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Abstract

Objectives: This study aimed to evaluate the inhibitory potential of phytocompounds of Melissa
officinalis against the MPXV poxin protein target, a key virulence factor in monkeypox infection.
Methods: Molecular docking performed using PyRx, a virtual screening software, was conducted to
predict the binding affinities of the compounds to MPXV poxin. Prior to docking, the compounds were
subjected to comprehensive analysis, including Lipinski's rule of five, evaluation of physicochemical
properties, pharmacological analysis using SwissADME, and toxicity analysis using pkCSM. Results:
The results highlighted caryophyllenol Il as the most promising inhibitor, with a binding affinity of -6.7
kcal/mol, suggesting a strong interaction with the target protein. Geranic acid also exhibited notable
binding affinity, but to a lesser extent. Conclusion: Caryophyllenol Il emerged as a lead compound for
further development as an antiviral agent against monkeypox due to its better binding affinity to MPXV
poxin. These findings show the potential of natural phytocompounds as therapeutic agents against viral
infections and contribute to the ongoing efforts in antiviral drug discovery.

Keywords: MPXV poxin, Ramachandran plot, molecular docking, phytocompound, ADMET analysis,
ligand interaction

INTRODUCTION

Many outbreaks of diseases can spread between animals and humans in the 21st century. These
outbreaks happened because of recent developments like changes in the climate, how animals are taken
care of, and contact between wild animals and humans. These infections from animals caused different
illnesses, and some of them, like Marburg virus disease, Ebola, and SARS-CoV-2, led to more people
dying than usual [1]. Monkeypox is a zoonotic viral infection caused by a double-stranded DNA virus,
which is a member of the orthopoxvirus genus, which includes other viruses like smallpox and vaccinia.
The disease was first found in 1958 among monkeys when shipped from Singapore to Denmark [2].
The first time humans got sick with monkeypox was in 1970 in the Democratic Republic of the Congo.
After the first incidence, there were sometimes outbreaks in a few countries in West and Central Africa
[3]. From May 13, 2022, the virus started spreading at the community level, and by the month of
November 2022, more than 7,8000 cases appeared in over 100 countries, and thus the WHO made the
disease a global health emergency [4]. WHO gave
the new name as MPox for monkeypox disease in
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2022 [5]. As of 4 February 2024, there have been a
total of 93,937 confirmed cases and 179 deaths in
over 113 countries.

DNA viruses usually copy and use their genetic
material inside the cell nucleus, relying a lot on cell
proteins. But poxviruses are different; they do not
follow this pattern [6]. Poxviruses are unique
because they depend a lot on proteins made by the
virus itself to copy themselves inside the cell's
cytoplasm [7]. Due to the large genome size of the
MPox virus, it becomes challenging for the virus to

© STM Journals 2024. All Rights Reserved

25


mailto:charithchari50@gmail.com

In Silico Molecular Docking Studies of Phytocompounds Charith R.

penetrate host defenses, and achieving rapid replication becomes a significant challenge. Consequently,
the virus must devise alternative strategies to ensure its survival within the host. The individual's
immune system is triggered early by the virus's large genome size, prompting immediate immune
reactions [8, 9]. The proteins virotransducer and virostealth possess the capability to exert modulatory
functions against the host immune system. Virotransducers are proteins that disrupt the host cell's
response to infection, while virostealth proteins diminish the virus's detectability by the host immune
system. These proteins achieve this by suppressing immune recognition molecules like MHC class 1
and CD4+, thereby reducing the likelihood of an immune response against the virus [7-9]. These
modulatory proteins work together to avoid detection and attack by the host's immune system and play
a crucial role in allowing the virus to replicate within the host's cytoplasm. Without these proteins, the
virus would be vulnerable to the immune response and would not be able to survive and replicate
effectively [10].

