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Abstract

Bioactive compounds derived from plants and animals have long been the subject of scientific inquiry
due to their potential therapeutic properties. These compounds are the focus of various fields, including
pharmacology, food science, and environmental studies, due to their diverse mechanisms of action in
biological systems. The identification and analysis of these compounds are crucial for the development
of new therapeutic agents. Computational tools, particularly in silico tools, have revolutionized the
process of identifying bioactive compounds, enabling researchers to predict molecular interactions,
biological activities, and toxicity profiles before experimental validation. Various computational
techniques, such as molecular docking, virtual screening, and molecular dynamics simulations, have
proven essential in understanding the structure-activity relationship (SAR) of bioactive compounds.
This review focuses on the application of computational methods in the identification and analysis of
bioactive compounds from plants and animals. By reviewing relevant studies, we aim to demonstrate
how computational models have facilitated the identification of new potential drug candidates and
improved the efficiency of drug discovery. Additionally, the review discusses the challenges faced by
these approaches, including the need for accurate biological data and the complexity of predicting
compound bioactivity in vivo. We also highlight the future prospects of computational approaches in
the context of personalized medicine and the integration of machine learning algorithms to enhance
prediction accuracy. This review provides an overview of how computational tools are shaping the
future of bioactive compound research and their applications in various therapeutic areas.
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Introduction

The discovery of bioactive compounds, particularly from plant and animal sources, has
significantly impacted the field of drug development. These compounds possess various
pharmacological properties, including antioxidant, anti-inflammatory, antimicrobial, and
anticancer activities, which make them valuable candidates for therapeutic applications F1.
The complexity of natural compounds, however, often makes their identification and
analysis a challenging task. Traditional methods of drug discovery involve time-consuming
and costly experimental procedures, making the need for efficient, cost-effective alternatives
evident. In recent years, computational approaches have gained prominence as powerful
tools in drug discovery, offering a faster and more reliable way to identify bioactive
compounds from complex biological matrices 2.

Computational techniques such as molecular docking, molecular dynamics simulations, and
virtual screening have become indispensable in understanding the interaction between
bioactive compounds and their molecular targets. These methods allow researchers to predict
the binding affinity and biological activity of potential drug candidates before initiating
costly laboratory-based experiments . For example, molecular docking simulations help in
predicting how bioactive compounds from plants and animals interact with target proteins,
providing valuable insights into their therapeutic potential . Virtual screening further
enhances this process by enabling the systematic evaluation of large compound libraries
against target molecules, thus accelerating the identification of promising candidates for drug
development [,

However, while these computational approaches offer significant advantages, challenges
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remain in ensuring the accuracy and reliability of
predictions. One of the primary issues is the availability of
accurate data on the biological targets of compounds, which
is essential for creating reliable predictive models [,
Additionally, the complexity of predicting in vivo activity
and toxicity remains a significant hurdle ["1. The aim of this
review is to highlight the current state of computational
methods in bioactive compound identification and analysis,
discuss their limitations, and explore future directions for
integrating advanced machine learning algorithms to
enhance prediction accuracy . Through this, we seek to
provide a comprehensive understanding of the role of
computational approaches in drug discovery.

Materials and Methods

Materials

The materials used in this research include a variety of
computational tools and databases to analyze bioactive
compounds from plant and animal sources. Computational
software such as AutoDock Vina 1 and GROMACS ¥
were employed for molecular docking and molecular
dynamics simulations, respectively. These tools were used
to predict the binding affinity and stability of bioactive
compounds with target proteins. Additionally, the Protein
Data Bank (PDB) M was utilized to obtain protein
structures, and the ZINC database [*? was accessed for
obtaining bioactive compound structures from plant and
animal sources. The compounds selected for the research
were chosen based on their known pharmacological
activities as reported in previous research [°l. These
compounds were subjected to molecular docking studies to
predict their potential as drug candidates. The chemical
properties of these compounds, including their molecular
weights, polar surface areas, and solubility, were further
assessed using ChemBioDraw 141,

Methods

The computational approach to the identification and
analysis of bioactive compounds involved several key steps.
Initially, the three-dimensional structures of bioactive
compounds were retrieved from the ZINC database 2 and
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converted into suitable formats for molecular docking
simulations. Molecular docking studies were performed
using AutoDock Vina [, where the compounds were
docked against target proteins from the PDB [, The
binding affinities and interaction energies between the
compounds and the target proteins were analyzed to predict
their potential therapeutic activities . Molecular dynamics
simulations were then conducted using GROMACS 1% to
assess the stability and flexibility of the protein-ligand
complexes over time. The results of these simulations
provided insight into the dynamic behavior of the bioactive
compounds and their potential efficacy in vivo 3. To
further validate the computational predictions, the
pharmacokinetics of the compounds were evaluated using
ADMET prediction tools [*l, The toxicity profiles were also
assessed based on the predicted interactions with human
proteins, focusing on identifying any potential adverse
effects. The reliability of the computational models was
checked by comparing the predicted results with available
experimental data from the literature [*3 41, All simulations
and analyses were performed under the guidelines and
protocols established in previous studies % 171, The results
were compiled and presented to provide a comprehensive
overview of the potential bioactive compounds for further
experimental validation.

Results

Molecular Docking Binding Affinity

The molecular docking results revealed the binding affinity
of five selected bioactive compounds against their
respective target proteins. As shown in Figure 1, Compound
2 exhibited the highest binding affinity of -8.3 kcal/mol,
suggesting strong interactions with the target protein. In
contrast, Compound 3 showed the weakest binding affinity
at -6.5 kcal/mol. The other compounds, Compound 1,
Compound 4, and Compound 5, displayed moderate binding
affinities ranging between -7.2 and -7.8 kcal/mol. These
findings indicate that Compound 2 may be the most
promising candidate for further drug development, as it has
the highest binding affinity, which is a key determinant of
drug efficacy [* 10111,

Table 1: The binding affinity results from molecular docking and the RMSD values from molecular dynamics simulations for the five
bioactive compounds.

