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Abstract

Human papillomavirus (HPV) is a major cause of cervical cancer and other epithelial cancers. EI and
L1 proteins are crucial to the virus's life cycle. EI, a viral helicase, is essential for HPV DNA
replication, and L1 is the main structural capsid protein that builds the virion and infects target cells.
Targeting these proteins offers a promising strategy to inhibit viral proliferation. In this context,
Rauvolfia serpentina, a medicinal plant known for its wide range of pharmacological effects and high
alkaloid content, appears to be a promising natural source for therapeutic agents. This work
investigates the molecular interactions between HPV E1 and L1 proteins and phytoconstituents from
Rauvolfia serpentina using molecular docking techniques. The ability of alkaloids like ajmaline,
serpentine, and sandwicine to bind to the target proteins' active sites was assessed. According to the
docking studies, these bioactive substances have favorable binding energies and establish stable
molecular interactions with key residues in the El and L1 proteins. Ajmaline, in particular,
demonstrated strong affinity for the El helicase domain, which may indicate inhibition of viral
replication. Likewise, ajmaline demonstrated strong interaction with LI, suggesting potential
disruption of viral entry and capsid formation. This study provides computational evidence that
Rauvolfia serpentina contains compounds capable of interacting with and potentially inhibiting critical
HPV proteins. These results highlight the need for further experimental studies to validate the antiviral
potential of the identified phytocompounds. The findings underscore the potential of plant-derived
molecules in developing alternative therapeutic strategies against HPV infection, especially by
targeting essential viral proteins through molecular interactions.

Keywords: Ajmaline, Anticancer, Cervical Cancer, Human Papillomavirus, Molecular Docking,
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INTRODUCTION
Human papillomavirus (HPV) is a small, non-enveloped, double-stranded DNA virus that primarily
infects epithelial cells of the skin and mucous membranes. The virus comprises numerous genotypes
that differ in their transmissibility and oncogenic potential [1]. Transmission occurs mainly via direct
contact, making HPV one of the most prevalent
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immune system within 6 months to 2 years, a subset of infections may persist, inducing cellular
abnormalities that can progress to cervical cancer [1].

The established connection between HPV infection and cervical cancer has driven the World Health
Organization (WHO) to implement a global strategy aimed at eliminating cervical cancer through
vaccination, screening, and treatment of precancerous lesions [3]. Although infections are often
asymptomatic, some may present as genital warts, which, despite being benign, can lead to physical
discomfort and psychological distress [4]. Epidemiological data suggest that HPV contributes to over
90% of cervical cancer cases globally. Prevalence varies geographically, with asymptomatic infections
affecting 57.7% of women in Eastern Asia, 32.3% in Eastern and Southern Africa, and 3.7% in Western
Europe, primarily among individuals under 25 years of age. In men, prevalence ranges from 17.2% in
South Africa to 3.2% in parts of Asia. Risk factors include multiple sexual partners, human
immunodeficiency virus (HIV) infection, and homosexual behavior, with the infection burden
disproportionately higher in low- and middle-income countries [5].

Vaccination remains the most effective preventive approach, as established HPV infections are
difficult to eliminate due to the virus residing in deep epithelial layers. Available vaccines include a
bivalent formulation targeting HPV 16 and 18, a quadrivalent vaccine covering HPV 6, 11, 16, and 18,
and a 9-valent vaccine offering the broadest coverage [5]. However, vaccine efficacy decreases when
administered post-infection, since vaccines primarily prevent viral entry rather than clear existing
infections. Furthermore, high costs and limited financial support restrict access in several regions [5],
highlighting the need for alternative therapeutic strategies.

Medicinal plants have historically provided bioactive compounds with therapeutic potential against
infectious and non-infectious diseases. Several plant-derived metabolites demonstrate antiviral activity,
including compounds effective against influenza [6] and HIV [7]. Plant metabolites have also inspired
clinically relevant antiviral drugs, such as oseltamivir, derived from shikimic acid extracted from star
anise (/llicium verum Hook.f)) [8]. Indole-3-carbinol from cruciferous vegetables exhibits anti-
estrogenic effects in cervical cells [9], ursolic acid shows anti-mutagenic and apoptosis-inducing
activity [10], resveratrol from grape skins modulates the cell cycle and enhances radiosensitivity in
cervical tumor cells [11], and gingerol, the main bioactive component of ginger, exhibits antioxidant
and anticancer properties, suppressing colorectal carcinogenesis [12].