Most people who get monkeypox get better without needing medicine. Some might need help with
their symptoms, like drinking fluids by mouth or through a tube, taking medicine for pain, or getting
antibiotics for other infections [11]. However, treatment is recommended for patients with severe
illness; those at high risk of getting worse, or those with skin or eye infections [12]. As both smallpox
and monkeypox are from the same group of viruses called orthopoxviruses, medicines used to treat
smallpox like brindidofovir, tecovirimat, and cidofovir are also considered for treating monkeypox [13].
Tecovirimat is the top treatment for smallpox and has proven to work against similar viruses like
monkeypox [12]. Although there is not a vaccine specifically made to stop monkeypox right now, the
information shows that vaccines like ACAM2000 and JYNNEOS, which are used for smallpox, might
help protect against monkeypox. They could also make a monkeypox infection less severe [14].
Scientists are looking into different treatments because antiviral drugs can have side effects and viruses
are getting better at resisting them. They are checking out herbal medicines as an option because they
can fight viruses too. These herbal treatments are safer, cheaper, and easier to find [15, 16].

Melissa officinalis, also known as lemon balm, as shown in Figure 1, is a type of plant found in the
Plantae kingdom. It belongs to the Leguminosae family and is classified as an angiosperm. Lemon balm
is a popular herbal medicine used to treat various disorders, including gastrointestinal issues.
Additionally, it is valued for its ability to relieve gas, muscle spasms, and pain, as well as promote
relaxation and boost energy levels. Many people also believe that lemon balm has antioxidant [17] and
antiviral effects [18]. Furthermore, numerous studies have highlighted the ability of Melissa officinalis
to combat various viruses, including HSV-1 [18], CPV [19], HBV [20], and HCV [21]. These findings
confirm its effectiveness as an alternative treatment for several viral infections.

Melissa officinalis contains a diverse array of chemical compounds, including terpenes, aldehydes,
ketones, alcohols, oxides, esters, acids, and other miscellaneous compounds. These compounds are
associated with various biological activities [22]. Many of these compounds have been found to exhibit
antiviral effects. Due to their antiviral properties, these compounds are often considered as potential
ligands in drug discovery. In today's world, creating new medicines often involves using computers.
Scientists use special computer programs to find the best versions of potential drugs and to search for
promising candidates. This method, called virtual screening, is more efficient and cost-effective
compared to traditional methods, helping scientists to find potential drugs faster and cheaper [23].

MATERIALS AND METHODS
Retrieval and Preparation of Protein Target

The 3D crystal structure of the MPXV poxin classified as a viral protein, with Protein Data Bank
(PDB) ID:8C9K, was retrieved from a protein structural database called RCSB Protein Data Bank
(https://www.rcsb.org/) [24]. The crystal structure, determined using X-ray diffraction, has a resolution
of 1.72 A and does not contain any mutations. The crystal structure was then visualized using Discovery
Studio Visualizer (https://discover.3ds.com/discovery-studio-visualizer-download) and the water
molecules and heteroatoms were removed to make sure to obtain the purified protein [25]. The
processed 3D protein was saved in PDB format for molecular docking studies.
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Figure 1. Melissa officinalis.

Protein Structure Analysis

With the help of the PDBsum (Attps.//www.ebi.ac.uk/thornton-srv/databases/pdbsum/) database that
provides detailed structural and functional information on macromolecules in the PDB. The protein
structure analysis encompassed multiple aspects to elucidate the structural characteristics and functional
insights of MPXV poxin. Firstly, secondary structure analysis was conducted to delineate the
architectural features of the protein. This analysis provided a comprehensive overview of the protein's
structural elements [26]. Subsequently, interfacial analysis was performed to investigate the interactions
between the protein chains. Interface analysis revealed the number of interface residues, interface
area, presence of salt bridges, disulphide bonds, hydrogen bonds, and non-bonded contacts, shedding
light on the inter-chain interactions within the protein assembly. Finally, structural validation was
carried out using Ramachandran plot analysis obtained from PROCHECK. The Ramachandran plot
statistics provided insights into the conformational quality and stereochemical integrity of the protein
structure [27].

Ligand Selection and Preparation

The phytocompounds of Melissa officinalis chosen from the Indian medicinal plants, phytochemistry
and therapeutics 2.0 (IMPPAT 2.0) webserver (https.//cb.imsc.res.in/imppat/), were identified within
medicinal plants, and their 3D structures were retrieved in structure-data file (SDF) format from
PubChem (http://pubchem.ncbi.nlm.nih.gov/).

