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Abstract: Cervical cancer remains a significant global health challenge, ranking as the fourth most common
cancer among women. The primary causative agents, Human papillomavirus (HPV) strains 16 and 18, are well-
known for their role in cervical carcinogenesis, primarily through the actions of the E6 and E7 oncoproteins.
This study aimed to identify a natural compound capable of inhibiting both E6 and E7 oncoprotein activities,
thereby offering a potential therapeutic approach using a single agent. This study also comprises an extensive
in silico analysis with molecular docking studies by AutoDock Vina and Schrodinger Maestro to analyse the
binding affinity, hydrogen bonds interactions of selected compounds against HPV 16 E6 &E7 proteins.
GROMACS package was used to perform molecular dynamics simulations of protein-ligand complexes to
elucidate stability of the ligands around the receptor at different time points. SwissADME was utilized for the
prediction of pharmacokinetic properties while PROTOX-II helped in predicting toxicological data. Capsaicin
emerged as the most promising candidate, exhibiting binding energies of -7.3 kcal/mol and -5.6 kcal/mol
against the HPV 16 E6 and E7 proteins, respectively. Notably, Capsaicin formed a single hydrogen bond with
each oncoprotein, indicating a strong and specific interaction. The compound also demonstrated a favourable
pharmacokinetic profile, with no violations of drug-likeness rules, and was classified as Toxicity Class 4,
suggesting a moderate safety profile. These results, thus branding Capsaicin as a promising lead compound
for further investigations in cervical cancer therapy that deserves documentation through well-equipped wet
lab experiments followed by clinical studies.

Keywords: Human papillomavirus; HPV 16 oncoproteins; Capsaicin; E6 and E7 oncoproteins;
Molecular docking; ADMET studies; Molecular dynamic simulations

Introduction

Cervical cancer is a significant global health concern, ranking as the fourth most common cancer
among women [1,2]. However, the menace can be minimized, because the causative agent is well
known to be persistent Human papillomavirus (HPV) infection, particularly with high-risk strains
such as HPV 16 and 18 been the primary factor driving the progression of this disease [3]. The virus
encodes oncoproteins E6 and E7, which are pivotal in cervical carcinogenesis, exerting their
oncogenic effects by inactivating the tumour suppressor protein. These interactions facilitate the
evasion of crucial cellular processes that normally regulate growth and apoptosis, thereby driving
the malignancy of cervical cells [4-7].

Likewise, as carcinogenesis progresses, E6 and E7 remain central to the initiation and
advancement of cervical cancer. These oncoproteins induce the six primary hallmarks of cancer, as
defined by Hanahan and Weinberg: sustained proliferative signalling, evasion of growth
suppressors, resistance to cell death, enabling replicative immortality, induction of angiogenesis, and
activation of invasion and metastasis [7,8]. Specifically, the E7 oncoprotein was the first to be
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identified and is known for its ability to bind and inactivate the Rb protein, leading to unchecked
cellular proliferation [9]. Conversely, the E6 protein targets p53 for ubiquitin-mediated degradation,
allowing cells to bypass apoptosis and accumulate genomic instability [8]. Together, these
oncoproteins are the driving force behind the progression from HPV infection to cervical
intraepithelial neoplasia (CIN) and eventually to invasive cervical cancer [8,9].

Given the critical role of E6 and E7 in cervical carcinogenesis, therapeutic strategies aimed at
inhibiting these oncoproteins have the potential to halt the progression from HPV infection to
invasive cervical cancer. In recent years, phytochemicals have garnered significant attention as
promising anticancer agents due to their ability to modulate multiple signalling pathways involved
in cancer progression. These naturally occurring compounds, derived from plants, offer a broad
spectrum of bioactivities that could be leveraged to target the key drivers of cervical cancer [10-12].

In this study, we explored the anticancer potential of seven phytochemicals Capsaicin,
Catechins, Lycopene, Benzyl isothiocyanate (BITC), Phenethyl isothiocyanate (PEITC), Isoflavone,
and Piperlongumine against the HPV 16 E6 and E7 oncoproteins in cervical cancer. These compounds
were selected based on their documented anticancer activities and their potential to target various
cancer hallmarks [13].