Rauwolfia serpentina, an evergreen shrub in the Apocynaceae family, is native to tropical and
subtropical regions of Asia, including India, Bangladesh, Sri Lanka, the Himalayas, Burma, and
Indonesia [13]. Commonly known as Sarpagandha or Snake root, it contains pharmacologically active
secondary metabolites, particularly indole alkaloids concentrated in the roots and rhizomes [14].
Traditionally, R. serpentina has been used in Ayurvedic and Siddha medicine to treat hypertension,
insomnia, epilepsy, anxiety, schizophrenia, gastrointestinal disorders, and menstrual irregularities.
Phytochemical studies report alkaloids, phenols, tannins, and flavonoids [15]. Among its constituents,
serpentine acts as a topoisomerase II inhibitor with antipsychotic activity, and peroxidase catalyzes its
formation from ajmalicine. Given the global burden of chronic diseases and the need for therapeutics
with fewer side effects and broader acceptability, R. serpentina has emerged as a promising candidate
due to its wide range of pharmacological effects, including antioxidant, anticancer, antidiuretic,
antiarrhythmic, antidysentery, antidiarrheal, antihypotensive, anticontractile, and tranquilizing
activities [16].

This in silico study investigates interactions between bioactive phytochemicals and HPV target
proteins. Three-dimensional models of the HPV E1 and L1 proteins were generated using the PyRx
server, followed by structural optimization and energy minimization through the Energy Minimization
Server. Molecular docking with selected natural ligands was performed using AutoDock to assess
binding interactions with the E1 and L1 oncoproteins [17].
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METHODS
Retrieval of Protein

The three-dimensional crystal structures of the pentamer structure of Major Capsid Protein L1 of
Human Papillomavirus type 16 (PDB ID 2R5H) and the hexameric helicase of papillomavirus E1 (PDB
ID 2GXA) were retrieved from the Research Collaboratory for Structural Bioinformatics Protein Data
Bank (RCSB PDB) (https://www.rcsb.org/) in PDB format. The missing residues were modeled.
Proteins 2R5H and 2GXA were resolved using X-ray diffraction, with resolutions of 3.70 A and 3.15
A, respectively [18].

Retrieval of Ligands

A literature survey and search on open-access Dr. Duke's Phytochemical and Ethnobotanical
databases revealed that approximately 40 molecules were reported from R. serpentina. Of these,
structural information for 28 molecules was collected from the databases [19], and the canonical
Simplified Molecular Input Line Entry System (SMILES) and PubChem ID of the selected ligands were
documented. The ligands were downloaded in Structure Data File (SDF) format
(https://pubchem.ncbi.nlm.nih.gov/) [19], out of which 21 molecules were considered.

Pharmacological Studies

Swiss ADME (http://www.swissadme.ch/) analysis assesses ligands' pharmacological qualities based
on their physicochemical characteristics, such as lipophilicity, saturation, insolubility, flexibility, size,
and polarity [20]. The ligands were then filtered using Lipinski's Rule of Five, Pan-Assay Interference
Compounds (PAINS), gastrointestinal (GI) absorption, and bioavailability.

Chemical absorption, distribution, metabolism, excretion, and toxicity (ADMET) analysis facilitates
drug discovery. ADMET properties are crucial for determining pharmacological efficacy as a possible
candidate for pharmaceutical research and for identifying drug-like features. The ADMET analysis was
performed using ADMET]Iab 2.0, an online server (https://admetmesh.scbdd.com/) [21]. Based on the
docking data, the ligands with the higher negative binding affinity were selected for ADMET analysis.
After being retrieved from PubChem, the top six ligands' canonical SMILES were evaluated using
ADMET in the ADMETlIab 2.0 website.

