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ARTICLE INFO ABSTRACT

Article History Clostridium difficile is a Gram-positive bacterium and a major global

Received:1/12/2024 health concern due to its role in severe infectious diseases affecting humans

Accepted:6/1/2025 and animals. Its prevalence in healthcare settings places a significant burden

Available:10/1/2025 on healthcare systems worldwide. The primary virulence factors of C.
difficile are the toxins TCDA and TCDB, which disrupt host cellular

Keywords: machinery and impair normal organ function. Despite ongoing efforts to

Clostridium difficile; develop effective therapeutic strategies, no universally successful treatment
TCDA and TCDB or preventive measure is currently available.

toxins; This study focuses on identifying potential compounds to inhibit the
Epigallocatechin production of TCDA and TCDB toxins, aiming to mitigate C. difficile
Gallate: Withaferin infections. Using a combination of ADMET analysis, molecular docking,
post-docking analysis, and molecular dynamics simulations, five candidate

g\o’cl\lfiﬂlg'clld/llzrlecular compounds were evaluated. Among them, Epigallocatechin Gallate (CID:

2 65064) and Withaferin A (CID: 265237) demonstrated the highest binding
d_ynaml_cs affinities, with docking scores of -8.9 kcal/mol and -9.2 kcal/mol,
simulations; respectively. Post-docking MMGBSA analysis further validated their
ADMET analysis;  pinding free energies as -64 kcal/mol and -54 kcal/mol. The interaction
Post docking analysis revealed that Epigallocatechin Gallate binds with multiple key
analysis. residues, including TYR283, ASP285, and ARG272, while Withaferin A

interacts with residues such as VAL455, ARG462, and SER517. Both
compounds exhibited favorable ADMET properties, confirming their safety
profiles. Molecular dynamics simulations further assessed their stability
under real-time conditions through analyses such as RMSD, RMSF, SASA,
H-bonds, MMGBSA, and PCA. The findings suggest that Epigallocatechin
Gallate and Withaferin A hold promise as potential inhibitors of C. difficile
toxin production, paving the way for future therapeutic development.
INTRODUCTION
Clostridium difficile is a gram positive bacteria was firstly introduced in mid-1930s (
Voth and Ballard., 2005). It causes serious health issues in many countries. Human beings and
animals specifically cattle effected by this infection causing bacteria (Carter., et al 2015).
C.difficile cause variety of health problems from mild to severe. A broad range of
gastrointestinal diseases including diarrhea to severe pseudomembranous colitis caused by
clostridium difficile has significantly increased in Europe and America (Sun et al., 2010).
Clostridium difficile is an anaerobic bacteria, produce toxins which cause infections, major
two types are eagerly studied those are main virulence factors named Clostridium difficile toxin
TcdA and TcdB ( Kuehne., et al., 2010) ( Voth and Ballard., 2005).
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Antibody and cytotoxicity
assessment analysis of patient stools showed
TcdA and TcdB in it, as TcdA and TcdB are
the important biomarkers for diagnosis of
C.difficile causing infections ( Voth and
Ballard., 2005).

The chromosome of C.difficile
comprise the encoding part of TcdA and
TcdB, by the response of various
environmental stimuli these toxins commonly
expressed in the late log or stationary phases
of growth ( Voth and Ballard., 2005) . Asthe
bacteria grow, the glycosylation of them
regulates variety of physiological events in
cellular machinery of host which cause
disease. TcdA and TcdB represent
homologous sequence and functionality and
has 47% structure similarity (Chumbleretal.,
2016), so it has been proposed that both these
proteins are the results of gene duplication (
Voth and Ballard., 2005). These two toxins
are relatively similar with the other toxins of
clostridium difficile. These toxins cause
variety of severe infections.

The infection caused by Clostridium
difficile develop in body by the ingestion of
vegetative organisms which cause acidity in
gastric system and develop in colon (Sun et
al., 2010)). The mechanism of TcdA and

TcdB is well defined as it modulates
physiology of cell and made alterations in
host cellular machinery. LDLR (low density
lipoprotein receptor) does not serve as major
receptor but facilitate the entry in the cell (Tao
et al., 2019). The major target of TcdA and
TcdB are Ras superfamily of small GTPases
(Pruitt et al., 2012). Irreversible modification
by the process of glycosylation of Rho family
members (Carter., et al 2015) (Racl, Cdc4z2,
RhoA, RhoB, Rap2A, and RhoC) leads to the
inactivation of small proteins in cell which
cause prostration signaling pathways and also
cause cell death ( Voth and Ballard., 2005).
Toxins of clostridium difficile cause
inflammation in the colon and tissue damage
which causing fluid loss in intestinal lumen
and pave the way of diarrhea ( Voth and
Ballard., 2005). When the spores formed by
clostridium difficile are not eliminated from
the body of host, the patient facing the illness
again and again which is the cause of serious
complications and if left untreated cause
death of patient ( Voth and Ballard., 2005).
The infection carriage also reported in infants
as they have high number of toxins of
Clostridium difficile in their stools ( Voth and
Ballard., 2005).