We employed a comprehensive in silico approach that included molecular docking to predict
binding affinities, ADMET (absorption, distribution, metabolism, excretion, and toxicity) predictions
to assess pharmacokinetic profiles, and molecular dynamics simulations to evaluate the stability of
the protein-ligand complexes. Additionally, visualization of hydrogen bonding and molecular
interactions provided insights into the specific interactions between these phytochemicals and the
HPV 16 oncoproteins. Our findings contribute to the growing body of research aimed at developing
novel therapeutic strategies for cervical cancer by targeting the oncogenic drivers E6 and E7

Materials and Methods

Ligand Preparation

The structures of HPV 16 E6 and E7 inhibitors were obtained from PubChem database in SDF
format and were then subjected to geometric refinement using the Schrodinger LigPrep module,
which facilitates the conversion of 2D structures into their corresponding 3D formats. This step is
essential for ensuring that the ligands are in a suitable conformation for further analysis [14].
Following this, energy minimization of the ligands was performed using the OPLS_2003 force field.
This step is crucial to guarantee that the ligands reach a stable conformation, indicated by a root mean
square deviation (RMSD) of 0.00 A, signifying that the structures are optimized and ready for
subsequent analysis [15,16]. After energy minimization, the ligand preparation for docking involved
using AutoDock Tools 1.5.6 to add hydrogen atoms to the ligands. Non-polar hydrogen atoms were
merged, and Gasteiger charges were assigned to prepare the ligands adequately [17]. This thorough
preparation phase ensures that the inhibitors are optimized prior to docking, enhancing the reliability
of the subsequent docking studies and the potential identification of effective HPV inhibitors. The
prepared ligand was saved in PDBQT format for docking studies.

Protein Preparation

The target proteins in this study were the HPV-16 E6 and E7 oncoproteins. The preparation
steps were as follows: HPV-16 E6 Protein: The crystal structure of the HPV-16 E6 protein was
obtained from the Protein Data Bank (PDB ID: 2L]Z). HPV-16 E7 Protein: The structure of the HPV-
16 E7 protein was predicted using the Swiss-Model server due to the absence of a resolved crystal
structure in the PDB. The protein structure underwent processing, which involved assigning bond
orders, adding hydrogen atoms, creating zero-order bonds to metal ions, filling inside chains, and
completing missing loops using the Prime protein structure prediction program (Schrodinger LLC,
New York, NY, USA). Subsequently, the protein was energy minimized using the OPLS3 force field.
The protein was prepared by loading it into AutoDock Tools 1.5.6, where water molecules were
removed, polar hydrogens attached to heteroatoms were added and Kollman charges were assigned
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to the proteins. Finally, the prepared proteins were then saved in PDBQT format ready for Molecular
docking.

Molecular Docking

Blind docking was conducted using AutoDock Vina to identify potential binding sites across the
entire protein surfaces. The grid boxes were configured to encompass the whole proteins: HPV-16 E7
Protein: Center_x16.995, Center_y 22.469, Center_z 39.118, Size_x 100, Size_y 100, Size_z 100. HPV-
16 E6 Protein: Center_x -47.202, Center_y -38.847, Center_z -43.862, Size_x 94, Size_y 110, Size_z 88.
The grid boxes were designed to cover the entire proteins, enabling blind docking. The docking
exhaustiveness was set to 8 to ensure thorough sampling. Docking simulations were performed, and
the resulting docked poses were ranked based on their binding affinities (kcal/mol). The top binding
poses were selected for further analysis.

Pharmacophore Modelling

The key properties contributing to the interaction of the top-scoring compounds with the HPV
16 E6 and E7 oncoproteins were elucidated through pharmacophore modelling. Using the Phase tool
in Schrodinger Maestro 14.0, an e-pharmacophore hypothesis was generated based on the receptor-
ligand complex (Schrodinger Release 2020-4: Phase, Schrodinger, LLC, New York, NY, 2020). This
approach allowed us to identify critical interaction features, including hydrogen bond acceptors and
donors, hydrophobic regions, and aromatic rings, which are essential for binding affinity and
specificity.