ADME Analysis

In our study, we utilized SwissADME (http.//www.swissadme.ch/), an online tool, to evaluate the
physicochemical properties, pharmacokinetics, and drug-likeness of the compounds under
investigation. The chemical structures of the ligands, obtained from PubChem, were inputted into
SwissADME in the form of Canonical SMILES. We applied Lipinski's rule of five to determine the
drug-likeness of the compounds, ensuring they adhere to established criteria for oral bioavailability and
permeation [28], as shown in Table 1. Additionally, we assessed the parameters of physicochemical
characteristics, as depicted in Table 2. Furthermore, we analyzed pharmacokinetic properties such as
gastrointestinal absorption, blood-brain barrier (BBB) permeability, and the potential interactions of
molecules with cytochrome P450 (CYP) enzyme parameters as shown in Table 3. This superfamily of
isoenzymes plays a crucial role in drug elimination through metabolic biotransformation. It has been
suggested that CYP and P-glycoprotein (P-gp) can process small molecules synergistically to improve
the protection of tissues and organisms. It helped to assess the potential effectiveness and distribution
of the compounds within the body. The insights obtained from SwissADME informed our decision-
making process regarding compound selection and optimization strategies in our study, enriching our
understanding of their pharmacological potential.
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Table 1. Lipinski’s rule of five parameters.

Parameters Optimal range
Molecular weight <500 Daltons
MlogP <4.15

H Donors <10

H acceptors <5
Molecular refractivity 40-130

MlogP: Molecular Logarithm of the Partition Coefficient

Table 2. Parameters for physiochemical properties.

Parameters Optimal range

Lipophilicity xLogP -0.7-+5.0

Size Molecular weight 150-500 g/mol

Polarity TPSA 20-130

Saturation Sp3 hybridization >0.25

Flexibility Rotatable bonds (RB) <10
Toxicity

In our study, we employed the pkCSM tool (https://biosig.lab.uq.edu.au/pkcsm/prediction) to
evaluate the maximum recommended tolerated dose (MRTD) that serves as an estimate of the toxic
dose threshold of chemicals in human. The MRTD is a crucial parameter that helps us understand the
potential toxicity of the compounds under investigation. An MRTD value of <=0.477 (log mg/kg/day)
is indicative of low toxicity, suggesting that the compound may have minimal adverse effects at typical
exposure levels. By considering the MRTD in our analysis, we aim to prioritize compounds with
favorable safety profiles for further investigation. This approach allows us to identify and focus on
compounds that hold promise for therapeutic development while minimizing the risk of harmful effects
on human health.

Molecular Docking

Molecular docking was performed to explore how phytochemical compounds interact with the
MPXYV poxin protein target, using a tool called PyRx 0.8 (https://sourceforge.net/projects/pyrx/) [29].
PyRx is an open-access and user-friendly software that combines several open-source programs,
including AutoDock, AutoDock Vina, and Open Babel, to conduct docking studies [29].

Before starting the docking process, we first prepared the protein structure by considering all its
chains (A, B, C, and D) to capture its complete structure. Then, we converted this protein structure from
pdb to pdbqt format suitable for docking using the Auto Dock Tools utility.

Similarly, we obtained the phytochemical compounds of Melissa officinalis and made sure their 3D
structures were optimized by minimizing their energy. This step was important to ensure that the
compounds were in their best shape for docking. Then, we converted these compound structures from
SDF to pdbqt format suitable for docking using a tool called Open Babel.

The active site of the protein is unknown, and we covered the entire protein with a grid to maximize
the search space. The grid encompasses the entire protein structure, allowing the ligand to explore
potential binding sites across the entire protein surface [30]. The docking parameters were set with an
exhaustive value of 8 to ensure a thorough exploration of binding poses. The grid center coordinates
were specified as center_x = 1.0234, center y = 1.9524, and center_z = -67.7596, with dimensions of
size x = 87.4437791061, size y = 56.3557398987, and size z = 100.707220688 in the X, Y, and Z
directions, respectively. This comprehensive grid setup facilitated an extensive search for potential
binding interactions between the ligands and the MPXV poxin target, aiding in the identification of
promising binding sites for further analysis.
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Finally, we ran the docking using PyRx with the AutoDock Vina docking engine. This software
calculates how well the compounds fit into the defined search area and predicts how strongly they
might bind to the protein. The graphical visualization of docking results was done by using BIOVIA
Discovery software to understand how the compounds interacted with the protein and where they might
attach [31].

