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Abstract: In recent years, there has been a significant
rise in interest regarding nutraceuticals, which are
bioactive substances derived from food that can have
beneficial effects on health. These compounds serve both
medicinal and preventive purposes. As the demand for
innovative and effective neutraceuticals grows,
molecular docking has become a valuable computational
technique for examining the intricate interactions
between these bioactive compounds and their target
proteins. This article provides a comprehensive overview
of the current applications of molecular docking in
neutraceutical research and emphasizes its essential role
in understanding the complex relationships between
neutraceuticals and their biological targets. By offering
insights into the field through the perspective of
molecular docking, this review aims to enhance
knowledge and support the creation of new
neutraceutical interventions to promote human health.
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1.0 INTRODUCTION

Molecular Docking has become an essential aspect of
in-silico drug development in recent years. This
technique involves predicting the interaction between
a small molecule and a protein at the atomic level.*
This enables researchers to study the behavior of small
molecules, such as nutraceuticals, within the binding
site of a target protein and understand the fundamental
biochemical process underlying this interaction.? The
technique is structure-based and requires a high-
resolution 3D representation of the target protein
obtained  through  techniques  like  X-ray
crystallography,  Nuclear Magnetic  Resonance
Spectroscopy, or Cryo-Electron Microscopy.®

There are several computational tools and algorithms
available for molecular docking techniques, both
commercial and free-of-charge. These programs and
tools have been developed and are currently being
used in drug research and academic fields*. AutoDock
Vina, Discovery Studio, Surflex, AutoDock GOLD,
Glide, MCDock, MOE-Dock, FlexX, DOCK,

LeDock, rDock, ICM, Cdcker, LigandFit, FRED, and
UCSF Dock. Among these programs, AutoDockVina,
Glide, and AutoDock GOLD have been identified as
top-ranking choices with the best scores.® The utility
of Molecular Docking in drug discovery and design
has been well-established®.

2.0 MOLECULAR DOCKING

Molecular docking aims to predict the ligand-receptor
complex through computer-based methods.** The
process of docking involves two main steps which
include sampling the ligand and utilizing a scoring
function.*? Sampling algorithms help to identify the
most energetically favorable conformations of the
ligand within the protein's active site, taking into
account their binding mode. These confirmations are
then ranked using a scoring function.®

Molecular docking is the most common computational
structure-based drug desing (SBDD) method and has
been widely used ever since the early 1980. It is the
tool of choice when the three-dimensional(3D)
structure of the protein target is available. Molecular
docking popularity has been facilitated by the dramatic
growth in availability nd power of computers, and the
increasing number of and ease of access to small
molecular and protein structures.

3.0 TYPES OF DOCKING

A technique for creating, characterizing, and altering
compound topologies and interactions as well as the
properties of these molecules that depend on their
threedimensional geometries is molecular modeling
14, During the last 20 years, the development of
molecular simulation (MS) technology has exhibited
significant progress, especially since the 2013 Nobel
Prize in Chemistry was awarded. As of right now, free
energy calculation, molecular docking, homology
modeling, and molecular dynamics simulation are all
included in MS technology. The most popular
approach among these in molecular modeling research
is molecular docking .*°
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(a) target and ligand as rigid bodies;

(b) ligand as a flexible body and target as a rigid
substance; and

(c) both target and ligand as flexible body.

4.0 METHODS IN MOLECULAR DOCKING

Molecular docking turned out to be a powerful tool in
drug discovery. The first molecular docking algorithm
was introduced in the 1980s and later methods in
molecular docking have evolved drastically. Now, it
is possible to analyze important molecular events such
as binding conformations of the ligand and its
interactions with the receptor that alleviate the ligand-
receptor complex. Modern molecular docking
algorithms exhibit the potential to quantitatively
envisage binding energetics to categorize the docked
ligands based on the binding energies of their
complexes with the receptors. This section will
introduce different existing molecular docking
methods.

4.1 1 .Conformational search methodsThe basic goal
of conformational search methods is to recognize the
energetically favorable binding conformations of the
ligand-receptor complex.

