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ABSTRACT: Monkeypox has gained increasing global attention as an important public
health issue, posing a high risk to vulnerable groups such as young children and pregnant
women. Effective therapeutic agents remain limited. In this study, natural flavonoid
compounds derived from Aloe vera were evaluated in silico as potential inhibitors of the
monkeypox virus. Twenty-four Aloe vera-derived compounds were assessed for binding
affinity to the monkeypox virus protein target, 4QWO. The most promising leads, rutin,
theaflavin, and hesperidin, showed favorable binding energies against the target protein,
suggesting potential efficacy. Molecular docking analysis elucidated specific interactions
between these compounds and the target protein, with particular emphasis on residues
like Argl119. Furthermore, comprehensive evaluations including ADMET profiling,
adherence to Lipinski's rule, and drug-likeness assessments were conducted to gauge their
pharmacological potential. Molecular dynamics simulations provided insights into the
stability of selected compounds, revealing minimal conformational changes over time.
These results attest to the promise of natural agents, especially derivatives of Aloe vera, in
the treatment of monkeypox. There are, however, also notable regional and national
regulatory differences with regard to plant-based agents. Further research is therefore
required to identify and describe the antiviral properties of various plant species to
maximally exploit the plant-based antivirals. Botanists, virologists, and pharmacologists
should consult each other and invest in newer technologies by using genomics and high-
throughput screening. More research is necessary to create non-toxic safe and long-lasting

antiviral medicines from plants.
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INTRODUCTION

Plant-derived vaccines, also known as plant-based vaccines, are gaining increasing importance in the field of biotechnology.
The potential of plant-derived vaccines is their cost-effectiveness for mass-scale production while being safer in the human
environment. These efforts significantly play a vital role toward vaccination against pathogens, especially regarding newly
emerging infectious diseases [1]. Viral infections are a leading cause of infectious disease and are commonly transmitted by
either direct or indirect contact. These infections spread via airborne droplet or direct and indirect contact transmittance (Figure
1). The emergence of new viral agents, as well as viral resistance mutations, has created a growing demand for antiviral agents
from various sources. Ancient ethnobotanical uses for a wide variety of plants are now being applied as a powerful tool to
combat such ailments. Roughly 35% of the pharmaceutical market and 20% of drugs come from plants. Native plants are used
regulatly for food and herbal medication by rural populations in certain regions, and traditional practices have informed today's
more advanced methods of plant processing and use [2]. Biologically active compounds isolated from medicinal plants are

envisaged as new safe drugs and can be a key to find low-cost treatments with fewer complications to cure many diseases [3].

These traditional systems, including Unani, Traditional Chinese, and Ayurvedic medicine, are supported by long-standing
evidence for their use in disease treatment and in restoring physiological balance [4]. Egyptian physicians relied on medicinal
plants together with basic anatomical knowledge to treat disease, and such practices have been shown to be effective. Plant-
based medicines continue to serve as a complementary option in modern treatment, reflecting a long history of reliance on

medicinal-plant-derived drugs [5].

Monkeypox virus is a DNA virus most closely related to the smallpox virus and forms the Orthopoxvirus genus of the
Poxviridae family, responsible for the emerging zoonosis, monkeypox [6]. In Central and West Africa, sickness is recognised
to be caused by two distinct genetic subgroups. In contrast to the Central African (Congo Basin) subtype, the West African
subtype causes a milder form of the disease. The West African subtype of the virus is currently the most prevalent and widely
dispersed form, according to preliminary data from the current outbreak. Rather of affecting monkeys, this disease affects
rodents including squirrels, rats, and mice and is spread from them to people. Because it first produced a smallpox-like illness
in monkeys in 1958, it is known as monkeypox [6, 7]. It is unknown exactly where the virus lives in nature or how it cycles
naturally. Two wild animal isolates of the virus have been made thus far; the first was from an African squirrel in the Democratic
Republic of the Congo's Equatotial area in 1985. The second was isolated in 2012 from a deceased newborn primate belonging
to the "mangabey" monkey species in the Ivory Coast's rainforests [8]. The rash of monkeypox might be confused with herpes,
shingles, or chickenpox. However, a board-certified dermatologist can identify the specific condition causing the rash by
examining the skin's pattern and the atea where the rash first emerges. The dermatologist will take a sample of the rash and
send it to a lab if monkeypox is the most likely culprit. A polymerase chain reaction (PCR) test will be conducted in the
laboratory. If the swab has the monkeypox virus, it will be revealed by the PCR test findings. The number of cases of human
monkeypox that appear to have increased recently over a large geographic area and the possibility of additional transmission

