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Abstract: It can be argued that in silico studies do not receive enough attention despite being a key part of addressing the limitations of our
laboratory facilities, the high cost of chemicals, and the equipment required for wet laboratory activities. Natural product studies are
demanding higher costs of chemicals, reagents, and varied laboratory facilities. This becomes a serious limitation in getting data from
natural product studies. In silico studies use chemical structures as inputs as well as software and online web servers to generate data to
support, predict, and validate wet laboratory activities. Interaction studies use computational tools to calculate binding energies and other
associated properties. Predictions are based on the structure-activity relationships derived from previously conducted preclinical and
clinical studies. As a main component of in silico studies, the physicochemical and pharmacokinetic properties of small molecules can
be determined using online web servers such as SwissADME and absorption, distribution, metabolism, excretion, and toxicity web
servers. An interaction study uses molecular docking software such as AutoDock, AutoDock Vina, GOLD, and online servers such as
SwissDock. Furthermore, the stabilities of complexes considered in interaction studies can be confirmed using molecular dynamics
simulation software such as VMD. Prediction of activity spectra for substances (PASS) is widely used to predict biological activities for
molecules based on multilevel neighborhoods of atom descriptors. In silico studies have played an important role in medicinal
chemistry, pharmacology, and related research for screening, interaction studies, prediction, and other related purposes. Results of in
silico predictions will not be far from wet lab activities as in most cases these studies consider previously attempted clinical and
preclinical biological activities. Some examples are presented here to encourage the use of in silico studies.
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1. Introduction

Chemistry can be done in the wet lab and on the computer based
on the activities managed so far in the wet lab. The three broad
categories of experiments are in vitro, in vivo, and in silico studies.
In silico studies are those performed on a computer or via
simulation on a computer. Such studies consider previously
attempted activity results for predicting a certain activity using a
computer. Short experimentation performed by computer is
referred to as in silico [1]. In silico studies are more than two
decades old in the scientific community. It is not that much used or
not encouraged to be used here in Ethiopia.
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Science and Technology University, Ethiopia. Email: fekade.b@wldu.edu.et

From a given structure as an input, so many properties can be
computed and predicted using a lot of alternative software and online
servers. The input structure can be generated using dedicated softwares
such as Chemdraw, Avogadro, Chemsketch and online servers such as
PubChem, Chemspider, and others. Structures of macromolecules can
also be retrieved from the Protein Data Bank (PDB) RSC website.

Natural products (NP) and their derivatives are directly or
indirectly linked to several current traditional treatments for
various ailments, which makes them appropriate platforms for
the development of drug prototypes and novel drugs. In the field
of drug development based on NPs, computational methods
have become more often utilized globally. For example, a great
deal of chemical, biological, pharmacological, toxicological, and
structural NP data are available through the creation and
application of NP databases [2].

NP studies involve the scientific investigation of substances
produced by living organisms, such as plants, animals, and
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microorganisms. The key areas of focus in NP studies include the
discovery and isolation of new NPs from various sources,
chemical characterization to determine their chemical structure
and investigation of biological activity for the NPs identified. The
latter two key areas of focus can be supported by using in silico
studies. The advent of in silico tools, which offer superior-quality
predictions, has improved the standard of healthcare research [3].

Phytochemicals, which are complex, non-essential compounds
present in plants, have a major positive impact on human health and
well-being. More than 3000 phytochemicals have been found in
nature thus far [4]. NPs are compounds found naturally in plants,
animals, and microorganisms [5]. NPs exist in the living nature as
a complex mixture which comprises many but in smaller amounts
individually. This made the investigation of NPs mainly towards
drug discovery laborious, environmentally unfriendly, and
expensive due to the use of organic solvents and reagents. Longer
time of investigation is also another limitation of the field of
study. Studying the biosynthetic pathways for phytochemicals and
obtaining complete profiles of crude extracts from modern
methods like GC-MS and LC-MS will be enough to start in silico
studies. This also supports the NP studies to alleviate the major
limitations in the study area. Furthermore, pharmacological
properties and physicochemical studies, molecular interaction
studies, and predictions will enrich the data obtained from NP
investigations. By sharing issues with numerous scientific
domains, the study of NPs is interdisciplinary. A quick yet largely
effective strategy must be used to combat the illness, such as in
the case of the COVID-19 viral pandemic. Sampangi-Ramaiah,
Vishwakarma, and Shaanker were among those who applied the
strategy, which involved utilizing in silico studies to determine the
best substitutes for some of the most widely used natural
ingredients in our kitchens [6]. Moreover, these tools have been
valuable for designing peptide mimetics, optimizing their structure
to improve clinical outcomes, repurposing known therapeutics,
studying potential drugs and identifying drug targets, as well as
investigating the efficacy of NP components in suppressing
COVID-19 infection [3]. Considering the wise use of our limited
resources, we need to do in silico studies before running the
costly wet lab activities. Screening tasks are highly expensive in
the wet lab. It can be done at lower cost using developed
softwares and online servers. The cost of reagent standards and
facilities to run wet lab activities are now becoming the hardest
part of chemical investigations. By using in silico studies, one can
manage cost of investigation, lower environmental risks, plan wise
directions of analysis [7], and above all get the advantages of it as
a preliminary step of investigation. Author noticed the less interest
in in silico activities. While considering investigation time, cost,
and the use of inputs other than chemical products, in silico
studies were found to be preferred as preliminary activities. This
initiates to highlight the Why and How of in silico studies with
examples from NPs investigation.