Protein Purification

To purify proteins 2R5H and 2GXA, water molecules were removed because their free energy did
not match their crystallographic structure. All water molecules were completely removed before
docking because they could have an impact on the outcome. To simplify the protein structure, all other
extra chains were eliminated, leaving only the A-chains. To improve the quality of the purified protein,
polar hydrogen atoms were added, and the prebound heteroatoms and complexed ligands were removed
from the protein structure. Protein purification was accomplished using BIOVIA DS Discovery Studio
[22]. The PDB sum generator website
(https://www.ebi.ac.uk/thorntonsrv/databases/pdbsum/Generate.html) was used to perform
Ramachandran plot analysis and secondary structure prediction on the purified structures [23].

Validation of Protein Structure

The Ramachandran plot is used to assess the quality of a protein based on the torsion angles (Psi and
Phi) in a protein structure. The number of amino acid residues found in the permitted, prohibited, and
favorable regions is displayed using Ramachandran plot statistics [24]. Using the PDBsum generator
(https://www.ebi.ac.uk/thorntonsrv/databases/pdbsum/create.html), the Ramachandran plot and
secondary structure of a protein were obtained from the stored purified protein files.

Molecular Docking

The purified proteins (2RSH) and (2GXA) were uploaded into PyRx as macromolecules, and the
plant's phytocompounds were loaded into PyRx as ligands. The ligands were converted from SDF to
PDB format using OpenBabel [25]. Grid dimensions for the center were formed and chosen for the
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active site. The ligands were docked independently against 2R5H major capsid protein L1 using the
PyRx web server, and energy was reduced. In the PyRx software, the ligands adopt nine different
conformations to attain the best binding conformation with the protein. The degree of binding is
evaluated based on the binding affinity. The lowest binding affinity indicates the best docking
conformations; therefore, the top six ligands with the lowest binding affinity scores at zero root mean
square deviation values (RMSD) were visualized in the DS Biovia Discovery Studio. From the docking
analysis, the most effective compounds were 3,4,5-trimethoxybenzoic acid, ajmaline, isosandwicine,
papaverine, sandwicine, and serpentine.

Visualization

The interactions between the phytocompounds and the active sites of the target proteins were
analyzed and visualized using Biovia Discovery Studio. This software enables detailed two-dimensional
and three-dimensional representations of protein—ligand interactions. Interacting amino acids and types
of interactions, such as non-bonding interactions, bond distances, and bond types, were evaluated. This
provided crucial information for analyzing the binding affinity and stability of the complexes.

RESULT
Protein Structure Analysis

The Ramachandran plot is a valuable tool for assessing the energetically favorable conformational
space of amino acid torsion angles (¢ and y) within a protein structure. For alpha-synuclein, the
Ramachandran plot generated using PROCHECK (see Figure 1 and Figure 2) indicates that 82.6% of
the residues are located within the most favored regions, represented in red, which correspond to
sterically permissible conformations. Notably, no residues (0.0%) were found in disallowed regions.
Among the 262 total residues, 235 are non-glycine and non-proline, 11 are glycine, 9 are proline, and 7
represent terminal residues (see Figure 1).

The Ramachandran plot for the 2R5H protein (see Figure 3) showed 71.9% of residues in the most
favored regions and 0.6% in disallowed regions, supporting the structural reliability of the model. The
remaining 6.7% are distributed within additionally allowed sub-regions. Out of a total of 419 residues,
360 are non-glycine and non-proline, 30 are glycine, 25 are proline, and 4 are terminal residues (see
Figure 3).

According to the secondary structure prediction provided by PDBsum, protein 2GXA (see Figure 2)
is predicted to contain 2 beta-sheets, 1 beta-hairpin, 7 beta-strands, 13 helices, 18 helix—helix
interactions, 21 beta-turns, and 1 gamma turn. Similarly, the secondary structure of protein 2R5H (see
Figure 4) comprises 8 beta-sheets, 6 beta-hairpins, 7 beta-bulges, 25 beta-strands, 11 helices, 2 helix—
helix interactions, 41 beta-turns, and 6 gamma turns.