have increased concerns about this developing zoonosis [8, 9].
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Figure 1. Schematic structure of the monkeypox virus (MPXYV), an Orthopoxvirus of the Poxviridae family, illustrating its

overall virion architecture.
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Monkeypox has become a major global health concern, posing a higher threat to children under one year of age and to pregnant
women, particularly since the 2021 outbreak began to escalate. Unlike several other viral infections, such as influenza or measles,
few therapeutic options exist for monkeypox; tecovirimat remains the major treatment option [10]. Given the therapeutic
potentials of natural products, we therefore used computational approaches to assess some potential novel and existing nature-
based compounds that could target MPV for therapy in this study [11]. The research findings confirm that as a natural
compound, flavonoids have various pharmacological properties, including antiviral effects. In this study, according to literature
review 24 natural compounds were chosen. The investigation further emphasized on the binding affinity of these ligands with
target protein (4QWO, monkeypox virus) which is responsible for their possible efficiency against the virus. These results
indicate that several compounds, including rutin, theaflavin, and hesperidin, show favorable binding energies against the 4QWO
target that are comparable to or more favorable than the reference antiviral tecovirimat [12]. Detailed investigation revealed
unique interactions between the chemicals and the target protein, such as hydrogen bonding and other molecular interactions,
which contribute to their binding affinity [6].

There are five clinical stages of monkeypox:

Stage 1 Stage 3 Stage 4

Macule Vesicles EN IS

Figure 2. The five clinical stages of monkeypox skin lesions, from macule to scab formation.

Regions affected by monkeypox where indigenous tribes have vital knowledge regarding the native flora and its medicinal
properties used traditional medicine against this virus. Plants are a rich source of pharmacologically active antiviral agents.
Biochemical and bioactive substances that are extractable from medicinal plants are used to target particular viruses and help
to treat or prevent a wide range of viral diseases and infections [13]. Traditional healers are skilled in using plant-based solutions
for a range of illnesses, including monkeypox. Because they have transmitted their expertise orally over time, traditional
medicine is useful in places lacking access to modern medical care. Natural plant synthesis of medicinal chemicals has resulted
in the development of novel medicines with powerful therapeutic benefits. Nearly 80% of the world's population still receives
their primary care from traditional medicine, which has been using plants and plant products to treat illnesses for millennia long
before the active ingredients were discovered. It is worth noting that almost half of all prescription drugs come from plants or
plant derivatives. It has been demonstrated that using plants for medicinal purposes in combination therapy is beneficial against
a variety of viruses, such as influenza and herpes viruses. Furthermore, a variety of plant extracts, including those derived from
Aloe vera, have proven to be antiviral against a wide spectrum of viruses [14].
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Figure 3. Transmission routes of the monkeypox virus, including direct contact, respiratory droplets, and fomite

transmission.
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The family Liliaceae consists of the genus Aloe as well as a vast range of succulent plant species. Most important of these is the
ornamental and medicinal plant referred to as Aloe vera. It thrives in the entite Mediterranean area of Southern Europe, Asia,
and Africa. This extract is present all over the globe but for its origin, it can be abundantly found especially dry areas. Aloe vera
naturally possess many biological and pharmacological characteristics, such as anti-inflammatory, immunostimulatory, cell
growth stimulatory, antiviral, antibacterial, and antifungal effects. This study, therefore, used an in silico method to predict the
bioactive compounds present within the Aloe vera leaves [15].