ADMET Predictions

SwissADME Analysis: The SwissADME tool (Daina, Michielin, & Zoete, 2017) was employed
to assess various pharmacokinetic properties, including drug-likeness, bioavailability, and potential
for gastrointestinal absorption. This tool provided insights into the compounds' molecular properties,
lipophilicity, water solubility, pharmacokinetics, drug-likeness, and medicinal chemistry friendliness
(http://www.swissadme.ch/index.php).

PROTOX-II Analysis: For toxicity predictions, the PROTOX-II web server was utilized
(Banerjee et al., 2018). This tool predicted various toxicological endpoints such as hepatotoxicity,
neurotoxicity, nephrotoxicity, respiratory toxicity, cardiotoxicity, immunotoxicity, mutagenicity, and
carcinogenicity, among others (https://tox-new.charite.de/protox_II/). The results provided an
estimation of the compounds' LD50 values, toxicity classes, and potential organ-specific toxicities.

Molecular Dynamics Simulation

To gain deeper insights into the stability and dynamic behavior of the capsaicin-HPV
oncoprotein complexes, molecular dynamics (MD) simulations were conducted. The best-docked
poses of capsaicin with HPV 16 E6 and E7 oncoproteins were selected for the simulation. The selected
protein-ligand complexes were prepared using GROMACS tools, employing the CHARMMS36 force
field for the proteins, and the CGenFF server to generate parameters for capsaicin.

Each complex was placed in a cubic box with a minimum distance of 10 A from any edge of the
box to the complex and was then solvated using the TIP3P water model. Sodium and chloride ions
were added to neutralize the system, with an additional concentration of 0.15 M NaCl to mimic
physiological conditions. The systems were subjected to energy minimization using the steepest
descent algorithm until the maximum force fell below 1000 kJ/mol/nm, removing any steric clashes
or bad contacts.

Subsequent equilibration involved an NVT ensemble (constant Number of particles, Volume,
and Temperature) for 1 ns at 300 K using the V-rescale thermostat, followed by an NPT ensemble
(constant Number of particles, Pressure, and Temperature) for 1 ns at 1 bar using the Parrinello-
Rahman barostat. The production MD simulations were then carried out for 100 ns, with an
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integration time step of 2 fs and coordinates saved every 10 ps for analysis. The LINCS algorithm was
used to constrain all bond lengths, permitting the use of a larger time step.

The resulting trajectories were analyzed using GROMACS tools. Key parameters analyzed
included the root mean square deviation (RMSD) to monitor the structural stability of the complexes
over time. We further conducted a pioneering combined molecular dynamics simulation by
validation of the system's deformability, NMA mobility, variance, and covariance using the iMODS
server. This analysis enables a detailed assessment of the macromolecule's structural dynamics and
stability, offering valuable insights into its flexibility and motion patterns.

Results and Discussion

In this study, we aimed to identify potential inhibitors of the HPV 16 E6 and E7 oncoproteins
through molecular docking and dynamic simulation approaches. A comprehensive virtual screening
was conducted on several naturally occurring compounds, namely Capsaicin, Catechins, Lycopene,
Benzyl isothiocyanate (BITC), PEITC, Isoflavone, and Piperlongumine, to assess their binding affinity
and drug-likeness properties.

Molecular Docking and Binding Energy

The molecular docking results indicated that all tested compounds exhibited favorable binding
energies with the HPV 16 E6 and E7 oncoproteins, suggesting their potential as effective inhibitors,
as summarized in Table 1. However, binding energy alone is insufficient to designate a compound
as a viable drug candidate. Therefore, we further assessed the drug-likeness of these compounds
based on established criteria, including Lipinski's, Ghose's, Veber's, Egan's, and Muegge's rules.
These rules are commonly employed to predict the oral bioavailability and pharmacokinetics of drug-
like molecules, ensuring that the compounds not only bind effectively to their targets but also possess
suitable properties for further development as therapeutic agents. In previous studies, it has been
demonstrated that effective inhibitors of HPV E6 protein can significantly impact the interaction with
tumour suppressor proteins, such as p53, which is crucial in the context of cervical cancer treatment
[16,18]. The binding energies observed in our docking studies align with findings from other research
that highlights the importance of molecular interactions in the efficacy of potential inhibitors [19,20].
Moreover, the application of drug-likeness rules serves as a critical step in the drug development
pipeline, allowing for the selection of compounds that are more likely to succeed in clinical settings
due to their favourable pharmacokinetic profiles [21]. This comprehensive evaluation shows the
necessity of integrating binding affinity with drug-likeness assessments to identify promising
candidates for further investigation in HPV-related therapies.