4.2 2 .Systematic methodsSystemic methods tend to
perform an exhaustive and ordered search for the
conformational landscape of the ligand by
systematically varying its degrees of freedom. This
method identifies all the combinations of structural
constraints.

4.3 3. Stochastic\random methodsGenetic algorithm
(GA) is an exciting application of stochastic search
algorithm where conformational optimization is
carried out through the process of natural selection and
genetics.

5.0 SEARCH ALGORITHMS

The principal target of the search algorithm is to locate
every single imaginable direction and conformation of
the protein combined with the ligand*®.

The search algorithms are classified as shown in

Fig. 1.
f‘\

L 5
a8 Systematic or S Stochastic or
W& Direct Method P Random methods [
, B A >

Information Fragmentation Monte
search Carlo

Figure 1: Classes of search algorithm mechanisms.
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6.0 SCORING FUNCTION

By applying virtual screening, ligands are evaluated
according to their binding affinity, which aids in the
evaluation of which ligand structure and rotation is
most  advantageous concerning the receptor
(protein).t®

According to Fig. 2, four main groupings make up the
scoring function.
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Figure 2 Classes of scoring function mechanisms

7.0 MOLECULAR DOCKING SOFTWARE

In many drug discovery initiatives, molecular docking
has become crucial, especially for the virtual screening
of phytochemicals or nutraceuticals as possible
therapeutic compounds. Irwin Kuntz of the University
of California created the first docking program in the
middle of the 1980s, and efforts are constantly being
made to enhance docking computations. Current
developments in docking techniques identify an
enzyme’s natural substrates to forecast its capacity.?

8.0 HIGHLIGHTS OF MOLECULAR DOCKING
SOFTWARE

Many programs are available for docking, and some of
the most popular ones are discussed in this section.

8.1 Dock

Dock is a molecular docking software developed by
the UCSF Chimera team. It is a user-friendly tool that
can be used to dock small molecules into a receptor-
binding site. Dock uses a grid-based method to
evaluate the binding affinity of ligands to the receptor.

8.2 Autodock

Autodock is a widely used molecular docking software
developed by the Scripps Research Institute. It is a
free, open-source software that can perform both rigid
and flexible docking. Autodock uses a Lamarckian
genetic algorithm to optimize the placement of ligands
within a receptor binding site
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9.0 GENETIC OPTIMIZATION FOR LIGAND
DOCKING (GOLDTM)

GOLD is a protein—ligand docking software that offers
several key features. It allows for the inclusion of spine
and side chain adaptability in computations and uses
user-defined scoring functions that can adapt
accordingly.

10.0 REPRESENTATION OF MOLECULAR
DOCKING

Generally, the Docking process can be represented in
a flowchart as shown in Fig. 3.

S

Figure 3:A prototype flow chart of a molecular
docking study.

11.0 GENERAL APPLICATION OF MOLECULAR
DOCKING

11.1 Hit identification/virtual screening:Molecular
docking is widely used in hit identification in drug
discovery. It helps in identifying potential drug
candidates by predicting the binding affinity of small
molecules to a protein or receptor of interest. Docking
can be used to screen a large database of small
molecules to identify those that can bind to a protein
of interest with high affinity32.

11.2 Lead optimization:Once a hit compound is
identified, molecular docking can be used to optimize
the lead compound's structure to improve its binding
affinity and selectivity. Docking can also be used to
design new analogs by predicting the binding modes
of modified structures.33

11.3 Bioremediation:Molecular docking is used in
bioremediation to predict the binding affinity of small
molecules to enzymes involved in the degradation of
environmental pollutants. Docking can help in
designing inhibitors or activators of these enzymes to
enhance bioremediation efficiency®*.

12.0 NEUTRACEUTICAL

In 1989, a term called “nutraceutical” was coined by
DeFelice and the Foundation for Innovation in

Medicine, combining the words “nutrition” and
“pharmaceutical”®. A press release in 1994 defined
nutraceuticals as substances that provide medical or
health benefits and can be considered food or a
component of food, including disease prevention and
treatment®. As further explained by Raj et
al.nutraceuticals can include a wide range of
substances, such as isolated nutrients, dietary
supplements, diets, herbal products, genetically
engineered designer foods, and processed foods like
cereals, soups, and beverages.