RESULTS
Protein Preprocessing

The crystal structure of the protein MPXV poxin target with PBD_ID: 8CI9K protein model was
selected and downloaded in the PDB file format as shown in Figure 2(a). The three-dimensional
structure of the protein was prepared for molecular docking by following a protein purification using
the BIOVIA Discovery Studio tool. By purifying the protein, its integrity, and suitability for docking
studies are ensured, thus enhancing the reliability and interpretability of the docking results for docking
studies, which is shown in Figure 2(b).

Protein Structure Analysis

The crystal structure of MPXV poxin reveals a tetrameric assembly with four chains labeled A, B,
C, and D, each consisting of 194 residues. Analysis of the secondary structure reveals a complex
architecture, characterized by a total of 7 sheets, 8 beta hairpins, 7 beta bulges, and 20 strands, indicative
of extensive beta-sheet formation. Additionally, the structure exhibits 3 helices, contributing to its
overall tertiary fold. Notably, the presence of 16 beta turns and 1 gamma turn further highlights the
structural diversity within the protein. These secondary structure elements collectively contribute to the
stabilization and functional organization of MPXV poxin, as depicted in Figure 3.

Interfacial Analysis

The interface analysis of MPXV poxin reveals diverse interaction patterns between its chains.
Notably, Interface A-chain and B-chain exhibit 22 interface residues with an interface area of 1069 A2,
featuring 2 salt bridges while lacking disulphide bonds. Additionally, it comprises 18 hydrogen bonds
and 137 non-bonded contacts. In contrast, Interface A-chain and C-chain comprise 3 interface residues,
with a smaller interface area of 326 A2, and are devoid of disulphide bonds. This interface showcases 3
hydrogen bonds. Finally, Interface C-chain and D-chain involve 4 interface residues, spanning an
interface area of 279 A2 with 1 salt bridge. Although this interface lacks disulphide bonds, it presents
3 hydrogen bonds. These findings elucidate the diverse interaction profiles between MPXV poxin
chains, shedding light on their structural integrity and functional implications (Figure 4).

Figure 2. (a) 3D structure of MPXV poxin protein. (b) 3D structure of purified MPXV poxin protein.
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Figure 3. Secondary structure of MPXV poxin.
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Figure 4. Schematic diagram of interactions between protein chains.
Structural Validation

The structural validation of the MPXV poxin protein structure using Ramachandran plot analysis
reveals favorable statistics indicative of its high quality. The plot illustrates the distribution of residues
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within different regions of the plot, with a significant portion (90.0%) falling within the most favored
regions. Additionally, a small percentage (9.1%) of residues are found within the additional allowed
regions. Only a negligible fraction of residues (0.3%) occupies the generously allowed regions,
demonstrating minimal deviation from ideal structural conformations. Notably, a small percentage
(0.6%) of residues are located in disallowed regions, suggesting limited structural irregularities. Overall,
the structural integrity of MPXV poxin is upheld, with all non-glycine and non-proline residues
(100.0%) meeting validation criteria. The analysis includes end-residues (excluding Gly and Pro)
totaling 4, along with 64 glycine residues and 28 proline residues, contributing to a total of 776 residues
in the protein structure. These findings underscore the robustness of the MPXV poxin structure,
validating its suitability for further functional and computational studies (Figure 5).