Physicochemical Properties of Selected Phytochemicals

The physicochemical characteristics of the selected phytocompounds were examined to understand
their behavior and to support the assessment of their safety profiles. These properties were analyzed
using the SWISS-ADME web server, and the findings are presented accordingly. Based on the SWISS-
ADME evaluation, all the investigated phytocompounds exhibited favorable physicochemical features.

SWISSADME Analysis and ADMET Analysis

Important requirements for a compound to be employed in drug products include its physicochemical
features, absorption, distribution, metabolism, excretion, and toxicity (ADMET) properties, Lipinski's
rule of 5, and PAINS (Pan-Assay Interference Compounds) filters. For the production of medicine with
the fewest side effects, toxicity prediction and aggregate data are also crucial. Therefore, the
phytocompounds retrieved from Rauvolfia serpentina (R. serpentina) were subjected to
pharmacological studies to determine their drug-like properties.
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Figure 1. Ramachandran plot of protein 2GXA.
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Figure 2. Secondary structure of protein 2GXA.
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Figure 3. Ramachandran plot of protein 2R5H.

I'R(I 174 (A
-

-135 -90

2

AVVIETDEYVARTNIYYHAG I RLIAVOHPY FPIKK PNNUK T IV PKVOG LOYRV FRIHLPD

20 25 30 35 40 45 50 55 60 65 70 75
L AL - ’*’:i---.»—:r— ;;II.FT -

PP FO FPIINS FY NPITOR LVWACVOV FENVG RGO POV TOOH P LLMNC LDIY T ERASIAYAA NA

80 %; 90 D95 100 195 110 115 120 125 139 135
5 - - £ - I ) p: >

GVDNRPEC IGMODYKOTOLO LIGOCK PP IG EHWG NG PCTITOVAVO TG DO PPLELI NIV IODGD

140 145 150 155 160 165 170 175 180 185 190 195

<G H2 I' <3 F _HD " . D

i op = » B b — "q g S >

MVIICG FOAMD F I T LOANKS FVIPLDICITH ICKY PDY I KMV EPYG DO LFFYLRRODOM VR

200 205 210 215 220 225 230 235 240 245 250 255

‘ I i ‘:4 ‘ - P> . L i

L TOUACTVO IV PDD LY I KGOGO TANLAS O NY F P PGS DA T FTOC P YW LORACGH

260 265 270 275 280 285 290 295 300 305 310 315
B —— e [ £ 0 I - .

NG ITCWSNO LFVIVVEZI DI NT DS LOCAA TSI I TY KNTNFK EY LRSS KEYDILONFI FO 1O

320 325 330 335 340 345 350 355 360 365 370 375

"7 : HS H10 H11

e o — = =g g

KITI/TADVITDY T HISANS T L LW FOPLEKKY T FWEVNLKEK FUIADLDOFPIGRK FLLO

380 385 390 395 400 438 445 450 455 460 465 470

L
472
Figure 4. Secondary structure of protein 2R5H.
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Pharmacological Studies
The phytoconstituents from R. serpentina were subjected to physicochemical screening based on the
parameters listed in Table 1, and the physicochemical properties of the top ligands are listed in Table 2.

Lipinski and PAINS Filter Analysis

The Lipinski rule has five parameters (see Table 3), and a compound must adhere to at least four of
them. As per the results (see Table 4), it is evident that the top six ligands fulfill Lipinski's Rule of 5
without any violations, as well as the PAINS rule.

ADME Analysis

An ADME analysis has four key characteristics. The extent of the substance's intracranial movement
is constrained by the Blood-Brain Barrier (BBB). This information is essential for creating a medicine.
The amount of gastrointestinal (GI) absorption should be substantial to maximize the drug's efficacy.
In addition, the material must be easily soluble. Lower negative solubility levels are consequently
accepted. As per the results (see Table 5), it is evident that all the ligands have high gastrointestinal
absorption, and they also have good solubility and bioavailability.

Toxicity Prediction

The following are some of the key characteristics of toxicity prediction. The human Ether-a-go-go-
Related Gene (hERG), Hepatotoxicity (H-HT), Drug-Induced Liver Injury (DILI), Ames test, Rat Oral
Acute Toxicity (ROA), and Carcinogenicity parameters were evaluated using ADMETLAB
(admetlab3.scbdd.com/server/evaluationCal) to determine the toxicity of the top six ligands (see Table
6). FDAMDD was not used in this analysis.