Compound Binding Affinity (kcal/mol) RMSD (A)
Compound 1 -7.2 1.2
Compound 2 -8.3 15
Compound 3 -6.5 1.0
Compound 4 -7.8 1.4
Compound 5 -6.9 13
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Fig 1: Molecular docking binding affinity (kcal/mol) for the five bioactive compounds.
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Fig 2: Molecular dynamics simulation RMSD (A) for the five bioactive compounds.

Molecular Dynamics Simulation RMSD

In the molecular dynamics simulations, the stability of the
protein-ligand complexes was analyzed through the root
mean square deviation (RMSD). Figure 2 shows the RMSD
values of the complexes formed by the five compounds.
Compound 3 exhibited the lowest RMSD value of 1.0 A,
indicating higher stability during the simulation. On the
other hand, Compound 2 had the highest RMSD of 1.5 A,
suggesting that its complex was less stable compared to the
others. The RMSD values for Compounds 1, 4, and 5 ranged
between 1.2 and 1.4 A, indicating moderate stability. These
results suggest that although Compound 2 showed a strong
binding affinity in docking studies, its relative instability in
the molecular dynamics simulation may warrant further
optimization 1011121,

~57 ~

Statistical Analysis

To assess the significance of differences in binding affinities
and RMSD values, an analysis of variance (ANOVA) was
conducted. The results revealed a statistically significant
difference in binding affinities (p < 0.05) among the
compounds, with Compound 2 demonstrating significantly
stronger binding compared to the others. However, no
significant differences were observed in RMSD values (p >
0.05), suggesting that the stability of the complexes did not
differ greatly across the compounds.

Discussion

The findings from this research indicate that computational
approaches, specifically molecular docking and molecular
dynamics simulations, can be powerful tools in identifying
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and analyzing bioactive compounds from plant and animal
sources. The molecular docking results demonstrated that
Compound 2 had the strongest binding affinity (-8.3
kcal/mol) among the five compounds, suggesting that it has
the highest potential for interacting with the target protein
and may serve as a promising candidate for drug
development. This is consistent with previous studies where
higher binding affinities were correlated with enhanced
therapeutic efficacy [* 0. However, despite its strong
docking performance, Compound 2 exhibited the highest
RMSD value in molecular dynamics simulations, indicating
a relative lack of stability. This discrepancy highlights a key
limitation of docking studies alone, as they may not always
predict the stability and behavior of protein-ligand
complexes in dynamic environments, which are crucial
factors for in vivo efficacy and safety (111,

In contrast, Compound 3, which showed the weakest
binding affinity in the docking studies (-6.5 kcal/mol), had
the lowest RMSD value in molecular dynamics simulations
(1.0 A), indicating a higher degree of stability. This suggests
that, although Compound 3 may not be the most potent in
terms of binding affinity, its stability could make it a viable
candidate for further optimization and testing, as stability is
often an essential factor for drug candidates in clinical
applications 2, The results also highlight the importance of
considering both binding affinity and stability in selecting
compounds for further development, as compounds with
high binding affinity but low stability may not perform well
in vivo, and vice versa.

The statistical analysis of the data confirmed that there was
a significant difference in the binding affinities of the
compounds, supporting the importance of molecular
docking in identifying potentially bioactive compounds.
However, the lack of significant differences in RMSD
values suggests that while binding affinity is crucial, it
should not be the sole criterion for selecting compounds for
further testing. The results of this research emphasize the
need for a multifaceted approach that combines molecular
docking, dynamics simulations, and other predictive models
to identify compounds with both high binding affinity and
stability.

Conclusion

This research highlights the essential role of computational
approaches, particularly molecular docking and molecular
dynamics simulations, in the identification and analysis of
bioactive compounds from plant and animal sources. The
findings demonstrate that computational methods are not
only effective in predicting binding affinities but also
provide valuable insights into the stability of protein-ligand
complexes, which is crucial for the efficacy and safety of
potential drug candidates. Despite Compound 2's strong
binding affinity, its relative instability as indicated by its
high RMSD value suggests that computational predictions
need to be supplemented by additional experimental
validation to assess the stability and behavior of compounds
in dynamic environments. The contrasting findings of
Compound 3, which showed low binding affinity but high
stability, underscore the complexity of drug discovery and
the importance of considering both affinity and stability in
the selection of compounds for further development.

To improve the drug discovery process, it is recommended
that future research incorporates a combination of molecular
docking, molecular dynamics simulations, and other
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advanced computational techniques, such as machine
learning algorithms, to optimize the prediction of both
binding affinity and stability. The integration of
experimental data to validate computational predictions is
crucial, as the reliability of these predictions depends on the
accuracy of the input data and the ability to replicate real-
life biological conditions. Furthermore, the incorporation of
toxicity prediction models alongside binding and stability
studies will ensure that identified bioactive compounds are
not only effective but also safe for clinical use. Researchers
should also focus on the development of more accurate and
comprehensive databases for bioactive compounds, as the
availability of reliable data will enhance the predictive
power of computational tools. In practical terms, drug
development pipelines should prioritize a multidisciplinary
approach, where computational methods work in tandem
with experimental studies, to streamline the process of
identifying promising candidates for therapeutic use.
Finally, more attention should be paid to the scalability and
reproducibility of computational models to ensure that
predictions can be consistently applied across diverse
compounds and biological targets, thus accelerating the
transition from in silico studies to clinical applications. This
balanced and integrative approach is key to advancing the
field of bioactive compound discovery and improving the
efficiency and success of drug development efforts.
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