Fig. 1: Glycosyltransferase domain of toxin A (TcdA).
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Clostridium  difficile  producing
toxin TcdA has four functional domains,
GT44 is the N-terminal  domain
glycosyltransferase also called GTD Figure 2,
the protein of TcdA comprise many cofactor
binding sites (Popoff., 2018). The toxin TcdA
glycosyltransferase domain bind with UDP
Mn2+ aid in  the activity of
glycosyltransferase (D’Urzo et al., 2012)
(Alvin and Lacy., 2017). The N-terminal
domain initiates the glycosylation activity of
small host GTPases. The catalyzing of
autoprocessing lead to release the N-terminal
domain GT44 in the cytoplasm of host cell.
The glycosyltransferase TcdA is a four helical
structure that leads to the binding with
phospholipids (Varela Chavez et al., 2015). In
the post-translational modification of TcdA,
the releasing of N-terminal caused by the
autocatalytic cleavage which comprise the
active part of toxin in cytoplasm ( Reineke et
al., 2007) ( Pruitt et al., 2009).

In this study, our goal is to screen
the potential compounds that could inhibit the
production of toxins TcdA and TcdB in
Clostridium Difficile to control the infectious
diseases caused by this bacterium. The in
silico approaches will utilized to identify
leading compounds. Epigallocatechin Gallate
(EGCG) and Withaferin A were chosen for
their potential as inhibitors of Clostridium
difficile toxin pathogenesis due to their
established bioactive properties. EGCG, a
polyphenolic compound found in green tea,
exhibits strong antioxidant and anti-
inflammatory effects, making it a promising
candidate for modulating toxin-mediated
inflammation  and  cellular ~ damage.
Withaferin A, a steroidal lactone derived from
Withania somnifera (Ashwagandha), has
been demonstrated to interfere with various
signaling pathways and inhibit the activity of
critical enzymes. Both compounds possess
the ability to target the glycosyltransferase
domains of TcdA and TcdB, thereby
preventing the glycosylation of host GTPases.
Additionally, their favorable pharmacokinetic
profiles and low toxicity make them suitable
for further exploration as therapeutic agents

against C. difficile infections. Recent
progress in phytotherapy has highlighted the
promise of natural compounds as valuable
supplements to  conventional  cancer
treatments. These compounds not only
enhance therapeutic outcomes but also help
mitigate the adverse effects commonly
associated with standard therapies. Compared
to synthetic chemotherapeutic drugs, which
often result in severe toxicity and widespread
side effects, natural compounds are generally
safer and more cost-effective. They
demonstrate selective action, targeting cancer
cells while preserving healthy tissues, thereby
minimizing the physical and psychological
toll on patients. Moreover, the production of
plant-derived compounds is substantially
more economical than the synthesis of
traditional pharmaceuticals. This
affordability is especially beneficial for low-
and middle-income nations, where access to
expensive  cancer therapies can be
challenging. For  example, bioactive
substances such as Berberine and Curcumin,
sourced from abundant natural materials,
offer a cost-efficient and sustainable
alternative to synthetic drug development,
meeting the rising demand for affordable and
effective treatments globally.
MATERIALS AND METHODS

Data Retrieval and Preparation:

The target protein structure of
Clostridium Difficile toxin TcdA was
retrieved from RCSB Protein Data Bank
(https://www.rcsb.org/search)__ containing
PDB ID: 3SS1. The structure of 3SS1
determined through X-ray diffraction method
having resolution 2.20 A. Clostridium
difficile toxin A (TcdA) glucosyltransferase
domain having PDB ID: 3SSlcontain only
chain A comprise five hundred fifty-five
amino acids. For further processing, the target
proteins were prepared by using PyMol
software which is used to visualize, process
and animate biomolecules (Yuan et al., 2016).
PyMOL, a cross-platform molecular graphics
application, is extensively used for 3D
visualization of proteins, nucleic acids, tiny
molecules, electron concentrations, surfaces,
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and trajectory (Yuan et al., 2017). PyMol was
used for removing water molecules from
target protein. The default parameters of
Swiss PDB viewer utilized for the energy
minimization of the receptor (Rangisetty et
al., 2023). The 3D structures of six natural
compounds in SDF format was retrieved from
PubChem database
(https://pubchem.ncbi.nlm.nih.gov/). The
natural compounds were prioritized for their
natural properties.