Table 1. Molecular Docking Results and Hydrogen Bond Interactions of Selected Compounds with
HPV 16 E6 and E7 Oncoproteins.

16E6 16E7

Vinaresults | Hydrogen Vina  results | Hydrogen

Compounds (kcal/mol) | binding (kcal/mol) binding
interaction interaction
Capsaicin -7.3 ASP-98 -5.6 PHE-57

Catechins -6.5 LYS-115 -7.7 -
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Lycopene -9.3 - 9.5 -
CucurbitacinB -11.5 - -12.7 -
Benzylisothiocyanate (BITC) | -4.2 - -4.1 -
PEITC -3.9 - -4.1 -
Isoflavone -6.3 ARG-117 -74 -
Piperlongumine -5.5 - -5.9 -

Drug-likeness Analysis

The ADMET study results provide valuable insights into the pharmacokinetic properties of
various compounds, highlighting their potential as therapeutic agents. As shown in Figure 1 most
compounds exhibit moderate molecular weights, favouring good absorption and distribution.
Notably, Capsaicin and Lycopene have a higher number of heavy atoms, suggesting enhanced
interaction with biological targets and improved metabolic stability. Capsaicin also has a higher
fraction of sp® hybridized carbons, which is linked to favourable pharmacokinetic properties, while
Lycopene's lower saturation may hinder its solubility and absorption. In terms of solubility,
Capsaicin, Catechins, and Benzyl Isothiocyanate show moderate to high solubility, beneficial for
absorption, whereas Lycopene's insolubility poses challenges for formulation and bioavailability. The
Log P values indicate varying lipophilicity, with Lycopene demonstrating poor aqueous solubility,
while lower Log P values in Catechins suggest better solubility. Furthermore, our findings revealed
that among the tested compounds, Capsaicin, Catechins, Isoflavone, and Piperlongumine did not
violate any of the commonly used drug-likeness rules, such as Lipinski's Rule of Five, Ghose, Veber,
Egan, and Muegge criteria [22-24]. This suggests that these compounds possess favourable
physicochemical properties and are more likely to exhibit good oral bioavailability and
pharmacokinetic profiles, making them promising candidates for further investigation as potential
HPV 16 E6 and E7 inhibitors. On the other hand, Lycopene, CucurbitacinB, BITC, and PEITC
exhibited several violations of these drug-likeness rules as shown Figure 2. Violations of these rules,
which assess parameters like molecular weight, lipophilicity, hydrogen bond donors/acceptors, and
polar surface area, could potentially affect the absorption, distribution, metabolism, and excretion
(ADME) properties of these compounds [3]. As a result, their bioavailability and efficacy as drug
candidates may be compromised. This stringent selection process, which combines molecular
docking with drug-likeness evaluation, shows the importance of considering pharmacokinetic
properties in the early stages of drug discovery [25]. By applying these criteria, researchers can focus
their efforts on compounds with a higher probability of success, ultimately saving time and resources
in the drug development pipeline [20]. Only compounds with favourable drug-likeness profiles
should be considered for further validation through in vitro and in vivo studies.
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Figure 1. ADMET study results for the selected molecules. This figure presents the absorption,
distribution, metabolism, excretion, and toxicity (ADMET) profiles of all the docked compounds. The
results illustrate the pharmacokinetic properties and potential toxicological effects, aiding in the
assessment of the drug-likeness and safety of these molecules.
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Figure 2. Rule violations for various molecules. This figure displays the number and types of
pharmacokinetic rule violations, such as Lipinski's rule of five, for the studied molecules. The analysis
highlights which compounds deviate from standard drug-likeness criteria.