2. Components of in Silico Studies and Tools

2.1. Physicochemical and pharmacokinetic
properties determination

These days, participation in multidisciplinary activities is
required. Biological and pharmacological activities direct chemical
research efforts in medicinal chemistry studies. Molecular
modeling as a modern medicinal chemistry method has been
applied increasingly often by the pharmaceutical business for the
study of structure-activity relationships (SAR). Pharmacokinetic
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properties like absorption, distribution, metabolism, excretion, and
toxicity (ADMET) and pharmacodynamics data (e.g., potency,
affinity, efficacy, and selectivity) can be generated for medicinal
chemistry research activities through the use of these approaches
[8]. It is essential for pharmacological research to comprehend the
mechanisms via which tiny compounds, or ligands, interact with
macromolecules [9].

A substance’s physicochemical properties include its aqueous
solubility, ionization (pKa), lipophilicity, polar surface area, the
number of hydrogen bond donors and acceptors, physical and
chemical stability, molecular structure, and weight. These
characteristics will affect the pharmacokinetics of NPs, how they
interact with human bodies, and their ability to convert
physiologically active molecules into medicines that are
therapeutically effective [10]. The time-course study of drug
absorption, distribution, metabolism, and excretion (ADME) is
known as pharmacokinetics. By altering the quantities and rates of
drug exposure to tissues, each of these four parameters has an
impact on the pharmacologic activity and therapeutic efficacy of
the molecule as a pharmaceutical. Toxicology screening and
ADME profiling are two of the most important research projects
in the drug development and discovery process. New chemical
entities’ “draggability” is based on their ADME and toxicologic
(ADME/Tox) properties [11].

When developing new medications, it is critical to take ADME
properties into account. This involves doing a drug-likeness analysis
to help determine whether or not to interact with biological systems
inhibitors [12]. Furthermore, inhibitors with poor ADME qualities
and substantial adverse effects on biological systems are often the
primary cause of the majority of failures medicines in the clinical
phase of studies [13].

The Rule of Five, also referred to as Lipinski’s Rule of Five, was
established by Christopher A. Lipinski in 1997 as a general
framework for assessing drug similarity and determining if an
inhibitor with specific biological and pharmacological features
would be an orally active medicine in humans [12]. According to
the rule, a molecule or inhibitor meets the requirements for oral
absorption and activity if two or more of these requirements —
including molecular weight — are met. The criteria for drug-
likeness are linked to intestinal permeability and aqueous
solubility, which control the initial stage of bioavailability during
oral administration [14]. The Egan egg graph, or brain or
intestinal estimated permeation predictive model (BOILED-Egg),
is a graphical representation of the substances’ absorption in the
gastrointestinal system and brain that is created using the
SwissADME online web server [14]. In the yolk region (yellow),
graph molecules are expected to passively flow through
the blood-brain barrier. By considering six physicochemical
properties — saturation, lipophilicity, polarity, size, solubility, and
flexibility — the bioavailability radar offers a rapid evaluation of a
molecule’s drug-likeness [15]. With the same online web server,
synthetic accessibilities for molecules can also be predicted.

2.2. Prediction of activity spectra for substances
(PASS)

Organic substances display biological activity as a result of their
interactions with a variety of biological entities. The biological object
(species, sex, age, etc.), the exposure method (dosage, route of
administration), the properties of the biological assay, and the
features of the substance all affect biological activity. The
biological activity spectrum of an organic molecule is the variety
of biological activities it displays in interactions with different
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biological entities. It represents the “intrinsic” quality of a compound
that is only influenced by its structure [16].