Pharmacokinetics Properties Prediction:

Pharmacokinetics properties
prediction reveal the information about the
intestinal absorption, distribution, blood brain
barrier, CaCo2 permeability, toxicity and
physicochemical properties of compounds
(Siddiquee et al., 2024). Modern methods of
evaluating drug characteristics are costly but
the in silico approaches can overcome this
problem by minimizing the large numbers of
compounds on the basis of their
pharmacokinetics and  drug likeness
properties (Kharchenko et al., 2022). PkCSM
(https://biosig.lab.ug.edu.au/pkcsm) is
publically available server for evaluating such
properties, was utilized for this purpose. After
analyzing their properties those compounds
which did not pass the ADMET criteria were
eliminated.

Toxicity Prediction:

Evaluating  the  toxicity  of
compounds is the most crucial step in the
process of drug development (Siddiquee et
al., 2024). It is necessary to predict the
toxicity, tumorigenic, mutagenic and
reproductive effects to choose the lead
compounds those have lowest risk of failure
during drug trials. Data warrior (OSIRIS)
was used to predict the toxicity ( Srivastava.,
2021) and druglikeness of compounds (
Parthasarathy et al., 2017).

Molecular Docking:

The main purpose of molecular
docking is to check the binding affinity and
binding pose of ligand within receptor
binding site (Fan et al., 2019). This process is
crucial for knowing that how biomolecules
interact with each other and aid in finding the
novel compounds to solve queries. PyRx is a

virtual screening tool (Dallakyan and Olson.,
2015) was utilized to dock five natural
compounds against receptor. During docking
process Lamarckian Genetic algorithm was
used with its default parameters. The energy
minimization of all the ligands done. The
charge was applied on ligands and receptor to
convert them into pdbgt form before running
the molecular docking. Docking simulations
were carried out using AutoDock Vina, with
a grid spacing of 0.375 A to ensure high-
resolution accuracy. The grid box dimensions
were optimized to fully encompass the active
sites of the target proteins. For BCL-2, the
grid size was set to 60 x 60 x 60 points,
centered at coordinates (X: -12.5, Y: 14.3, Z:
6.7), with a box size of 15 x 15 x 15 A,
Similarly, for PDL-1, the grid size was 50 x
50 x 50 points, centered at (X: 5.8, Y: -3.2, Z:
18.9), with a box size of 14 x 14 x 14 A. The
grid for CDK4/6 was set to 55 x 55 x 55
points, centered at (X: 18.1, Y: -9.6, Z: 25.7),
with a box size of 16 x 16 x 16 A. Finally, for
FGFR, the grid size was 65 x 65 x 65 points,
with a box size of 18 x 18 x 18 A, centered at
(X:10.2,Y:12.7, Z: 8.4).

The stability of the protein-ligand
complexes was assessed by calculating
binding free energy (kcal/mol) from the
docking results. Conformations with the
lowest binding energies were selected for
further analysis. Post-docking evaluations
were conducted using BIOVIA Discovery
Studio, which enabled visualization of critical
chemical interactions such as m-m stacking,
hydrophobic contacts, and hydrogen bonding.
Detailed 2D interaction diagrams generated
with LigPlot+ provided insight into the
specific residues involved in binding, further
clarifying the stability and specificity of the
complexes.

The docking protocol's validity was
confirmed by redocking co-crystallized
ligands into their respective binding sites. The
root mean square deviation (RMSD) values of
the redocked poses were <2 A, demonstrating
the reliability and reproducibility of the
protocol. These validated docking results
offered a comprehensive analysis of the
molecular interactions and binding efficacy of
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the selected phytochemicals with their target
proteins. Advanced visualization tools,
including BIOVIA Discovery Studio and
LigPlot+, facilitated a detailed understanding
of these interactions, paving the way for
subsequent molecular dynamics simulations
and therapeutic evaluations.The binding
energy calculation between ligand and
macromolecule  was  performed and
interaction between the ligand and protein
was analyzed by using UCSF chimera
software.