Flavonoids are natural chemicals with a variety of pharmacological actions, including antiviral, antioxidant, anti-inflammatory,
antibacterial, and antifungal characteristics. In light of this, we set out to identify potentially beneficial natural substances for
treating monkeypox by drawing on the results of earlier studies. Twenty-four naturally occurring Aloe vera-derived substances
were selected, and their capacity to bind to the target protein (4QWO, monkeypox virus) was investigated [16]. Research
findings similarly showed that rutin, theaflavin, and hesperidin exhibited favorable binding energies against the 4QWO target,
consistent with the docking results reported in Section 3.3, suggesting their potential effectiveness [17]. Tecovirimat, used here
as the reference antiviral, formed hydrogen bonds with four residues of 4QWO (Arg119, Glu77, Tyr80, and Argl27) when the
precise interactions between these compounds and the target protein were examined. Theaflavin had the highest binding energy
among the tested compounds and formed three conventional hydrogen bonds with three residues of 4qwo [18]. Because no
specific medications are available, the Centres for Disease Control and Prevention (CDC) states that supportive care is
frequently adequate for patients infected with the monkeypox virus. The development of a safe medication to prevent
monkeypox infections is done by computational methods. Since creating a medication requires more than ten to twelve years,
a significant amount of money, time, and resources, this new computational technique ushers in a new era in which new
biological substances and effective medications may be created quickly, saving money and time. For almost thirty years,
computer-aided drug discovery and design methods have been a major asset in the search for clinically relevant molecules [14,
19]. While computer-aided drug design and discovery has many benefits and can save time, money, and resources in the process
of developing a new medication, it is not without its drawbacks. Interestingly, Arg119 turned out to be an important amino
acid for 4qwo interaction and binding affinity. Furthermore, we discovered other interaction types that can improve binding
affinity and boost the biological efficacy of these compounds, including pi-donor hydrogen bonds, pi-alkyl, alkyl, halogen, and
pi-cation interactions [20].

Drug target discovery can yield better results with in silico investigations. As demonstrated during the recent COVID-19
pandemic, in silico research is crucial during unanticipated outbreaks, since drug targets cannot be identified quickly by
conventional methods alone. Addressing such large numbers of potential targets requires considerably faster methods. Using

in silico techniques, the process of screening natural medicinal plants for drug targets can be accelerated [21].
MATERIALS AND METHODS
2.1 Synthesis of ligand and optimizing its structure

Aloe vera is a medicinal plant whose leaves ate a rich source of bioactive flavonoid polyphenols. Flavonoids are among the
most widely occurring classes of phenolic compounds, with approximately 8000 distinct compounds discovered to date [22].
These compounds are often used as nutritional supplements due to their potential health benefits, including boosting immunity
and protecting against infections [23]. Numerous studies have highlighted the various biological effects of Aloe vera, suggesting
its potential in preventing a wide range of diseases. To explore its potential further, we selected 24 derivatives of Aloe vera from
the PubChem database. The canonical SMILES (Simplified Molecular Input Line Entry System) of these molecules were
obtained from the database, and their 2D structures were generated using the ChemBioOffice program. To better understand
the molecular structure of these derivatives, we employed a method called density functional theory (DFT) for molecular
optimization. This involved optimizing the 3D structures of the molecules and minimizing their energy using the B3LYP
functional unit DFT procedure within the DMol3 code from Material Studio 08. Following optimization, we calculated the
highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) expressions for each molecule
[24].

2.2 Prediction of ADMET profile

Such advancement of computer technology has led to the discovery of drug to such an extent that novel targets can be
developed, and experimental trials throughout this process can be reduced with higher success rates. In this regard, ADMET
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pharmacokinetic properties like absorption, distribution, metabolism, excretion, and toxicity, besides drug-likeness evaluation,
assume great significance in the perspective of making preliminary assessments during drug discovery as well as drug
development processes [25]. For instance, web-based tools, for example, pkCSM and SwissADME, are being widely used for
the evaluation of ADMET properties, Lipinski's Rule observance, and drug-likeness. Therefore, in this work, due to the use of
online resources pkCSM and SwissADME, it is possible to assess the ADMET properties, Lipinski's Rule, and drug-likeness
of the investigated compounds. By providing access to these computational tools, screening could now efficiently prioritize
candidate compounds as having favorable pharmacokinetic profiles with drug-like properties, thus accelerating the efficiency
of a drug discovery and development process.

