerent

natures (organic and aqueous) can be used to define the value of Log P. By altering the aqueous phase's pH

level so that the dominant form of the molecule doesn't become ionised, the log P value of ionizable solutes

can be found [9, 10].

Heat of Formation: The degree of a molecule's relative thermal stability is determined by the amount of

enthalpy needed to construct the molecule from each of its component atoms. It is estimated using

quantum-chemical methods and is useful for modelling chemical reactions, intermolecular interactions,

and conformational analysis, among other things.

Molar Refractivity (MR): The refractivity of molar is useful since it may be used to determine a

compound's volume and polarisation susceptibility.

The volume in part of this equation is given by the compound's molecular weight divided by its density,

and the term known as (n2 - 1)/(n2 + 1) provides a corrective factor that can be used to gauge how easily

polarizable a substituent is. The presence of pi electrons or a lone pair of electrons in a compound's

substituent has major implications. It can be inferred that the substituent will attach to a polar surface if

the molar refractivity value in the QSAR equation is positive, whereas a negative sign suggests steric

hindrance at the site of the substituent's binding.

Energy Stretching:

Stretching energy is the term used to describe the energy required to stretch the bonds. By considering

that the bond connecting the two atoms operates as a mechanical spring that obeys Hooke's rule, it is

possible to calculate the stretching bond energy for pairs of atoms that are connected by a single link.

Torsion Energy:

Stretching energy, denoted by the symbol ETorsion, is mathematically expressed as the bond energy

resulting from conformational changes in the bond.

Energy VDW:

The Van der Waals energy of a molecule refers to the energy expended during a molecule's interaction with

its receptor. Van der Waal energy, denoted as EvdW, can be derived directly from the Leonard-Jones

potential equation.

Electronic Parameters

Energy Bend:

E bend is calculated as: E bend is defined as the change in bond energy caused by modification of the

molecule's bond angles.

HOMO Energy:

In a molecule with electrons present, HOMO is regarded as having the greatest energy level. It assists in

determining numerous characteristics as well as a molecule's molecular reactivity. When compared to

molecules with inferior HOMO energy levels, those with superior HOMO energy levels are better at giving

away their electrons and are hence a little more reactive. Thus, it is clear that the HOMO energy descriptor

can be used to calculate a molecule's nucleophilicity.

LUMO Energy

The lowest as energy level of a molecule, or LUMO, is one in which no electrons are present. As a result, it

might be acknowledged as a crucial limitation in understanding the characteristics and molecular reactivity

of a molecule under study. A molecule is said to receive the involved electrons at its LUMO energy level

while acting as a Lewis acid theory in the creation of a bond. When compared to molecules with greater

LUMO energy levels, molecules with inferior LUMO energy levels are better at receiving their electrons. So

it makes sense that the LUMO energy descriptor can be used to determine a molecule's electrophilicity [13].
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Steric Parameters

The Ovality:

This technical language can be understood as the range of the molecular core's cross sectional deviation
from perfect ovality.

A shell's or molecule's internal ovality can be defined as 2 ((a-b))/((a+b)), where a and b stand for the
lengths of the major and minor axes, respectively. In terms of mathematics.

Moment of Dipole: The dipole moment aids in determining a molecule's orientation and strength in an
electrostatic field. The Debye units (D) are used to calculate this 3D electronic description.

Connolly Solvent Accessible Area: It is a steric descriptor which helps in determining the molecule's
surface area that is interacting with the solvent. This descriptor allows for a negative coefficient in the
model, which suggests a growth in the size of the implicated substituent and, as a result, clarifies that the
accessible surface area of the molecular solvent does not operate to promote the activity of the molecule
under investigation.[14,15]

Connolly Molecular Surface Area: The molecular surface (MS), which is a single sheet that is composed
of the merger surface and the candidate surface, is continuous. The merger surface is part of the van der
Waals surface that a probe sphere can reach. The candidate surface, however, is the probe's interior surface
when it comes into touch with two or more atoms. It goes by the name of Connolly surface.

Connolly Solvent Excluded Volume: The volume that is limited inside the molecular surface when itis in
use or in contact is known as the Connolly solvent excluded volume. The limit of the grouping of all potential
probes that do not pierce the molecule itself is known as the solvent-excluded surface (SES), often referred
to as the molecular exterior.

Principle of Movement of Inertia (X,Y,Z): The total body's moment of inertia with respect to one of the
major axes (X, Y, or Z) is the definition of principle moment of inertia. A series of straight lines through the
centre of mass are used in the calculation.[16,17]

Discovery and layout

From a blind screening approach that seeks to find chemical hits largely through a process usually referred
to as "rational" drug discovery and layout, the search for hit molecules with the ability to work as tablets
has substantially improved. The ACE inhibitor Capoten (captopril), which was created in the 1980s, was
the first medication to maximise the use of structural information. The HIV protease inhibitor (Viracept),
which was introduced in 1997, was the first drug with a design that was totally pushed through the form
of the target accepted for the American market. These results signalled the beginning of an intense search
for computational methodologies, techniques for increasing and developing new drugs, and better, faster,
and less expensive treatments. [18,19]
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Figure 1.2 Computer-aided drug discoveries
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Figure 1.3 Steps involved in Computer based drug discovery process

Ligand and shape based methods
Evidence of the effectiveness of computational drug design in the field of drug development includes a wide
spectrum of novel therapeutic entities that are presently undergoing clinical investigation.