Interaction with HPV Oncoproteins

Given the promising drug-likeness profiles of Capsaicin, Catechins, Isoflavone, and
Piperlongumine, we further investigated their interactions with the HPV 16 E6 and E7 oncoproteins
as shown in Figure 4. Notably, Capsaicin demonstrated a unique ability to form stable hydrogen
bond interactions with both oncoproteins, thereby showing its strong and specific binding affinity.
Capsaicin formed one hydrogen bond with ASP-98 of the HPV 16 E6 protein and another with PHE-
57 of the HPV 16 E7 protein as illustrated in Figure 3. These amino acids are in the carboxy-terminal
regions of the E6 and E7 proteins, which contain crucial motifs essential for their biological functions.

The carboxy-terminal region of the E7 protein includes zinc-binding motifs vital for its structural
integrity and dimerization capabilities. This structural configuration allows E7 to interact effectively
with cellular proteins involved in cell cycle regulation and apoptosis [26-28]. Similarly, the E6 protein
interacts with several host proteins, including p53, to promote the degradation of tumor suppressors
and evade apoptosis, facilitating the oncogenic process.

Inhibiting the activity of E6 and E7 at their carboxy-terminal regions could disrupt these critical
interactions, potentially restoring normal cell cycle control and apoptosis mechanisms. This
mechanism of action positions Capsaicin as a promising candidate for therapeutic intervention in
HPV-related cervical cancer. Capsaicin's interaction with the ASP-98 of E6 and PHE-57 of E7 is
particularly significant, as these residues are integral to the oncoproteins' ability to hijack host cellular
machinery.
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Research indicates that targeting E6 and E7 can lead to significant therapeutic outcomes. For
instance, ribozyme targeting of HPV16 E6 and E7 transcripts has been shown to suppress cell growth
and enhance sensitivity to chemotherapy and radiotherapy in cervical cancer cells [8,28].
Furthermore, understanding the pathways modulated by E6 and E7 can aid in identifying potential
biomarkers for early detection and treatment response. These oncoproteins are involved in
dysregulating various cellular pathways, including those related to DNA damage response and
immune evasion [8,27].

Figure 3. Molecular docking interactions of Capsaicin with HPV 16 E6 and E7 oncoproteins. The
figure illustrates the binding of Capsaicin within the active sites of both A. HPV 16 E6 and B. HPV 16
E7 proteins, highlighting key interactions and the stabilization of the ligand within the protein
structures.
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Figure 4. Molecular docking interactions of Catechin, Isoflavone, and Piperlongumine with HPV 16
E6 and E7 oncoproteins. A. Interaction of Catechin with HPV 16 E6 protein. B. Interaction of Catechin
with HPV 16 E7 protein. C. Interaction of Isoflavone with HPV 16 E6 protein. D. Interaction of
Isoflavone with HPV 16 E7 protein. E. Interaction of Piperlongumine with HPV 16 E6 protein. F.
Interaction of Piperlongumine with HPV 16 E7 protein.

Molecular Dynamics Simulation

To further validate the stability of Capsaicin's binding to the HPV oncoproteins, we performed
molecular dynamics (MD) simulations. The results of these simulations demonstrated that Capsaicin
maintained stable interactions with both HPV 16 E6 and E7 throughout the simulation period,
indicating a good binding mode that is crucial for effective inhibition of the oncoproteins' function in
a biological setting as represented in Figure 5 and 6 respectively. Comparable studies have employed
MD simulations to assess the stability of natural compound interactions with HPV oncoproteins. For
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instance, a study by Mohabatkar et al. (2020) investigated the molecular interactions of plant-derived
inhibitors against HPV 16 E6 using MD simulations [15]. The researchers found that the compounds
Ginkgetin, Hypericin, and Apigetrin formed stable interactions with the E6 protein, with Ginkgetin
demonstrating the lowest binding energy of -8.45 kcal/mol [16]. This aligns with our findings
regarding Capsaicin's stable binding to E6, highlighting the importance of MD simulations in
validating the durability of inhibitor-oncoprotein interactions. Furthermore, a study by Basukala and
Banks (2021) discussed the potential of natural compounds, such as curcumin and indole-3-carbinol,
in inhibiting HPV activity by restoring p53 function [18]. The sustained interaction between Capsaicin
and the HPV oncoproteins throughout the simulation period suggests that it may effectively disrupt
the oncoproteins' ability to inactivate p53, a critical tumor suppressor, thereby restoring normal
cellular processes. In this work, in conjunction with GROMACS we also performed a simulation
analysis utilizing the iMODS webserver to assess the system's stability. The iMODS server uses
Normal Mode Analysis (NMA) to characterize macromolecules' collective functional movements
[29]. Each normal mode has a frequency that corresponds to the magnitude of relative motion as well
as a deformation vector that specifies the direction of atomic displacement, which aids in determining
molecular flexibility within the cellular environment.