2.3 Selection of target structure and synthesis

The 3D crystal structures of the Monkeypox virus (PDB ID 4QWO) were obtained from the RCSB PDB database as it holds
the potential receptor for drug design because of their role in pathogenic effects. Target proteins can be inhibited thus slowing
down replication inside host cells impeding pathogenicity [25]. To facilitate precise drug binding akin to a lock-and-key
mechanism, it is imperative to ensure a clean receptor environment devoid of excess molecules such as water and non-protein
components. Thus, the obtained crystal structures underwent preparation steps using Discovery Studio v16.1.0.15350 and
Pymol version 2021 programs. This preparation involved the removal of ligands, non-protein components, and water molecules
to create an optimized receptor environment for molecular docking experiments. Prior to molecular docking, the energy of the
target proteins was minimized using SwissPDBViewer, a step crucial for achieving stable and accurate docking results. This
process ensures that the target proteins are in an energetically favorable conformation for interaction with potential drug
molecules [26]. The optimized 3D structures of the target receptors serve as the foundation for subsequent computational
analyses aimed at identifying potential drug candidates for inhibiting viral replication and mitigating pathogenic effects.

2.4 Analysis of molecular docking

Molecular docking studies were performed to identify the molecular interactions and assess the efficacy of ligand binding along
with their corresponding binding affinities in the inhibition of target proteins. As referred, the molecular docking analysis for
the study was done using a version 4.2 of PyRx Auto Dock tools software [27]. During molecular docking, the 3D grid for
ligand-receptor interactions was generated using the automatic maximized function. For the monkeypox virus, the grid box
parameters were set at a center coordinate with dimensions of (x= 35.14496, y= 37.645, z=36.960). Following the completion
of docking analysis, the BIOVIA Discovery Studio Visualizer v16.1.0.15350 was utilized to monitor the docked residues, and
ligand-protein complex structures, and generate 2D and 3D representations. This software facilitated the comprehensive
analysis and interpretation of the docking results, providing insights into the potential interactions between the ligands and

target proteins.
2.5 Simulations of molecular dynamics

The YASARA v21.6.17 software was employed to conduct molecular dynamics (MD) simulations investigating the interaction
between Aloe vera and the 4QWO viral protein. The simulations utilized the aided model construction approach, employing
the AMBER 14 force field to accurately represent molecular interactions [28]. To simulate the physiological environment, a
combination of Cl- and Na+ ions was introduced, along with the exchangeable TIP3P water model. Each system underwent
energy minimization with the most effective gradient strategy, comprising 5000 cycles. Additionally, a periodic boundary
condition was applied, with the cell size maintained at ten times larger than the protein size [29]. The MD simulations
incorporated particle-mesh Ewald (PME) methods to account for long-range electrostatic interactions, ensuring an accurate
representation of molecular behavior. Physiological conditions were simulated, with the simulations conducted at a temperature
of 298 K, a NaCl concentration of 0.9%, and a pH of 7.4. The simulation temperature was controlled using a Berendsen
thermostat, maintaining constant pressure throughout the simulation. Subsequently, MD simulations were conducted for a
duration of 100 nanoseconds under constant pressure conditions. Analysis of the simulation trajectories and interaction
dynamics was performed using the built-in YASARA MACRO scrip, providing insights into the Aloe vera-4QWO protein

interaction.
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RESULTS
3.1 Preparing ligand

The molecular structures of the Aloe vera derivatives selected for this study contain a range of functional groups characteristic
of anthraquinone and phenolic compound classes, including hydroxyl and carbonyl moieties, as shown in Figure 4 [30].
Additional structural attributes relevant to the bioactivity of the Aloe vera derivatives include hydroxyl and carbonyl substituents
contributing to their polarity and reactivity. The optimized chemical structures of the Aloe vera derivatives are depicted in
Figure 4, and these optimized structures form the basis for the subsequent docking and dynamics analyses described below.
Consistent with the general pharmacology of flavonoid polyphenols discussed above, numerous studies have shown that Aloe
vera derivatives exhibit a broad spectrum of biological effects, supporting their potential in the prevention of a range of
disorders. A total of 24 Aloe vera derivatives were selected from the PubChem database for this study [22].