Collection of Phytochemical Compounds

30 phytochemical compounds of Melissa officinalis such as beta-bisabolene; octanal; 6,10,14-
trimethylpentadecan-2-one; carvacrol; decane; 3-octanol; pinocarvone; 2-(4-methylphenyl) propan-2-
ol; myrcene; diacetone alcohol; coumarin; eugenol; bicyclogermacrene; trans-1(7),8-p-menthadien-2-
ol; caryophyllenol II; labd-14-ene, 8,13-epoxy-, (13S)-; beta-guaiene; (-)-beta-bourbonene; gamma-
terpinene; geranyl formate; geranic acid; 1,3,3-trimethyl-2-oxabicyclo[2.2.2] oct-5-ene; stearic acid; 3-
(methylthio)propionaldehyde; 1-octen-3-OL; p-cymene; methyl geranate; myrtenal; nerol oxide; 6-
methyl-3,5-heptadien-2-one sourced from the IMPPAT database were selected for analysis in this study.

Lipinski's Rule of Five Analysis

The selected 30 compounds were subjected to evaluation against Lipinski's rule of five using the
SwissADME webserver. Following rigorous analysis, it was found that only 21 compounds successfully
met the criteria of zero violation of Lipinski's rule, demonstrating favorable drug-like properties, and
the remaining 9 compounds, such as beta-bisabolene, 6,10,14-trimethylpentadecan-2-one, decane,
bicyclogermacrene, labd-14-ene 813-epoxy- (135)-, beta-guaiene, (-)-beta-bourbonene, stearic acid, p-
cymene exhibit violation of Lipinski's rule. The results of this assessment are presented in (Table 3).

180
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Phi (degrees)
Figure 5. Ramachandran plot of MPXYV poxin protein.
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Table 3. Data for the properties of the Lipinski was obtained using SwissADME.

Ligand Formula MW | MLOGP H H MR | Violation
acceptors | donors (0/1)

Beta-bisabolene CisH24 204.35 4.53 0 0 70.68 1
Octanal CsH160 128.21 2.07 1 0 40.77 0
6,10,14-trimethylpentadecan-2-one C18H360 268.48 4.79 1 0 88.84 1
Carvacrol C10H140 | 150.22 2.76 1 1 48.01 0
Decane CioH22 142.28 4.82 0 0 50.18 1
3-octanol CsH1s0 130.23 2.22 1 1 41.73 0
Pinocarvone C1oH140 | 150.22 2.2 1 0 45.42 0
2-(4-methylphenyl) propan-2-ol C10H140 | 150.22 2.49 1 1 47.03 0
Myrcene CioHase 136.23 3.56 0 0 48.76 0
Diacetone alcohol CeH1202 | 116.16 0.46 2 1 32.36 0
Coumarin CoHsO2 146.14 1.65 2 0 42.48 0
Eugenol CioH1202 | 164.2 2.01 2 1 49.06 0
Bicyclogermacrene CisH2a 204.35 4.63 0 0 68.78 1
trans-1(7),8-p-menthadien-2-ol CioH160 | 152.23 2.2 1 1 48.28 0
Caryophyllenol 11 CisH240 | 220.35 3.56 1 1 69.94 0
Labd-14-ene, 8,13-epoxy-, (13S)- Ca0H340 | 290.48 4.86 1 0 92.08 1
Beta-guaiene CisH2a 204.35 4.63 0 0 69.04 1
(-)-beta-bourbonene CisH24 204.35 5.65 0 0 67.14 1
Gamma-Terpinene CioH1s 136.23 3.27 0 0 47.12 0
Geranyl formate CuHi1s02 | 182.26 2.67 2 0 55.72 0
Geranic acid C10H1602 | 168.23 2.38 2 1 51.01 0
1,3,3-trimethyl-2-oxabicyclo [2.2.2] CioH160 | 152.23 2.3 1 0 46.64 0
oct-5-ene

Stearic acid CisH3602 | 284.48 4.67 2 1 90.41 1
3-(methylthio) propionaldehyde C4HgOS | 104.17 0.6 1 0 29.13 0
1-Octen-3-OL CsH160 128.21 2.07 1 1 41.26 0
p-Cymene CioH14 134.22 4.47 0 0 45.99 1
Methyl geranate CuH1802 | 182.26 2.67 2 0 55.33 0
Myrtenal Ci0H140O | 150.22 2.2 1 0 45.42 0
Nerol oxide CioH160 | 152.23 2.2 1 0 48.21 0
6-Methyl-3,5-heptadien-2-one CsH120 124.18 1.87 1 0 39.82 0