The free online tool PASS Online (http://www.way2drug.com/
passonline) can predict biological activity spectra of organic
compounds for over 8000 different categories of biological
activity with an average accuracy of above 95% using the
structural formulas of organic compounds. Based on the study of
the SARs in the training set — which contains details on the
biological activity and structural makeup of more than 1.5 million
organic molecules — the prediction was generated. Molecular
structural formulas data either in the Mol or the SDF file format
for a structure set are used by the PASS application. “Active” or
“inactive” is how biological activity is qualitatively described in
PASS [16].

Since this was all that was known when the research was first
underway, the two-dimensional structural formula of an organic
compound was chosen to characterize its molecular structure. The
structure of a chemical molecule can be described by unique
molecular descriptors known as multilevel neighborhoods of atoms
(MNA) descriptors [17]. These descriptors were developed using
methods for the “structure-property” relationship problem [18].

For evaluating biological activity profiles or spectra that
describe the intricate interactions between chemical compounds
and biological activities, methods based on ligand structure have
become far more popular. The following conditions restrict the
use of target structure-based approaches for the development of
new drugs: the target macromolecule’s three-dimensional structure
must be known; the dynamics of changes in a protein’s three-
dimensional structure during function; it is challenging to identify
the conformation that is biologically active for conformationally
flexible ligands; and the choice of estimation functions is not
always clear [19].

Additionally, Filimomov et al. [19] included examples of how
to prioritize chemical synthesis and biological activity of chemicals
based on prediction findings and how to use PASS Online in practice.
One of the upcoming trends being considered is the use of PASS
Online as a platform for collaborative academic research efforts
aimed at discovering and developing new pharmacological
medications.

As shown on the help menu of PASS online, the biological
activity types predicted by PASS include:

1) The primary pharmacological effects include hepatoprotective,
anti-inflammatory, and antihypertensive effects.

Table 1. The major characteristics of PASS

2) Mechanisms of action include cyclooxygenase 1 inhibitor,
adenosine uptake inhibitor, and 5-HT1A agonist.

3) Specific toxicities include mutagenic, carcinogenic, and
teratogenic effects.

4) The interaction with anti-targets includes HERG channel
blockers.

5) Metabolic activities (such as CYP1A substrate, CYP3A4
inhibitor, CYP2C9 inducer, etc.).

6) Gene expression influences (such as APOAI1 expression
enhancer, NOS2 expression inhibitor, etc.).

7) Transporter activity (such as sodium/bile acid cotransporter
inhibitor, dopamine transporter antagonist, etc.).

The major characteristics of PASS are summarized as shown in
Table 1.

PASS is a commonly used tool by organic and medicinal
chemists, pharmacologists, and others for biological testing and
synthesis planning. According to the most recent PASS online
usage statistics, in 2023 there are 46 web services, 50,532 users
from 106 different countries, 1,648,227 predictions, and more
than 3,000 articles (http://www.way2drug.com/passonline).

PASS Prediction is utilized in the SistematX Web Portal (http://
sistematx.ufpb.br) to calculate physicochemical (drug- and lead-like)
characteristics and biological activity profiles, as well as to generate
and visualize 1H and 13C nuclear magnetic resonance spectra [2].

2.3. Molecular docking studies

2.3.1. Preparations of molecules for molecular docking

The receptor is available for download from the Protein Data
Bank (rcsb.org/pdb/), and the ligand structure can be obtained
from PubChem (https://pubchem.ncbi.nlm.nih.gov/), built using
ChemDraw, or retrieved from the literature [20]. PROCHECK
analysis on PDBsum should be used to verify the structural
quality of the receptor proteins [21], PROCHECK online server
[22], and QMEAN [23]. The AutoDock suite consists of a set of
free and open-source tools for computationally docking small
molecules and virtual receptor screening. It currently has a
number of supplementary tools: A pre-made computational
docking program called AutoDock Vina uses a simple scoring
technique along with fast gradient optimization using
conformational search. Using a fast-Lamarckian genetic algorithm
(GA) search strategy with an empirical free energy force field,
AutoDock is a computational docking tool. AutoDock Tools

Characteristics ~ Description

Training Set
Can be retrained with new data sets

Include 959,801 drugs, drug candidates, pharmacological, and toxic chemicals.