Table 1. Parameters for physicochemical properties.

Properties Optimal Range
Lipophilicity xLogP -0.7-+5.0

Size MW 150-500 g/mol

Polarity TPSA 20-130

Saturation Sp3 hybridization Not<0.25

Flexibility Rotatable bonds Not more than 9

Table 2. Physicochemical properties.

Ligands MW Fraction Csp3 Rotatable bonds TPSA Lipophilicity
3,4,5-trimethoxybenzoic acid 212.2 0.3 4 64.99 1.45
Ajmaline 326.43 0.7 1 46.94 1.81
[sosandwicine 442.5 0.58 3 121.54 -0.91
Papaverine 339.39 0.25 6 49.81 2.95
Sandwicine 326.43 0.7 1 46.94 1.81
Serpentine 349.4 0.33 2 55.2 3.08

Table 3. Lipinski rule parameters.

Properties Optimal Range
MW 150-500 daltons
MlogP <4.15

H donors <5

H acceptors <10

MR 40-130
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Table 4. Data for the properties of the PAINS and Lipinski rule obtained using SwissADME.

Ligands MW MLogP | HDonors | H Acceptors | PAINS Molar
refractivity
3.,4,5-trimethoxybenzoic-acid 212.2 0.8 1 5 0 52.88
Ajmaline 326.43 2.67 2 3 0 99.87
Isosandwicine 442.5 1.67 4 7 0 124.29
Papaverine 339.39 1.78 0 5 0 97.16
Sandwicine 326.43 2.67 2 3 0 99.87
Serpentine 349.4 2.21 1 3 0 100.49

Table 5. ADME data obtained using SwissADME.

Ligands BBB GI PGP Solubility
Absorption Substrate (LOGSw-SILICOS IT)

3,4,5-trimethoxybenzoic-acid Yes High No -2.16
Ajmaline Yes High Yes -2.25
Isosandwicine No High Yes -2.25
Papaverine Yes High Yes -7.1
Sandwicine Yes High Yes -2.25
Serpentine Yes High Yes -4.93

Table 6. Toxicity analysis.

Ligands hERG H-HT | DILI Ames ROA Carcinogenicity
3.4,5-trimethoxybenzoic-acid 0.049 0.5 0.705 | 0.287 0.307 0.445
Ajmaline 0.243 0.566 0.559 | 0.609 0.404 0.463
Isosandwicine 0.159 0.505 0.661 0.589 0.36 0.232
Papaverine 0.281 0.541 0.579 | 0.475 0.387 0.682
Sandwicine 0.182 0.587 0.296 | 0.677 0.678 0.28
Serpentine 0.346 0.511 0.934 | 0.751 0.802 0.706

Molecular Docking and Virtual Screening

The outcomes of the molecular docking and virtual screening conducted using PyRx software are
presented in Tables 7 and 8. The binding affinities of all the screened ligands towards the 2R5H and
2GXA protein targets were determined. For subsequent evaluation, the docking pose exhibiting the
highest binding energy, along with optimal RMSD/ub and 1/1b values, was selected. Phytocompounds
with a binding energy of —6.2, such as ajmaline, sandwicine, and serpentine, showed the most favorable
negative binding energies (see Tables 9 and 10). Therefore, these three were considered for further
analysis. The ligand ajmaline demonstrated the lowest binding with both target proteins (2RSH and
2GXA), but with different binding energies. Therefore, the binding interactions of ajmaline with 2R5H
and 2GXA were visualized. From the 2D and 3D interaction diagrams, it is evident that the ligand
interacts with the protein by establishing bonds with significant amino groups, such as PHE, LEU, PRO,
CYS, TRP, ASP, GLN, LYS, and GLY.

Table 7. Docking score of 2GXA protein with selected ligands.

Ligands PUBCHEM ID Binding affinity with 2GXA
Ajmaline 441080 -7.9
Sandwicine 15559808 -7.6
Serpentine 73391 -7.3
Papaverine 4680 -7.2
3,4,5-trimethoxybenzoic acid 8357 -5.3
Isosandwicine 134828126 -4.5
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Table 8. Docking score of 2R5H protein with selected ligands.