3.2 ADMET analysis and Lipinski rule, pharmacokinetics

When different substitutions are introduced, generating various analogs, they serve as potential drug candidates, offering
enhanced pharmacological efficacy. The analyzed analogs of Aloe vera are depicted in Figure 4 [31]. The Lipinski rule, also
known as the rule of five, is pivotal in determining drug-likeness and pharmacokinetics [32]. It delineates essential criteria for
evaluating drug similarity characteristics, including consensus (Log P) values and molecular weight [4]. According to Lipinski's
criteria, the molecular weight should fall within the range of 150 to 500 g/mol, with fewer than five hydrogen bond donots and
ten or fewer hydrogen bond acceptors. The TPSA value should range between 20 and 130 A?, while the Log P value should
not exceed 6.00 [33]. In our study, the Aloe vera derivatives exhibited molecular weights ranging from 294.34 to 492.49 Dalton,
with two compounds (02 and 27) showing a molecular weight of 502.51 Dalton. The number of hydrogen bond donors and
acceptors, TPSA, and Log P values all fell within standard ranges. Utilizing the Lipinski rule accurately predicted drug-likeness,
with all chosen compounds adhering to Lipinski's criteria, indicating their potential utility as drugs [34]. The in silico prediction
of druglike properties was compiled in Table 2 using the online program SwissADME.

3.3 Molecular docking analysis against monkeypox

Molecular docking is a key strategy in computational chemistry for innovative drug development, facilitating the elucidation of
molecular interaction strategies and the assessment of ligand effectiveness in inhibiting targeted proteins. Docking values are
computed to ascertain the extent to which ligand molecules bind to the active site of specific receptors [35]. A more negative
binding energy value indicates a stronger binding preference and the formation of a more persistent ligand-receptor complex
structure. To qualify as a potential drug candidate, the docking scote should exceed -6.0 kcal/mol. In our cutrent study, binding
affinities ranged from -6.7 kcal/mol to -7.9 kcal/mol against the monkeypox virus target protein (PDB ID 4QWO) [36].
Notably, all binding energies surpassed -6.00 kcal/mol, exceeding the docking scote of the reference antiviral tecovirimat.
Among the detivatives, the highest binding affinity was -8.9 kcal/mol against the monkeypox vitus tatget protein (PDB ID
4QWO), reported for ligand 24, suggesting the potential effectiveness of these Aloe vera derivatives against monkeypox [37].
The identification of significant sites in the monkeypox virus active site pocket revealed key residues crucial for ligand binding.
These findings suggest that these ligands could potentially serve as effective therapeutic agents against monkeypox by impeding

viral replication and expression.
3.4 Protein-ligand interaction analysis

Chemical descriptors were calculated to assess the reactivity and stability of the Aloe vera detivatives. The HOMO-LUMO
energy gap, which influences biochemical reactions, was evaluated using density functional theory (DFT). A smaller energy gap
suggests higher chemical reactivity, while a larger gap indicates greater kinetic stability. The calculated chemical descriptors
indicated that all compounds maintain energy gaps within the acceptable range, suggesting favorable chemical stability and
potential therapeutic efficacy. Frontier molecular orbitals (HOMO and LUMO) were analyzed to predict the physicochemical
properties of the Aloe vera derivatives [38]. The proximity between HOMO and LUMO nodes indicates the regions where
protein-ligand interactions occur, with LUMO regions being of particular interest.
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3.5 Molecular dynamics simulations

Molecular dynamics simulations were conducted to evaluate the stability and conformational changes of the protein-ligand
complexes over time. The analysis revealed that ligand 24, the top-ranked compound identified in Section 3.3, exhibited stable
behavior, with minimal conformational changes observed in the protein structure. The evaluation of protein-ligand interactions,
solvent accessibility, and structural changes provided insights into the compounds' efficacy as antiviral agents [39]. ADME and
toxicity predictions were performed to assess the pharmacokinetic properties and safety profile of the Aloe vera derivatives
[40]. The in silico ADMET predictions indicated favorable properties, suggesting the potential of these compounds as new
drug candidates. The overall findings support further investigation of these Aloe vera derivatives for their therapeutic potential
against viral infections.

3.6 Chemical descriptors calculation

To analyze biological reactions, LUMO and HOMO are found significant in terms of electrochemical resistance and kinetics.
The drug molecule's stability, its chemical hardness and softness are correlated to get the separation energy gap in the HOMO-
LUMO.