Biological 8,387 biological activities can be predicted as Active vs. Inactive.
Activity Predicts many, ideally, all known activities

Ease of access  User-friendly interface, one click to get prediction

Chemical Multilevel Neighborhoods of Atoms (MNA) descriptors [19]
Structure Uses only structural formulas (Structure) as input data

Mathematical The Bayesian methodology was chosen after a thorough assessment of several techniques [19];
Algorithm

Validation

Over the entire training set, the average prediction accuracy in LOO CV is approximately 95% [19]; Using major

compounds from the MDDR database, robustness was demonstrated [17]
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(ADT) is the graphical user interface for docking, analysis, and
coordinate preparation. For docking and virtual screening to be
successful, much attention must be paid to the precision of the
coordinates utilized for receptors and ligands. The modified PDB
file format known as PDBQT, which more simply represents the
molecules, is used by both AutoDock and AutoDock Vina [24].

Programs that could be used to prepare and convert the various
ligand files and macromolecule complex types are ADT, OpenBabel
[25], and Biovia Discovery Studio [26]. The ADT edit menu is used
to remove the water molecules from the receptor protein, change its
overall structure, and add polar hydrogen atoms as required. Partial
atomic charges for the ligand file will be computed using the Amber
force field ff99SB, and minimization will be used. After being
reduced the structure will be converted to PDB format [20].

Once the appropriate modifications have been done, we must
carefully examine the coordinate files to ensure that the
protonation state and charges — particularly any metals, if any —
are compatible with the system. As ADT does not provide any
charges for metal ions it would be crucial to add charges
manually to the PDBQT file using a text editor. Receptor
coordinate files that are added to the PDB often have a lot of
problems that need to be fixed, confirming that the coordinate set
has the appropriate biological unit, important residues, or loops
and that structural waters and important cofactors are included [24].

Prior to doing molecular docking simulations, active site
prediction is yet another stage of preparation. Often, docking
ligands to the whole surface of a protein is computationally
prohibitively expensive. The metaPocket method, accessible at
http://metapocket.eml.org, is one of several computational
techniques used to predict ligand-binding sites (Huang, 2009). An
online service called PDBsum provides structural information
about PDB entries [27]. It is also possible to get information
about the active site residues in the receptor protein structure from
PDBsum at http://www.ebi.ac.uk/pdbsum.

Another extensive automated active site detection, docking, and
scoring methodology for proteins with known structures is described
by Singh, Biswas, and Jayaram. The protein’s functional groups that
line the cavities are scored according to their physicochemical
characteristics by the active site finder, which locates all of the
cavities in a protein [28].

2.3.2. Molecular docking simulations

The most widely used structure-based drug design (SBDD)
methods for examining molecular identification events such as
binding energetics, molecular interactions, and induced
conformational changes are molecular docking, structure-based
virtual screening, and molecular dynamics (MD) [29]. Molecular
docking is a widely used technique in SBDD due to its high
degree of precision in predicting the conformation of small-
molecule ligands inside the proper target binding site [30]. After
the development of the first algorithms in the 1980s, molecular
docking emerged as a key instrument in the drug discovery
process. It is simple to perform research on important molecular
processes, such as ligand-binding modalities and the
accompanying intermolecular interactions that preserve the
stability of the ligand-receptor complex [31]. Molecular docking
methods give docked compound rankings based on the binding
affinity of ligand-receptor complexes through quantitative
estimates of binding energetics. Molecular docking techniques use
a cyclical procedure to evaluate the ligand conformation using
specific scoring functions in order to discover the most likely
binding conformations [32].
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Two main types of approaches are used in molecular docking.
One approach estimates energy profiles for docked conformers
of ligand targets using computer simulations. In contrast, the
second tactic makes use of a technique to ascertain whether the
surfaces of the ligand and the target are complementary [33].
Conformational search strategies progressively alter the ligands’
structural characteristics, including their torsional (dihedral),
translational, and rotational degrees of freedom, using systematic
and stochastic search techniques [34]. While stochastic search
strategies perform the conformational search by randomly
changing the ligands’ structural properties, systematic search
strategies promote tiny changes in the structural parameters,
progressively changing the ligands’ conformation. Docking
methods are widely used and employ a variety of search
methodologies, including genetic, fragment-based, Monte Carlo,
and MD algorithms [33]. Depending on the purpose of docking
simulations, there are several types of molecular docking
processes that involve either flexible or stiff ligand/target
combinations.

Stochastic search has been successfully handled by GA in
molecular docking programs like AutoDock and Gold [35]. These
applications are primarily utilized for high-throughput docking
simulations [33]. By applying ideas from natural selection and
evolution theory, the GA method lowers the high processing cost
associated with stochastic techniques.