MW: Molecular weight, MR: Molecular refractivity

Physicochemical Analysis

Physicochemical analysis was conducted on the 21 phytochemical compounds from Melissa
officinalis that successfully passed Lipinski's rule of five, as depicted in (Table 3). Parameters such as
molecular weight, hydrogen bond donors, hydrogen bond acceptors, logP (lipophilicity), polar surface
area, Csp3 hybridization, and the number of rotatable bonds were evaluated using SwissADME. Among
the 21 compounds, 3-(methylthio) propionaldehyde, diacetone alcohol, 6-methyl-3,5-heptadien-2-one,
octanal, 1-octen-3-OL, 3-octanol, myrcene, gamma-terpinene, and coumarin, with molecular weights
of 104.17, 116.16, 124.18, 128.21, 128.21, 130.23, 136.23, 136.23, and 146.14, respectively, did not
meet the parameters outlined in (Table 2). Additionally, the compound eugenol exhibited a fraction
Csp3 of 0.2, which did not meet the parameters specified in (Table 2). Similarly, pinocarvone, myrtenal,
1,3,3-trimethyl-2-oxabicyclo [2.2.2] oct-5-ene, and nerol oxide displayed total polar surface area
(TPSA) values of 17.07, 17.07, 9.23, and 9.23, respectively, which also did not meet the criteria set
forth in (Table 2). Only 7 met the physicochemical parameters crucial for pharmacokinetic behavior
and potential drug-likeness. The results of this analysis are presented in (Table 4).
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Table 4. Physiochemical properties obtained using SwissADME.

Ligand MW | Fraction Csp3 | RB | TPSA | Lipophilicity
Octanal 128.21 0.88 6 | 17.07 2.72
Carvacrol 150.22 04 1 | 20.23 3.49
3-octanol 130.23 1 5 | 20.23 2.78
Pinocarvone 150.22 0.7 0 | 17.07 2.16
2-(4-methylphenyl) propan-2-ol 150.22 0.4 1 |20.23 1.99
Myrcene 136.23 04 4 0 417
Diacetone alcohol 116.16 0.83 2 | 373 -0.19
Coumarin 146.14 0 0 | 30.21 1.39
Eugenol 164.2 0.2 3 | 29.46 2.27
trans-1(7), 8-p-menthadien-2-ol 152.23 0.6 1 |20.23 2.3
Caryophyllenol 11 220.35 0.73 0 | 20.23 3.08
Gamma-terpinene 136.23 0.6 1 0 4.5
Geranyl formate 182.26 0.55 6 26.3 4.15
Geranic acid 168.23 0.5 4 | 373 3.09
1,3,3-trimethyl-2-oxabicyclo [2.2.2] oct-5-ene | 152.23 0.8 0 9.23 1.89
3-(methylthio) propionaldehyde 104.17 0.75 3 | 4237 0.31
1-octen-3-OL 128.21 0.75 5 | 20.23 2.55
Methyl geranate 182.26 0.55 5 | 26.3 3.42
Myrtenal 150.22 0.7 1 | 17.07 2.98
Nerol oxide 152.23 0.6 1] 9.23 222
6-methyl-3,5-heptadien-2-one 124.18 0.38 2 | 17.07 2.04

TPSA: Total Polar Surface Area

Pharmacokinetic Analysis
The 7 phytochemical compounds from Melissa officinalis that passed Lipinski's rule of five and
physicochemical parameters were further subjected to pharmacokinetic analysis using SwissADME.

Parameters such as gastrointestinal absorption, BBB permeability, and interactions with cytochrome
P450 (CYP) enzymes were assessed to evaluate the compounds' pharmacokinetic properties. Carvacrol
and 2-(4-methylphenyl) propan-2-ol exhibit CYP1A2 inhibitor, which is a key enzyme involved in the
metabolism of various endogenous compounds and xenobiotics, including drugs, toxins, and
carcinogens. Inhibition of CYP1A2 activity can lead to alterations in the metabolism of co-administered
drugs, potentially resulting in drug-drug interactions and adverse effects [32]. Additionally, CYP1A2
inhibition has been implicated in modulating the bioavailability and pharmacokinetics of drugs,
affecting their therapeutic efficacy and safety profiles and the results depicted in Table 5. Only 5

compounds were subjected to toxicity prediction.