These characteristics are obtained by using the HOMO and LUMO frequencies. These reactivity’s characteristics are derived
using the HOMO and LUMO frequencies.
Significant kinetic stability but low electrochemical stability is indicated by a bigger energy gap, whereas higher polarity and
chemical conductivity are observed by using a relatively small energy difference and improved softness. Additionally, a large
HOMO-LUMO energy gap indicates a lower electron electronic transition, whereas a small gap indicates higher electrochemical
stability level in both of which are closely related to binding with a targeted protein receptor. A high degree of dissolving
capacity is indicated by the components' softness score [36]. For the Aloe vera detivatives examined, the predicted chemical
hardness values ranged between 3.5 and 4.5, with corresponding softness values between 0.24 and 0.25, indicating favorable
chemical stability.

Table 1. Docking binding affinities (kcal/mol) of Aloe vera-derived ligands (identified by PubChem CID) against the
monkeypox virus target protein 4QWO.

Ligands Binding affinity
102052685 -6.5
10207 -6.5
102445577 -6.1
12305761 -5.9
1488736 -6.3
14889737 -6.8
14989 -6.6
158096 -6.5
160190 -6.0
21582596 -6.6
3220 -6.3
46173997 7.4
46173998 -7.2
5317657 -5.8
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Table 2. ADMET (absorption, distribution, metabolism, excretion, and toxicity) profile of representative Aloe vera
derivatives, predicted using SwissADME. BBB: blood-brain barrier; ESOL: estimated aqueous solubility class; Lipinski,
Ghose, and Veber refer to compliance with each rule-based drug-likeness filter.

ADMET C15H2005 C21H3209 C21H4509 C19H2709
parameter
BBB permeant no no yes no
ESOL -1.25 -1.39 -1.39 -0.43
very soluble soluble very soluble soluble
Lipinski yes yes yes; 1 violation yes
Ghose yes yes yes no
Veber yes yes yes no
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Figure 4. Chemical structures of the 24 Aloe vera derivatives selected from PubChem and optimized by density functional
theory (B3LYP/DMol3) ptior to molecular docking.
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Figure 5. Three-dimensional structure of the monkeypox virus target protein (PDB ID: 4QWO) with a representative Aloe
vera-derived ligand docked at the binding site.
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Figure 6. Two-dimensional docking interaction diagrams showing hydrogen bonds and other non-covalent contacts between
the top-ranked Aloe vera derivatives and residues of the 4QWO binding pocket.
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Figure 7. Radius of gyration (Rg) of the protein-ligand complexes over the 50-ns molecular dynamics simulation trajectory
shown, indicating the compactness and structural stability of the complexes.
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Figure 8. Root-mean-square deviation (RMSD) of the protein-ligand complexes over the 50-ns molecular dynamics
simulation trajectory shown, reflecting overall structural stability.
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Figure 9. Root-mean-squate fluctuation (RMSF) of the protein-ligand complexes over the simulation trajectory shown,
indicating local flexibility.

DISCUSSION

The well-known medicinal plant Aloe vera has long been utilized for a variety of therapeutic applications. Its bioactive
substances, mostly flavonoids, have a variety of pharmacological qualities, such as antibacterial, anti-inflammatory, and
antioxidant capabilities [41]. A number of derivatives were created and assessed for their drug-like qualities and antiviral activity
in order to investigate the possibility of Aloe vera as a source of antiviral medicines. There have been a number of discoveries
over the years, most notably including the recent COVID-19 pandemic and various viral diseases, to drive forth the immediate
necessity of novel antiviral drugs [42, 43]. In the modern world, plant-based natural chemicals have become very favorable as
potential alternatives, particularly since they possess extensive pharmacological properties and resistance towards medication.
This paper intends to examine the antiviral properties of Aloe vera detivatives against the monkeypox virus [44].

Derivatives of Aloe vera include compounds such as acemannan and aloe-emodin, that carry potential agents against different
viruses. Acemannan, which is a polysaccharide from Aloe vera, reveals immunomodulatory activity that promote the induction
of antiviral mechanisms in the human’s body [45]. Aloe-emodin is one of the active principles of Aloe vera and has exhibited
activity against several viruses, including herpes simplex and influenza viruses. These antiviral activities are supposed to be due
to their interference with viral replication and the modulation of immune responses, hence, Aloe vera is considered as a
candidate to be further explored against viral infections such as monkeypox [1, 6, 46]. In order to find molecules with
appropriate pharmacokinetic properties for drug development, drug-likeness assessment is essential. The drug-likeness of the
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Aloe vera derivatives was evaluated by applying Lipinski's rule of five [47] , which specifies requirements for molecular weight,
hydrogen bond donors and acceptors, lipophilicity, and polar surface area. The findings showed that every chemical complied
with these requirements, indicating that they may be used in drug development and oral bio-availability [48].