In molecular docking systems, binding energies of predicted
ligand-receptor complexes are computed using scoring functions.
As per Agarwal et al. [36], the final anticipated binding-free
energy (AGbind) is comprised of the following factors: torsional
free energy (AGtor), dispersion and repulsion (AGvdw), hydrogen
bond (AGhbond), desolvation (AGdesolv), electrostatic (AGelec),
and unbound system’s energy (AGunb). According to Rabbi et al.
[22], the energy fluctuation arising from the development of the
ligand-receptor complex is determined by the Gibbs free energy
(AG) and the binding constant (Kd). The binding energy is
anticipated from an analysis of the major physical-chemical
processes, such as entropic effects, desolvation, and
intermolecular interactions, that are involved in ligand-receptor
binding [37]. Additional parameters to assess the quality and
dependability of the 3D structural model [38] and the stability of
the complex formed between the ligands and receptors [39] are
root mean square deviation (RMSD) values. A dependable
model and stable complexes are indicated by lower RMSD values
[32, 35, 40].

2.3.3. Visualization of docking results

The analysis of binding conformations, the identification of
significant intermolecular interactions, the characterization of
potential binding sites, mechanistic studies, and the clarification of
ligand-induced conformational changes are all made possible by
structural descriptions of ligand-receptor complexes. Once a
ligand-receptor complex has been identified, biological activity
and structural information are linked [32]. Analyzing important
factors, like the presence of certain intermolecular interactions, is
made easier by visualizing the predicted ligand-receptor
complexes. UCSF Chimera [41], VMD [42], Pymol [43], LigPlot
+ [44], and Biovia Discovery studio [26, 45] visualizers are some
of the molecular modeling.

Molecular docking, an essential tool for contemporary research,
can demonstrate a task’s viability if it gets done prior to the
experimental phase of any study. Molecular docking has
revolutionized discoveries in a number of domains. One way to
predict whether an enzyme will be activated or inhibited is to
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observe how small chemicals, known as ligands, interact with protein
targets, which may include enzymes. This kind of information could
serve as a foundation for the development of sensible drugs [33].

A successful NP docking investigation should consider a
number of crucial factors, including the following: (1) Workflow
optimization and validation using cross-docking, redocking, and
test sets from literature; (2) High-quality structural data on ligands
and targets; (3) Biological test system with direct target-ligand
interaction; (4) Scoring function evaluation and rescoring; and (5)
Molecular filters to remove PAINS and select molecules with
desired ADMET properties [46].

2.4. Molecular dynamic simulations

A theoretical method based on resolving Newton’s equation of
motion for an atomic system is called MD simulation. To gain a
deeper understanding of the behavior and stability of receptor-
ligand complexes, this kind of computation is highly helpful.
Based on a high negative docking score, the optimal binding
poses of complexes discovered through molecular docking will be
chosen. To verify the stabilities of the complexes (receptor-ligand)
with high negative score energies produced using molecular
docking, MD simulation can be used [47].

An initial coordinate file with the ligand-receptor complex’s
atomic coordinates is needed for MD simulations. Among the
programs available for MD simulations of biomolecules are
AMBER, CHARMM, GROMACS, and NAMD. Tools like those
included in GROMACS packages, Amber Tools, and VMD plug-
ins can be used for trajectory analysis [48]. It is challenging to
accurately identify, using computational approaches, the correct
position of a ligand within a receptor binding. Predicting the
binding mode using static methods like docking may be affected
by phenomena like polarizability effects, induced fit, which is the
adaptation of nearby residues to the ligand’s presence as well as
the presence of ions, cofactors, or water molecules. The
combination of molecular docking and MD simulations helps to
rectify these issues by giving a more realistic picture, even though
it does not completely eliminate the ambiguity. Although MD
simulations are expensive, new elements of the binding behavior
of ligands can be reached with the use of high-throughput MD
and technology advancements [49].

Future applications and potentials include the combined use of
docking with ligand-based MD, binding-free energy approaches,
artificial intelligence (Al), and statistical techniques. Based on the
information at hand, docking can be used in conjunction with
various in silico techniques to develop integrated workflows that
yield better prediction performances. Additionally, other methods
can be coupled to integrate docking (e.g., docking can be
integrated with binding-free energy calculations and MD to
improve the results of virtual screening). Likewise, many
techniques can be applied at different phases of the screening
procedure to improve docking projections. To identify the
appropriate receptor, for example, MD and Al-based methods
could be combined [50].