Figures 7A and 8A represents the findings of the molecular dynamics (MD) simulation and
NMA of the Capsaicin/HPV 16 E6 and E7 protein complex. To simulate following transitions, we
iteratively distorted the input structure along the lowest modes, reducing the root mean square
deviation (RMSD) by superimposing the structures locally and globally. Main-chain deformability
measures atomic displacements summed across all modes at each atomic site, allowing us to identify
deformable areas within the protein. As seen in Figure 7B and 8B, peaks on the deformability graph
represent flexible parts, such as hinges or linkers, whereas lower values correlate to more stiff regions
of the main chain.

The B-factor derived from NMA assesses the relative amplitude of atomic displacements around
the equilibrium conformation of the molecular complex. As shown in Figure 7D and 8D, the B-factor
graph reveals the correlation between the mobility of the docked complex and PDB scores, which
represent the average RMSD. Additionally, each normal mode’s eigenvalue indicates the stiffness of
the associated motion, directly relating to the energy required for structural deformation. A lower
eigenvalue signifies easier deformation of the carbon alpha atoms. For the Capsaicin and HPV 16 E6
and E7 protein complex, the eigenvalues were 6.627858e-04 and 9.888688e-04, respectively, reflecting
the stability of the complex as represented in Figure 7C and 8C.

However, the Elastic Network Model (ENM) depicted in Figure 7G and 8G illustrates the
interconnectivity of different regions within the macromolecule and how these connections
contribute to its overall structural integrity. It effectively visualizes the network of interactions that
sustain the stability and rigidity of the structure, highlighting areas of varying stiffness. In this model,
each dot represents a spring connecting a pair of atoms, with colours indicating their stiffness; darker
shades of grey correspond to stiffer regions, while lighter dots signify more flexible areas. In our
study, the analysis revealed that HPV 16 E7 exhibits a greater proportion of stiffer regions compared
to HPV 16 E6, indicating enhanced structural rigidity. Despite this difference, both proteins
demonstrated good structural integrity throughout the simulations. Furthermore, as seen in Figure
7E and 8E the variance panel illustrates the distribution of variance across different modes, with
purple bars indicating the variance for individual components and green bars representing
cumulative variance. This visualization reveals the contribution of each mode to the overall motion
of the macromolecule. Additionally, the covariance matrix panel depicts the relationships between
the movements of paired residues. Correlated movements, shown in red, indicate residues that move
together, while uncorrelated movements in white suggest independent motion. Anti-correlated
movements, represented in blue, highlight residues that move in opposite directions. Understanding
these motion patterns is essential for comprehending the dynamic interactions among different
regions of the macromolecule.