13.0 CLASSIFICATIONS OF NUTRACEUTICALS

Several authors used different methods to classify
nutraceuticals. However, this seminar considers the
food availability framework according to Bairagi and
Patel.
Therefore, nutraceuticals are classified as shown in
Fig. 4.
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Figure 4 Classification of nutraceuticals.

14.0 INDUSTRIAL DYNAMICS OF
NUTRACEUTICALS

The popularity of cannabis together with its
byproducts in nutraceuticals is on the rise, as they are
believed to offer a wide range of health benefits
Nutraceuticals containing cannabidiol, the active
ingredient derived from cannabis or hemp, are
becoming increasingly popular. As cannabis becomes
legal in more countries, further research is being
conducted to determine the potential benefits and risks
of cannabis-based products. It is expected that the
trend toward cannabis-based nutraceuticals will
continue to grow as more consumers become aware of
their potential health benefits.*®

15.0 NUTRICOSMETICS

According to Bairagi and Patel, nutricosmetics are
supplements aimed at enhancing the health and
appearance of the hair, skin, and nails. As consumers
increasingly prioritize natural and holistic approaches
to augment their physical appearance, the demand for
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nutricosmetics is expected to surge. Taeymans et
al. suggest that this trend will continue to gain
momentum as consumers become more health-
conscious and seek multifaceted benefits from the
products they purchase.44

15.1 Sports nutrition space As interest in fitness and
sports-related activities increases, so too does the
demand for products that can improve athletic
performance and overall health. Accordingly, Bairagi
and Patel .7 noted that this trend has led to rapid
growth in the sports nutrition market, with no signs of
slowing down.

15.2 Seed oil as nutraceutical deposit Seed oils, such
as flaxseed oil as well as chia seed oil are becoming
popular as a source of essential fatty acids and other
nutrients.45 these oils are being incorporated into a
wide range of nutraceutical products, including
supplements and functional foods. The trend toward
using seed oils as a nutraceutical deposit is expected to
continue as consumers seek out more plant-based
sources of nutrients46.

16.0 MOLECULAR DOCKING VALIDATIONS
OF NUTRACEUTICALS TARGETS IN DISEASES

Molecular docking validation is a computational
approach that is increasingly being used in the field of
nutraceutical research to identify potential targets for
the management of various diseases. Nutraceuticals
are naturally occurring compounds that have potential
health benefits and are found in food sources such as
fruits, vegetables, and herbs.46 With the rise of
chronic diseases such as diabetes, cardiovascular
disease, and cancer, there is a growing interest in the
use of nutraceuticals as a complementary approach to
conventional medical treatments.7 Molecular docking
validation can help researchers identify potential
nutraceutical targets for disease management,
providing a more efficient and cost-effective way to
screen potential treatments before proceeding with
costly clinical trials. This method makes drug
discovery more ethical since it lessens the need for
animal testing throughout the development of novel
medicines.47

17.0 MOLECULAR DOCKING DISCOVERY OF
NUTRACEUTICALS TARGETS

Molecular docking is a computational technique used
to predict the interactions between small molecules,
such as nutraceuticals, and larger biomolecules, such
as enzymes, receptors, RNA, DNA, and other proteins.

The technique involves the simulation of the
molecular interactions between the small molecule
and the target biomolecule, which can provide insights
into the binding affinity, binding site, and possible
mechanism of action.

CONCLUSION

Molecular docking proves valuable in pinpointing
molecular targets for nutraceuticals in treating
illnesses. It predicts binding affinity and
conformation, aiding in the identification of potential
treatment targets. The accessibility of databases and
advancements in computational tools elevates
molecular docking's significance in drug discovery. Its
application enhances the efficiency and effectiveness
of the drug discovery process, reducing time and costs
associated with traditional experimental methods.
Consequently, incorporating molecular docking in
dietarysupplement research holds significant promise
for discovering novel therapeutic targets and
developing safe and effective supplements for disease
treatment.
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