Currently, like when it was initially established, molecular
docking is used to help rationalize ligand interaction with a target
of interest and to carry out virtual screening activities based on
the structure. In addition to these uses, it can be employed in
target fishing and target profiling to find a range of targets that the
ligands show high complementarity with; some of these targets
may be accountable for unanticipated adverse drug reactions (off-
targets prediction). Additionally, docking is being used to find
ligands that bind to a variety of chosen targets of interest

Prediction
of adverse
effects

Molecular

Docking

Figure 1. Main applications of molecular docking

concurrently (poly-pharmacology) and to find new applications
for substances that already have enhanced safety profiles (drug
repositioning) (Figure 1) [S0]. With potential uses in therapeutic
repositioning and drug rescue, reverse docking is also a helpful
method for investigating possible targets of small-molecule
ligands [51].

3. Examples on What to Do

Molecular docking studies are the most frequent component of
in silico studies. In silico molecular docking-related articles have
been published much more often over the last 20 years [52, 53].
In the past few decades, molecular docking has been widely used
in both academic and industry settings as a quick and low-cost
procedure. The number of published papers is increasing at a
rapid rate, and new approaches are constantly being developed
[54]. Some of these and other components of in silico studies are
reviewed as follows.

3.1. Prediction of biological activities

Application of dehydrocostus lactone (DHCL) as antineoplastic
(breast cancer) predicted by PASS web server. A frequently used
reference drug in hormonal therapy is tamoxifen, and DHCL has
been used as a ligand. The selection of estrogen receptor alpha
(ER-a) protein (PDB ID: 3ERT) was based on its function in the
growth of breast cancer cells. The optimal conformational pose
for the anticipated receptor-ligand complex to develop was
determined by the application of molecular docking and DHCL
was found to inhibit the ER-a protein. A binding interaction
investigation demonstrates DHCL’s appropriateness for hormone
therapy in the treatment of breast cancer. The use of DHCL as a
medication was validated using the human intestinal absorption
test and the Lipinski rule of five for drug-likeness [55].

After the confirmation of the presence of flavonoids and
phenolic acids using HPLC analysis, PASS online server was
used to predict antioxidant and related activities for the flower
methanol extract of Dodonaea angustifolia. Out of all the
polyphenols that were found and quantified, the results of the
biological activity prediction indicated that the identified

15
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flavonoids had higher antioxidant activities [56]. The spectrum can
be used for proposing mechanism of action for molecules towards a
certain inhibitor. It also helps for developing procedure for wet lab
activities.

3.2. Screening major responsible components of an
extract/EO for a certain bio/pharmacological
activity

A study was conducted to analyze the pharmacokinetics data of
NPs using the in silico method in order to identify the most effective
drugs [57]. Cai et al. presented a pharmacology-based method to
identify NPs with potential anti-cancer properties that can affect
the immune microenvironment. This network-based strategy
provides a valuable tool for identifying leads for tumor
immunotherapy. It could be a useful and complementary approach
to expedite and improve the efficiency of finding promising
candidates for anti-tumor immunotherapy. Moreover, it may have
applications in other complex diseases when combined with
thorough experimental validation [58].

NPs with polypharmacological characteristics have
demonstrated potential as innovative treatments for various
complex illnesses, including cancer. Currently, there is a lack of
understanding regarding the interactions between compounds and
their targets, and it is impractical to experimentally examine every
potential  interaction. Recent advancements in systems
pharmacology and computational (in silico) methods have
provided powerful tools for analyzing the polypharmacological
profiles of NPs [59].

AutoDock 4.2.6 software was used for the in silico molecular
docking analysis which is performed to screen out natural anti-
inflammatory compounds among 412 lichen compounds, Chain A
of cyclooxygenase-2 complexes (PDB ID: 5IKQ) was used for
anti-inflammatory activity. The components of the lichen were
identified as ligands. ADMET and drug-likeness analysis follow
the prediction. Six of the highest-scoring compounds were then
subjected to molecular dynamics simulation (MDS) in order to
evaluate conformational changes and fluctuations during protein-
ligand interaction, as well as the stability of the docked protein-
ligand complex. After 30 ns of MDS, the results of RMSD, Rg,
and interaction energy showed that these Lichen compounds were
quite stable in the Cox-2 active site pocket when compared to the
reference [60]. Binding energies, RMSD and Ki values,
interaction type, and distance are taken into consideration in order
to determine the most likely responsible component for the
treatment goal and observed activity.