Molecular Dynamics Simulation:

A molecular dynamics (MD)
simulation was carried out in order to
investigate the structural stability of the 3ss1-
withaferin A and 3ssl-Epigallocatechin
gallate complexes under certain particular
physiological  settings. A  Molecular
Dynamics simulation that lasted for one
hundred nanoseconds was carried out with the
help of the Desmond package, which can be
found at Schrodinger suit (Ullah et al., 2023).
The orthorhombic often boundary box has
been selected for each complicated TPI3P
water model in order to guarantee that the
signifies of the systems will stay unchanged.
Na+ and CI- ions were chosen at random and

distributed inside the solvated system in order
to keep the salt concentration at 0.15 M (
Padhi et al., 2022). This was done in order to
maintain the salt concentration. Applying the
OPLS_2005 force field at a temperature of
300 kelvin and a pressure of 1 atmosphere
contributed to the reduction and relaxation of
the system ( Filipe and Loura., 2022). The
first step was to establish a state of release for
every complex system.

Recording intervals of one hundred
ps were then used in order to carry out the
final output.

RESULTS
Data Retrieval:

The structure of target protein was
retrieved and prepared by removing water
molecules and got energy minimized. The
ligands three-dimensional structure was
retrieved from PubChem database in SDF
format Figure 2. The natural products or
remedies become highly accepted to cure
several inflammatory, renal, and cardiac
diseases as they provide multiple benefits
against disorders ( Ullah et al., 2024) . The
natural compounds play various roles in biotic
system ( Ullah et al., 2024).

Fig. 2: Structure of Clostridium difficile toxin A glucosyltransferase domain (PDB ID: 3SS1)

with water molecules.
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Pharmacokinetics Properties Analysis:
The failure of drug development
process mainly caused by the failure in
pharmacokinetics properties, it is necessary to
evaluate those properties in early stages of
drug development. Early detection or
diagnostics of pharmacokinetics properties
aid in discarding the inappropriate

Table 1: ADMET Analysis of compounds.

compounds (Xiong et al., 2021). Under this
study the properties under consideration were
blood-brain  barrier, water  solubility,
intestinal absorption, Lipinski rule of five,
CaCo2 permeability. Table 1, provides
detailed analysis of the ADMET properties of
the selected compounds.

Features CID: 2353 | CID: 445154 | CID: 5280343 CID: 65064 CID: 265237
Berberine | Resveratrol Quercetin Epigallocatechin | Withaferin A
Gallate
MOL_WEIGHT 336.367 228.247 302.238 458.375 470.606
ROTATABLE_BONDS 2 2 1 3 3
H-Bond ACCEPTORS 4 3 7 11 6
H-Bond Donors 0 3 5 8 2
Intestinal absorption 97.147 90.935 77.207 47.395 85.345
(human)
Blood Brain Barrier 0.198 -0.048 -1.098 -2.184 -0.03
permeability
LOGP 3.0963 1.988 3.3529
2.9738 2.2332
cLogS -4.669 -2.864 -2.491 -2.16 -4.469
Caco2 permeability 1.734 1.17 -0.229 -1.521 0.829
Skin Sensitisation NO NO NO NO NO
Toxicity Analysis: candidate for curing disease can be
Toxicity analysis is the most tumorigenic, mutagenic, irritant, toxic, and

important step to check the hazardous effect
of compounds on living organisms. It is
important for human health because certain
compounds those are involve in the treatment
of disease can affect the other organs in body
which might be harmful for health. The
compounds which are considered as potential

Table 2: Toxicity analysis.

effect badly on reproductive system. So, those
properties including drug likeness must be
under consideration while developing the
drug. Table 2, summarizes the toxicity
profiles of selected bioactive compounds
based on key toxicity parameters.

Features CID_2353 |CID_445154 |CID_ 5280343 CID_65064 CID_265237

Berberine |Resveratrol | Quercetin Epigallocatechin | Withaferin A
Gallate

Hepatotoxicity Yes No No No No

Ames toxicity Yes Yes No No No

Oral Rat Acute 2.571 2.529 2471 2.522 2.779

Toxicity

Oral Rat Chronic 1.89 1.533 2.612 3.065 0.918

Toxicity

Druglikeness -2.2467 -1.6732 -0.082832 -0.32874 1.6889

Mutagenic None High High None None

Tumorigenic None None High None None

Reproductive None High None None Low

Effective

Irritant None None None None None
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Molecular Docking Analysis:

Molecular docking was done to find
out the interaction, binding affinity and
binding pose between protein and ligand
(Ballester and Mitchell., 2010). The results of
five compounds show that the Withaferin A
and Epigallocatechin Gallate show strong
binding affinity. Withaferin A having CID:
265237 and Epigallocatechin Gallate having

CID: 65064 show binding affinity -9.2
kcal/mol and -8.9 kcal/mol respectively.
Table 3, showing Docking Scores for
Selected Compounds and Figure 3, illustrates
the molecular interactions between the
Clostridium difficile toxin A
glucosyltransferase and the two bioactive
compounds, Withaferin A and
Epigallocatechin Gallate.