Furthermore, the favorable pharmacokinetic characteristics of these compounds were corroborated by in silico ADMET
(absorption, distribution, metabolism, excretion, and toxicity) predictions [49]. ADMET evaluation is now considered an
indispensable component of early-stage drug discovery, as it allows the safety and therapeutic potential of candidate compounds
to be assessed before costly experimental validation [50]. This approach also helps optimize time and resource expenditure
while improving the overall prospects for clinical success [51].

Using the monkeypox virus protein (4QWO), molecular docking studies were performed to assess the antiviral effectiveness
of the Aloe vera derivatives. By simulating the interaction between a ligand—in this example, a derivative of Aloe vera—and a

target protein, this computational method can provide light on binding affinity and possible inhibitory consequences [52].

The findings showed that every molecule had a considerable affinity for binding to the viral protein; in fact, some of the
derivatives showed even higher binding affinities than the reference antiviral, tecovirimat. These results point to a promising
possibility for these chemicals' ability to inhibit the virus that causes monkeypox [53]. Molecular dynamics simulations were
catried out to provide additional understanding of the dynamic behaviour of the protein-ligand complexes. The picture of

molecular interactions across time offered by these simulations is more accurate [54].

Chemical descriptors were computed in order to comprehend the electronic characteristics and reactivity of the Aloe vera

detivatives [55]. These descriptors shed light on the chemical characteristics that may affect a compound's potential as a

medicine and its biological activity. For every molecule, the HOMO-LUMO energy gap—a gauge of chemical reactivity—was
computed. Higher chemical reactivity is often correlated with a lower energy gap, indicating a higher likelihood of interactions

with biological targets [56].

The study's findings indicate that Aloe vera derivatives have the potential to be effective antiviral treatments for the monkeypox
virus. In molecular dynamics simulations, the compounds demonstrated robust binding affinities to the viral protein, persistent
interactions, and favorable drug-like features. These results add to the increasing amount of data that encourages the

investigation of natural compounds as a potential source of innovative antiviral medications [57].

It is important to note that this study is based on in silico evaluations and computational simulations rather than laboratory
experiments. The antiviral effectiveness and safety of these compounds need to be confirmed by additional experimental
validation, including in vitro and in vivo studies [58]. To improve the potency and selectivity of the Aloe vera derivatives, more
optimization would be necessary.
To sum up, this work lays the groundwork for future investigations into the creation of antiviral medications based on Aloe
vera. Lead drugs for preclinical and clinical development can be found by combining computer modelling with experimental
validation. The effective creation of antiviral medications made from natural ingredients may be a useful supplement to the

medical toolkit for combating newly developing viral threats.
CONCLUSION

Plant-derived antivirals represent a promising complementary strategy for future outbreak preparedness, alongside traditional
vaccine platforms. This paper explored the possibility that Aloe vera derivatives may represent a viable avenue for this purpose.
The current study identified several Aloe vera derivatives as candidate therapeutic agents warranting further testing for their
antiviral properties. Identification of molecules with a favorable pharmacokinetic profile is an essential step in drug discovery.
The Aloe vera derivatives showed promise for oral bioavailability by meeting these requirements. Moreover, the viability of
these bioactive compounds as therapeutic possibilities was reinforced by computerized forecasts of ADMET characteristics.
The molecular docking simulations showed promising antiviral activity of these derivatives against the monkeypox virus protein,
revealing favorable binding interactions between the compounds and the target protein. The results were encouraging, as some
of the derivatives showed better binding affinities than tecovirimat. These findings seem to suggest that the molecules may
prevent monkeypox virus replication. It is important to recognize, however, that this research represents only the beginning of

the drug discovery process. It is necessary to move from computational investigations to experimental validation. To evaluate
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these drugs' antiviral efficacy in a lab setting, in vitro tesearch is required. Consequently, in vivo investigations will be necessary

to assess their safety and effectiveness in animal models.
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