Similar to this, Auto Dock Vina 1.2 was used to virtually screen
the key components. The molecular docking target for Dm AChE
(PDB ID: 6XYY) was used to compare the insecticidal activity
[61] of the essential oil components from the aerial part of
Chrysanthemum parthenium, with Malathion and Pirimiphos-
methyl acting as references. In a study by Alshahrani and
colleagues, biogenic compounds were screened using an in silico
approach against the MCM?7 protein in order to identify potential
MCM7 inhibitors [62].

3.3. Helps to confirm results from wet labs

An in silico analysis was used to evaluate A. integrifolia’s
antihypertensive properties [63]. Flavonoids identified by HPLC
analysis, iridoid glycosides identified from A. integrifolia in the
course of the investigation, and those obtained from synonyms
(A. remota and A. bractosa) were taken into consideration in the
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molecular docking study. AutoDock Vina in PyRx 0.8 was used
to study interactions. Using internet servers, the estimated binding
energies and activities, such as vasoprotection and drug-likeness
features, were predicted. LigPlot v.1.4.5 was used for the 2D
visualization of the docking results, while Biovia Discovery
Studio was used for the interactive 3D visualization. In
comparison to enalapril (reference drug: -5.9 kcal/mol), the
binding energies of all 13 candidates evaluated in this study range
from -10.2 kcal/mol to -7.5 kcal/mol. For the most part, hydrogen
bonds are formed by the binding energies. In comparison with
iridoid glycosides, flavonoids were discovered to have higher
substantial binding affinities. Flavonoids have a higher probability
of biological activity than iridoid glycosides, according to PASS
test biological activity prediction. The majority of candidate
compounds’ Drug-likeness characteristics indicated that there
were few exceptions to the Lipinski rule of five.

The traditional use of the aerial part of the concerned medicinal
plant is supported by lower binding energies involving hydrogen
bonding and predicted impacts on hypertension. Rutin, myricetin,
quercetin, and kaempferol are the primary flavonoids that give A.
integrifolia its antihypertensive properties. The investigated iridoid

glycosides  exhibit essentially equal effects on their
antihypertensive activity, although being superior to the reference
drug [63].

Traditional Chinese Medicine (TCM) was computationally
screened for biogenic compounds against the OmpU protein in
order to find potential OmpU inhibitors to treat cholera [64].
Potential anti-shigellosis action was investigated as the aerial
portion of A. integrifolia was traditionally used and shown to be
active against Shigella spp. Because of its part in the growth of
dangerous microorganisms, VcDHO was chosen as a target for
medication. Both the traditional use and the wet lab results
confirmed based on the result of the in silico study [65]. For the
more mature models (such as those based on pharmacological
therapies), their use in supplementing clinical trials can be
considered [66]. A key part of the verification process involves
validating the model by comparing its predictions with real-world
data obtained in in vitro or in vivo. The accuracy and agreement
of this comparison are combined into a single scale based on the
level of risk that could result from incorrect decisions and
undesirable outcomes when using the model. Specifically, the
acceptable difference between computational results and
experimental data ranges from less than 20% when the model
carries a low risk, to less than 5% when the risk associated with
the model is high [66].

3.4. Others

In silico assays’ pivotal role in the global fight against COVID-
19 and some of their applications in biology and medicine are among
the recent reported activities [3]. After noting the promising action of
structurally related anthraquinone compounds against biofilm-
forming marine bacteria, Pereet and colleagues set out to
investigate the anti-fouling potential of other anthraquinone-
related molecules. From the COCONUT NPs database, 2194
chemicals were examined [67]. Six distinct pharmacophore
features were identified in the study, which may aid future
research in locating, evaluating, and creating anthraquinone
structures from the extensive compound library or in the synthetic
synthesis of those that may function independently or in concert
with other additives for anti-fouling targets.

Eruca sativa extract’s in silico ADME/Tox analysis reveals that
the phytochemical compounds found using HR-LC/MS in the plant
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have a notable pharmacokinetic and safety profile. It also
demonstrates that E. sativa’s crude ethanolic extract is a potential
medication option for the management and treatment of a variety
of illnesses as well as for therapeutic uses [68].

Using the Schrddinger suite 2021-4, in silico studies were
conducted to examine the binding mechanisms of four major
analogues: benzothiophene, heteroaromatic chalcones, marine
sesquiterpene, and sesquiterpene lactone — against ER-a targeting
for breast cancer. The ADMET screening was managed by the
QikProp module, the ligand-binding energy was determined by
the Prime MM-GB/SA module, and the molecular docking studies
were completed using the Glide module. Comparing
benzothiophene analogue BT_ER_15f (G-score —15.922 Kcal/
mol) to the standard medication tamoxifen (Docking score
—13.560 Kcal/mol), the former exhibited the greatest binding
activity against the target protein [69].