Thus, our findings shed light on the dynamic behaviour and stability of the Capsaicin and HPV
16 E6 and E7 protein complexes. This sustained interaction between Capsaicin and the oncoproteins
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shows its potential as a durable and effective inhibitor, with implications for restoring normal cellular
function and suppressing oncogenic processes driven by HPV
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Figure 5. Molecular Dynamics Analysis of HPV 16 E6 Protein in Complex with Capsaicin. (A) Root
Mean Square Deviation (RMSD) Profile, Indicating the Stability of the Protein-Ligand Complex Over
5ns. (B) Root Mean Square Fluctuation (RMSF) Profile, Highlighting the Flexibility of Residues in the
HPV 16 E6 Protein Upon Binding with Capsaicin.
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Figure 6. Molecular Dynamics Analysis of HPV 16 E7 Protein in Complex with Capsaicin. (A) Root
Mean Square Deviation (RMSD) Profile Demonstrating the Stability of the Protein-Ligand Complex
Over a 5 ns Simulation. (B) Root Mean Square Fluctuation (RMSF) Profile, Illustrating the Flexibility
of Residues in the HPV 16 E7 Protein Upon Binding with Capsaicin.
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Figure 7. The figure shows Molecular Dynamics Simulation results of Capsaicin against HPV 16 E6
analysed via the iMODS server. Panel A illustrates NMA stability, Panel B displays structural
deformability, and Panel C shows eigenvalues indicating motion. Panel D presents B-factors reflecting
atomic fluctuations. Panel E depicts variance with individual (purple) and cumulative (green)
components. Panel F shows the covariance matrix, indicating correlated (red), uncorrelated (white),
and anti-correlated (blue) motions of paired residues. Panel G visualizes the Elastic Network Model,
highlighting structural connectivity.
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Figure 8. The Molecular Dynamics Simulation results of Capsaicin against HPV 16 E7 analysed via
the iMODS server. Panel A illustrates NMA stability, Panel B displays structural deformability, and
Panel C shows eigenvalues indicating motion. Panel D presents B-factors reflecting atomic
fluctuations. Panel E depicts variance with individual (purple) and cumulative (green) components.
Panel F shows the covariance matrix, indicating correlated (red), uncorrelated (white), and anti-
correlated (blue) motions of paired residues. Panel G visualizes the Elastic Network Model,
highlighting structural connectivity.

Toxicity Studies

The toxicity classification results as summarized in Table 2, reveal that the compound has a
moderate likelihood of hepatotoxicity, with a probability of 0.69, while showing low risks for
nephrotoxicity (0.90) and cardiotoxicity (0.77). In terms of toxicity endpoints, it has a moderate risk
of carcinogenicity (0.62) but a high potential for immunotoxicity (0.96). It is unlikely to cause
mutagenicity (0.97), cytotoxicity (0.93), or clinical toxicity (0.56), and exhibits low nutritional toxicity
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(0.74). The compound is classified as Toxicity Class 4, indicating low overall toxicity, with a predicted
LD50 of 1190 mg/kg, suggesting a high dose is needed for lethal effects in 50% of the test population.
While the findings highlight potential concerns regarding hepatotoxicity and immunotoxicity, the
overall toxicity profile appears acceptable, supporting its therapeutic application.

Table 2. summary of the predictions for various toxicity endpoints, along with the predicted LD50
and toxicity class.

Classification Target Prediction Probability
Organ toxicity Hepatotoxicity Active 0.69
Organ toxicity Nephrotoxicity Inactive 0.90
Organ toxicity Cardiotoxicity Inactive 0.77
Toxicity end points Carcinogenicity Inactive 0.62
Toxicity end points Immunotoxicity Active 0.96
Toxicity end points Mutagenicity Inactive 0.97
Toxicity end points Cytotoxicity Inactive 0.93
Toxicity end points Clinical toxicity Inactive 0.56
Toxicity end points Nutritional toxicity Inactive 0.74
Predicted LD50 1190 mg/kg
Predicted Toxicity Class Class 4

Conclusions

Based on the molecular docking, drug-likeness analysis, and molecular dynamics simulation,
Capsaicin emerged as the most promising candidate for inhibiting both HPV 16 E6 and E7
oncoproteins. Its ability to form stable hydrogen bonds and maintain consistent binding interactions
throughout the simulation period makes it a compelling candidate for further investigation.

We propose that Capsaicin be validated in wet lab experiments to confirm its efficacy in
inhibiting HPV 16 oncoproteins in cellular and animal models. Additionally, its pharmacokinetics,
toxicity, and potential for therapeutic application should be thoroughly investigated. The insights
gained from this study provide a strong foundation for the development of Capsaicin-based
therapeutics for the treatment of HPV-related cervical cancer.
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