Ligand-based totally strategies
Utilise present knowledge of active compounds to make predictions about novel chemical entities that will
behave similarly. To identify the minimal essential structural properties a molecule must have in order to
bind to the target of attention, a library of compounds can be used to build a pharmacophore model from a
single considered energetic molecule. Utilising fingerprint-based similarity searches, which represents
molecules as bit strings that signal the presence or absence of predetermined structural characteristics, the
energetic molecule is frequently compared to the library.
Structure primarily based strategies
The fact that active ligands are not necessary beforehand is one advantage of the structure-based drug
creation techniques. It is possible to build novel ligands with therapeutic properties from a drug's three-
dimensional structure. Structure-based techniques help the development of novel medicines since they
help create and refine the original lead molecule. It has been a popular practise in virtual screening to
combine ligand- and structure-based techniques because it has been hypothesised that doing so can
increase the advantages and minimise the drawbacks of each strategy.[ 20.21]
Ligand-based methods
The idea of molecular similarity states that the effectiveness of a novel drug design is often demonstrated
by pointing to the characteristics of existing ligands. Molecules with high structure similarity are more
likely to have same hobby data. This technique, which is thought of as a backdoor strategy for drug
discovery, can also be used when the three-dimensional shape of an objective is ambiguous or uncertain
[22,23].
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Figure 1.4 Ligand based method of molecular docking

Structure-primarily based techniques

In this technique, utilising the target as a mould, the interaction with any minuscule molecules present in
the chemicals library is computationally simulated. Then, only people whose physiques looked better on
the binding web page are chosen. The ligand's steric complementarity can be adjusted to boost the affinity
for the receptor if the binding site is known. In fact, by targeting specific ligand portions that fit poorly in
the complex's active site online, chemical modifications to decrease the active capacity by decreasing
Vander Waals contacts can be hypothesised, increasing complementarity with the receptor. Similar to this,
the chelate structure can be purposefully changed to enhance the receptor's electrostatic complementarity.
[24,25].

Molecular Docking

Molecular docking is a well-liked method of molecular simulation that looks at how the ligand and target
interact. The target and ligand's real interaction is virtually simulated by the docking technique.
Additionally, it forecasts the optimum ligand orientation and shape within the binding site. Docking
determines the preferred alignment of one small molecule to a target in order to produce a stable complex.
There are various processes involved. Small molecules are first docked onto the target's active web page
using docking methods. Three tasks are primarily carried out by docking programmes. Potential ligands
are selected from a library of chemical compounds using docking applications. They can also predict the
binding characteristics of known or potential ligands. Finally, these systems determine compounds thatare
significantly more likely to engage the therapeutic target by computing probable binding affinities based
on the anticipated binding pose. Large chemical libraries have been effectively screened by docking
algorithms, which have resulted in a more manageable subset that is rich in binders. In circumstances
where there are real interactions, the anticipated ligand posture often matches well with empirically
determined protein chelate complexes. Shape and based general approaches have been successful in
discovering new drugs, despite the fact that binding posture prediction is one of its strengths [26].
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Structure -based (pharmacophore) modeling

According to the methodology of shape-based (pharmacophore) modelling, which comprises an
assessment of the complementary chemical activities of the active website and their spatial interactions, a
subsequent pharmacophore model is constructed with preset features. In this example, it is shown that a
pharmacophore can be created fully (without ligand) or partially (with ligand) based on research into the
target binding website (macromolecule). The fact has made it feasible to digitally screen huge libraries of
chemicals using a pharmacophore at minimal cost and quickly [27].

Virtual screening

Virtual screening entails picking compounds using computer techniques from vast databases as opposed
to direct physical screening them. Using this method, active part of compounds that might alter a certain
molecular route can be promptly discovered. Virtual screening is far superior to physical screening in many
ways. It takes much less time and assistance overall. Additionally, virtual screening can be used to evaluate
drugs that aren't yet on the market; if any intriguing compounds are discovered, they can be obtained or
created [28].

Successful aspect of computational drug discovery:

Rapid improvements in CADDD technologies and methods have accelerated drug development process by
make it possible to quickly and economically screen and synthesise vast libraries of compounds. Many jobs
related to the hunt for improved or innovative tablets have successfully used these techniques during the
past few years. Examples of selected inhibitors that were developed using computational chemistry and
logical drug design techniques [29].

APPLICATION

The statistical significance and prognostication of QSAR models determine their use. The molecule being
predicted must fall inside the model's application domain in order for the QSAR prediction to be legitimate.
The training set's molecular composition, along with the model descriptors and modelled response, make
up the applicability domain, a theoretical region of the chemical universe. The leverage approach can be
used to determine whether a novel chemical falls within the range of application. Interpolation from
training sets using Jawors is another strategy. Stan Forth and colleagues' cluster-based approach

CONCLUSION

The QSAR models can be employed for predicting the actions of untested compounds, among other uses.
Through molecular modelling, simulation, and virtual screening of various possibilities before synthesis,
computer-aided technologies contribute in the rational design of drugs. The concept, a brief history, and all
the components involved in given modeling were covered in this review article.
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