TCM database was screened using a docking-based approach to
find potential IL-1f inhibitors that target the IL-13/IL-1R interface
and have ideal pharmacological properties. In order to extract the
candidate compounds, the docking-based screening was primarily
carried out by picking the important residues of the IL-1p
interface. Subsequently, the compounds were reduced further
based on their binding scores and significant interactions with the
important residues of IL-1p [70].

A database containing 3128 phytocomponents from 268
medicinal plants that are listed in the Russian Pharmacopoeia has
been produced by lonov and his colleagues. The PASS software
was utilized to estimate the biological activity profiles and
physicochemical features of the compounds, adding to the existing
information about them [71].

An in silico activity prediction and docking study of various
flavanol derivatives as anti-prostate cancer drugs was based on
Monte Carlo optimization. The study was conducted to investigate
the mechanistic interpretation of natural flavanols docked into the
active site of Human Cytochrome P450 CYP17A1 (PDB:
3RUK) [72].

Evaluating the relationship between possible inhibitors and
their viral targets, creating new preventive and therapeutic drugs,
evaluating previously unidentified molecular structures, and

Natural Products Studies

Plants | animals
extracts

Screening |
Fractionation

Natural
Products

Natural Products Rich in Data form in silico studies

classifying COVID-19-related data using Al and deep learning
techniques have all benefited greatly from the use of in silico
approaches [57]. Aghajani and colleagues reported on the
possibility of designing novel inhibitor drugs without resistance
through the use of molecular docking and molecular dynamic
simulations [73].

According to a recent study, certain FDA-approved medications
have anti-CHIKYV effect that may be further used to combat CHIKV.
A prioritization process can be used to determine which medications
have the greatest potential for in vivo validation studies in small
animals and subsequent trials aimed at repurposing them against
both DenV and ChikV [74]. A summary of interventions of in
silico studies towards NP studies is shown in Figure 2.

4. Advantages and Limitations of in Silico Studies

Ethics approval or specialist equipment are usually not needed
for in silico investigations since they do not involve the use of human
subjects, animal models, or cell culture. A well-established
medication’s suitability for a novel condition can be promptly
determined by molecular docking studies, which can also be used
to investigate possible off-target interactions and their possible
negative effects. All you need is a computer and the required
software to easily and affordably execute analyses. In comparison
with other research methods, results are obtained rather quickly.

Wet lab tests are still necessary to validate the interactions
between tiny molecules and proteins in the actual world. The
results of molecular docking studies investigating a drug’s
possible effectiveness in treating a disease typically do not
transfer well to use in humans, animals, or cells. Because docking
approaches use basic scoring algorithms, they are not very
accurate in estimating binding energies, despite their undeniable
benefits. Typical molecular docking techniques are unable to
reliably predict enantiomer pairings [75].

The reliability and relevance of computer-based models, such as
quantitative SARs, depend greatly on quality assurance during both
the model development and prediction stages. If we begin with
highly reliable and relevant experimental input data, there is a
high probability that non-test methods can produce useful results
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Figure 2. Summary of the uses of in silico studies in the natural product studies
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and that the model’s outputs will be acceptable to end-users, such as
industry and regulators [76].

Despite the unanimous recognition of the added value of in
silico models for drug development, including systems medicine/
pharmacology models and clinical trial simulation tools, there is
currently an unmet growing need for specific guidance documents
related to these models [77]. Among the fewer attempts a scheme
for model verification that can be applied across a variety of
model types (e.g., structural alerts, QSAR, molecular interactions)
has been developed by Hewitt et al. [78].

5. Conclusion

Considering the limitations of our lab facilities, it would be better
to use in silico studies to plan, support as well as validate wet lab
activities. In silico studies can support NPs studies through
screening the most significant components and adding more
important data for the NPs in concern. In silico activities are not as
such difficult to use. Starting with simple structures as an input and
uses user-friendly software’s to generate useful data for the purpose
aforementioned. In silico studies are found to be fast and effective
and can be managed repeatedly with low cost. For further
considerations, in silico studies can be integrated with computational
studies for calculating chemical descriptors for a compound, energy
minimization, and computing scoring functions. Programming skills
are not mandatory for ordinary use, and if programming skills are
added, a lot can be done towards solving the existing problems/
limitations found while running in silico studies.
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