Table 5. Pharmacokinetic analysis.

Ligand Gl BBB P-gp CYP1A2 |CYP2C19| CYP2C9 | CYP2D6 | CYP3A4
absorption | permeant |substrate | inhibitor | inhibitor | inhibitor |inhibitor | inhibitor
Carvacrol High Yes No Yes No No No No
2-methylphenyl) High Yes No Yes No No No No
propan-2-ol
trans-1(7),8-p- High Yes No No No No No No
menthadien-2-ol
Caryophyllenol 11 High Yes No No No No No No
Geranyl formate High Yes No No No No No No
Geranic acid High Yes No No No No No No
Methyl geranate High Yes No No No No No No
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Toxicity Analysis

Toxicity analysis was conducted using the pkCSM tool to assess the potential adverse effects of the
phytochemical compounds from Melissa officinalis. Ligands such as trans-1(7), 8-p-menthadien-2-ol;
geranyl formate; and methyl geranate exhibited MRTD values of 0.901, 0.52, and 0.798, respectively,
suggesting potential toxicity according to the toxicity assessment. Consequently, the remaining two
phytochemical compounds were considered suitable for the molecular docking process, as detailed in
Table 6.

Molecular Docking

Studies were conducted to assess the inhibitory potential of selected phytocompounds, namely
caryophyllenol II and geranic acid, against the MPXV poxin protein. The results, including ligand
interaction details, are presented in Table 7, which highlights the binding affinities of the compounds
to MPXV poxin. Among the investigated compounds, caryophyllenol II demonstrated the highest
binding affinity of -6.7 kcal/mol (caryophyllenol II uff E = 741.89 uff E = 741.89), indicating a
strong and robust interaction with the target protein, and geranic acid has the binding affinity of -5.3
kcal/mol, which is shown in Figure 6(a and b).

Table 6. Toxicity analysis.

Ligand MRTD (log mg/kg/day) > = 0.477
trans-1(7),8-p-menthadien-2-ol 0.901
Caryophyllenol I 0.216
Geranyl formate 0.52
Geranic acid 0.312
Methyl geranate 0.798

Table 7. Docking results.

Target Ligands Binding affinity Ligand interactions
(kcal/mol)
8CIK Caryophyllenol 11_uff_E=741.89 -6.7 LYS C:41= AlkylTHR C:39 = Pi- AlkyILEU
C:75 = Alkyl
8C9K Geranic acid_uff_E=118.05 -5.3 LYS A:186 = Hydrogen HIS B:17 = Pi-
AlkyIPHE B:19 = Pi- AlkylALA B:27 =
AIKkylILE B:105 = Alkyl

LYS 451
C41
495
—f
4.99
TYR
C:39
LEU
C:75
Interactions
[ ] Alkyl | Pi-Alkyl

Figure 6. (a) 2D plot of complex caryophyllene II with 8CIK target
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Figure 6. (b) 2D plot of complex geranic acid with 8CIK target.

DISCUSSION

The study aims to investigate the inhibitory potential of selected phytoconstituents against the MPXV
poxin protein target. Prior to molecular docking, the protein structure underwent rigorous purification
to ensure its integrity and suitability for docking studies. This purification process was conducted using
the BIOVIA Discovery Studio tool. The high-quality structural validation of the MPXV poxin protein
further supports the reliability of our findings. Analysis of the Ramachandran plot revealed a significant
portion of residues of about 90 percent present within the most favored regions, indicating the protein's
favorable conformational quality.

In this study, 30 phytochemical compounds sourced from Melissa officinalis were selected from the
IMPPAT database. Lipinski's rule of five criteria was applied to assess the drug-likeness of these
compounds, resulting in the identification of 21 compounds meeting the criteria and exhibiting
favorable drug-like properties. Subsequent physicochemical analysis further narrowed down the
selection to seven compounds demonstrating suitable pharmacokinetic behavior.