Ligands PUBCHEM ID Binding affinity with 2R5H
Ajmaline 441080 -7.6

Sandwicine 15559808 -7.3

Serpentine 73391 -6.9

Papaverine 4680 -6.3
3,4,5-trimethoxybenzoic acid 8357 -5.1
Isosandwicine 134828126 -5

Table 9. Docking score of the top three ligands with protein 2GXA.

Ligands PUBCHEM ID Binding affinity with 2GXA
Ajmaline 441080 -7.9
Sandwicine 15559808 -7.6
Serpentine 73391 -7.3

Table 10. Docking score of the top three ligands with protein 2R5H.

Ligands PUBCHEM ID Binding affinity with 2R5SH
Ajmaline 441080 -7.6

Sandwicine 15559808 -7.3

Serpentine 73391 -6.9
DISCUSSION

Cancer is a leading cause of morbidity and mortality globally and remains a significant barrier to
increasing life expectancy. In 2020, approximately 19.3 million new cancer cases and 10 million deaths
were reported [26]. Human papillomaviruses (HPVs) are DNA viruses that specifically infect epithelial
cells, and their replication is closely linked to epithelial differentiation. Over 200 HPV genotypes have
been identified, each exhibiting distinct tissue tropism and infection characteristics. HPV infections
contribute to a variety of lesions, including genital warts, hand and foot lesions, and are implicated in
cancers such as cervical, esophageal, head and neck, brain, and lung malignancies. Differences in
clinical outcomes, traditional risk factors, and higher prevalence in certain populations, and geographic
regions have heightened interest in studying HPV infections.

Human Papillomaviruses (HPVs) belong to the Papillomaviridae family and are highly adapted to
their hosts, enabling the evasion of immune responses. Most of the more than 200 characterized HPV
types infect humans, with cervical cancer being the primary outcome of persistent HPV infection in
women. While Papillomaviridae members share similar genome organization and capsid structure,
sequence variations and amino acid differences give rise to distinct HPV groups. HPV genomic DNA
consists of three regions of unequal size; the early proteins "E¢' and "E;* play critical roles in cervical
carcinogenesis. The viral capsid comprises 72 pentameric capsomeres made of 'L;" protein units, each
associated with an "L," protein. Integration of HPV DNA into the host genome dysregulates oncoprotein
expression: "E¢' promotes degradation of the tumor suppressor 'p53" via the formation of a complex
with "E¢ -associated protein ("E¢AP"), while "E;" binds cyclin-dependent kinase inhibitors, disrupting
cell cycle control. Viral replication occurs in basal epithelial cells and requires early proteins "E;* and
'E,’, with "E;" acting as a transcriptional regulator for 'Es' and "E;". HPV replication involves a rolling-
circle integration mechanism [26].

Plants have long served as valuable sources of bioactive compounds with therapeutic potential,
particularly in oncology. Between 1981 and 2014, nearly 49% of anticancer agents were derived from
plant sources [27]. Rauvolfia serpentina (L.) Benth. ex Kurz, commonly referred to as Sarpagandha or
Indian Snakeroot, is an important medicinal shrub of the Apocynaceae family. It is native to moist
deciduous forests in South and Southeast Asia, including India, Bangladesh, Sri Lanka, Myanmar, and
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Malaysia; the genus Rauvolfia encompasses over 100 species worldwide [28]. Cultivation of this plant
has increased considerably, and its stems and leaves, along with roots, are widely used in agricultural
and pharmaceutical applications due to their rich content of bioactive alkaloids [29].

R. serpentina contains a diverse array of indole alkaloids, including ajmaline, ajmalinine, reserpine,
rauwolscine, serpenticine, isoajmaline, rawolfinine, renoxycine, rescinamine, reserpilline, serpentine,
sarpagine, and tetraphyllicine, which are reported to have therapeutic potential against various
conditions such as hypertension, insomnia, gastrointestinal disorders, eye diseases, fever, wounds,
asthma, splenic and uterine complications, malaria, pneumonia, headaches, and dermatological issues
[30]. Alkaloids are unevenly distributed within the plant, with the root bark containing the highest
concentration—approximately 90%—compared to only 1.7-3.0% in the root [30]. Leaves contain
comparatively fewer alkaloids than roots. Several alkaloids from R. serpentina, including reserpine
[31], yohimbine, and serpentine [32], have been investigated in vitro for their anticancer properties.

In this study, 21 phytocompounds were selected based on their pharmacological applications. The
ligands 3,4,5-trimethoxybenzoic acid, ajmaline, isosandwicine, papaverine, sandwicine, and serpentine
exhibited the highest binding affinity against the targeted proteins 2GXA and 2R5H. The top three
ligands (ajmaline, sandwicine, and serpentine) were subsequently selected for further visualization.
These interactions were visualized using Dassault Systémes BIOVIA Discovery Studio.

An overall analysis of the "2D" structure of the top three ligands involved in docking with 2R5H of
ajmaline (see Figure 5) revealed the implication of GLN:69, LYS:64, ASP:197, and TRP:447 as the
amino acids present. Docking with 2R5H of sandwicine (see Figure 6) indicated the presence of
TYR:135, ALA:287, SER:288, and ALA:139. For the serpentine ligand (see Figure 7), the amino acids
found were ALA:136, ALA:287, ALA:139, and LEU:286.
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Figure 5. Visualization of molecular interactions of protein 2R5H with the Ajmaline ligand.
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Figure 6. Visualization of molecular interaction of protein 2R5H with the Sandwicine ligand.
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Figure 7. Visualization of molecular interaction of protein 2R5H with the Serpentine ligand.

Analysis of the 2D’ structure of the top three ligands involved in docking with 2GXA. For ajmaline
(see Figure 8), the amino acids identified were LEU:442, PHE:544, PRO:434, PRO:435, CYS:443, and
GLY:433. For the sandwicine ligand (see Figure 9), the presence of ASP:478, CYS:443, THR:521,
PHE:431, and GLY:433 was indicated. For the serpentine ligand (see Figure 10), the amino acids found
were ASP:478, ASN:523, and THR:521.
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Figure 8. Visualization of molecular interaction of protein 2GXA with the Ajmaline ligand.
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Figure 9. Visualization of molecular interactions of protein 2GXA with the Sandwicine ligand.
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Figure 10. Visualization of molecular interaction of protein 2GXA with the Serpentine ligand.

Furthermore, in silico testing of the top six compounds was conducted to predict their drug-likeness
and ADMET (Absorption, Distribution, Metabolism, Excretion, and Toxicity) characteristics. The
results are listed in (see Tables 1-6).

CONCLUSION

The findings of this study highlight the potential of Rauvolfia serpentina derivatives—Ajmaline,
Sandwicine, and Serpentine—as promising therapeutic agents, particularly against Human
Papillomavirus (HPV) associated cervical cancer. Among the tested ligands, Ajmaline exhibited the
strongest binding affinities with both target proteins 2GXA and 2R5H, recording binding energies of -
7.9 and -7.6 kcal/mol, respectively, as detailed in (see Tables 7 and 8). The observed interaction strength
and stability highlight its potential to serve as an effective inhibitor. The high negative binding affinities,
coupled with favorable pharmacological parameters, indicate that these plant-derived compounds
possess significant therapeutic potential. As interest in plant-based drug discovery continues to rise,
such bioactive compounds from medicinal plants may pave the way for innovative and more natural
approaches to disease prevention and treatment. This study supports the role of phytochemicals in future
drug development and their potential in combating HPV-induced cervical cancer.
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List of Abbreviations

ADMET Chemical absorption, distribution, metabolism, excretion, and toxicity
CSV Comma-Separated Values

GI Gastrointestinal absorption

SDF Structure Data File

PDB Protein Data Bank

MR Molar refractivity

MW Molecular weight

PAINS Pan-Assay Interference Compounds

SMILES Simplified Molecular Input Line Entry System
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RMSD Root mean square deviation
UB Upper bound
LB Lower bound
BBB Blood-brain barrier
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