Pharmacokinetic analysis provided insights into the compounds' absorption, blood-brain barrier
permeability, and interactions with cytochrome P450 enzymes. The compounds like carvacrol and 2-
(4-methylphenyl) propan-2-ol exhibited CYP1A2 inhibition, which plays a significant role in drug
metabolism and pharmacokinetics. CYP1A2 is involved in the metabolism of numerous drugs and
xenobiotics, including caffeine, theophylline, and certain antidepressants [33]. Understanding the
importance of CYP1A2 inhibition is crucial for predicting drug-drug interactions, optimizing dosing
regimens, and ensuring safe and effective pharmacotherapy [34]. Only 5 compounds were subjected to
toxicity prediction.

Toxicity assessment using the pkCSM tool identified potential adverse effects associated with certain
compounds, leading to the exclusion of three compounds from further analysis. The remaining two
compounds, like caryophyllenol II and geranic acid, were subjected to molecular docking studies to
evaluate their inhibitory potential against the MPXV poxin protein.

Among the investigated compounds, caryophyllenol II demonstrated the highest binding affinity of -
6.7 kcal/mol, indicating a strong interaction with the MPXV poxin protein. The ligand caryophyllenol
I forms the interaction, with lysine (LYS) at position 41 in chain C through an alky! interaction, and
threonine (THR) at position 39 in chain C interacts through a pi-alkyl interaction. Pi-alkyl interactions
involve the interaction between an aromatic system in the ligand and a hydrophobic group in the amino
acid side chain and also leucine (LEU) at position 75 in chain C interacts through an alkyl interaction.
Leucine residues are commonly involved in hydrophobic interactions due to their non-polar side chains.
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Geranic acid also exhibited a notable binding affinity of -5.3 kcal/mol, which showed its potential as
an inhibitor of MPXYV poxin. The ligand geranic acid engages in specific interactions with amino acid
residues within the protein structure, elucidating key molecular interactions essential for binding. At
position 186 in chain A, geranic acid forms a hydrogen bond with lysine (LYS), highlighting the
potential for hydrogen bonding interactions facilitated by the positively charged side chains of lysine
residues. In chain B, histidine (HIS) at position 17 and phenylalanine (PHE) at position 19 participate
in pi-alkyl interactions with geranic acid, indicating the involvement of aromatic systems in
hydrophobic interactions with the ligand. Additionally, alanine (ALA) at position 27 and isoleucine
(ILE) at position 105 form alkyl interactions with geranic acid, underscoring the contribution of non-
polar side chains to hydrophobic interactions. These specific interactions between caryophyllenol II and
amino acid residues and geranic acid and amino acid residues of protein targets provide valuable
insights into the molecular basis of ligand-protein binding, which can inform drug design strategies
aimed at optimizing binding affinity and specificity.

CONCLUSION

In summary, our research has showcased the significant promise of caryophyllenol II uff E=741.89
as a potential inhibitor for MPXV poxin, a crucial therapeutic target associated with the MPox virus.
From molecular docking studies, caryophyllenol II demonstrated the highest binding affinity of -6.7
kcal/mol among all the investigated phytocompounds of Melissa officinalis. The next phase of our
research involves extending the docking studies to explore the interactions of these phytocompounds
with other targets associated with the MPox virus. Additionally, we plan to conduct molecular
simulation studies to explain the dynamic behavior and stability of the ligand-protein complexes. This
integrated approach will provide valuable insights into the potential therapeutic applications of these
compounds against various targets implicated in MPox virus infection, paving the way for the
development of novel antiviral agents.
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ADME: Adsorption Distribution Metabolism Excretion
CD4+: Cluster of Differentiation 4 positive
MHC class I: Major Histocompatibility Complex class I
MPXV: Monkeypox Virus
P-gp: Permeability Glycoprotein
RCSB: Research Collaboratory for Structural Bioinformatics
SMILES: Simplified Molecular Input Line Entry System
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