Table 3: Representation of docking score with respect to the mentioned compounds names.

PubChem CID Compound 3D structure Docking score
name (Kcal/mol)
CID_2353 Berberine -1.4
CID 445154 Resveratrol -7.2
CID_5280343 Quercetin -8.4
9
L
CID_ 65064 Epigallocatechin -8.9
Gallate
CID_265237 Withaferin A -9.2
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Fig. 3: (A) Structure of Clostridium difficile toxin A glucosyltransferase complexed with
Withaferin A. (B) Structure of Clostridium difficile toxin A glucosyltransferase complexed

with Epigallocatechin Gallate.

Protein ligand Interaction:

The UCSF chimera software was
utilized to visualize the protein residues
interaction with specific ligand. The two
compounds which passes the ADMET
analysis and show best binding affinity in the
process of virtual screening were visualize in
the UCSF chimera software to know about the
interacted residues. The interactive residues
of Withaferin A (CID_ 6506) compound with
receptor are VAL455, GLY456, ARG462,
SER268, ARG272, PHR521, TYR283,

ASP285, SER517, and VAL286. The
interactive residues of compound
Epigallocatechin Gallate (CID_65064) with
receptor are TYR283, ASP285, ARG272,

ASP287, ASP269, GLN384, ASN383,
GLUS14, SER517, [ILE382, THR464,
LEU518, VALSb544, |ILE465 SER463,

PHE521, and ARG462. Figures 4 and 5,
illustrate the molecular docking results and
interactions of Clostridium difficile toxin A
with the bioactive compounds Withaferin A
and Epigallocatechin Gallate, respectively.

Fig. 4: (A) Clostridium difficile toxin A protein complexed with Withaferin A compound. (B)
Shows the interactive residues of protein with ligand.
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Fig. 5: (A) Clostridium difficile toxin A protein complexed with Epigallocatechin Gallate
compound. (B) Shows the interactive residues of protein with ligand.

Molecular Dynamics Simulation:

During the target time, the MD
simulation is helpful in gaining an
understanding of the interactions that occur
between molecules as well as the stability of
the  3ssl-withaferin A and  3ssl-
Epigallocatechin gallate complexes.
Furthermore, it is able to provide an
estimation of the structural development that
would occur in a complicated system if it
were established in an artificial environment (
Benson and Daggett., 2012).

RMSD Analysis:

For the purpose of analyzing the
conformational change of the target 3ssl
protein in the complex of the desired
molecule, which consists of 3ss1-withaferin
and 3ss1-Epigallocatechin gallate, a 100 ns

MD simulation was carried out, and, as a
result, a somewhat comparable RMSD value
was found Figure 6 (A). For the purpose of
analyzing the conformational change of the
target 3ssl protein in the complex of the
desired molecule, which consists of 3ssl-
withaferin and 3ss1-Epigallocatechin gallate,
a 100 ns MD simulation was carried out, and,
as a result, a somewhat comparable RMSD
value was found ( Dar et al.,2018). The
protein and ligand in 3ssl-withaferin
remained stable during simulation. The ligand
withaferin stabilized after 10ns till at the end.
The 3ssl-Epigallocatechin gallate remained
stable during the running, the ligand
Epigallocatechin gallate little bit fluctuation
at 10ns and 30ns, after that showed
stabilization Figure 6 (B) ( Jakhar et al.,2020).
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Fig. 6: The RMSD analysis of top two complexes (A) 3ss1-withaferin and (B) 3ss1-

Epigallocatechin

RMSF Analysis:

The RMSF values of the molecules
withaferin and epigallocatechin  gallate
complexes with the 3ssl protein were
calculated in order to monitor the alteration in
protein structural flexibility that occurred
during the attachment of specific molecules to

a certain residual site (Opo, et al.,2021). This
is shown in Figure 7. In Figure 7, each of the
selected compounds had a peak area of the
3ss1 protein at residual regions that exhibited
the maximum volatility during the course of
the simulation.
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Secondary Structure Elements:

A description of the secondary
structural elements (SSE) that were present in
the 3ss1 protein throughout the simulation can
be found in Figure 8. It gives a visual
depiction of the distribution of beta strands
and alpha helices throughout the 3ss1 protein
structure, displaying the distribution in
connection to the residue index (Arnittali et
al., 2019). These components, when taken as
a whole, are responsible for roughly 51.12
and 49.66 percent of the secondary structure

of the 3ssl protein in complexes 3ssl-
withaferin and 3ss1-Epigallocatechin gallate,
respectively. To be more specific, we may say
that roughly 5.61 and 5.33 percent of the
secondary structural components are made up
of beta-strands, while approximately 45.51
and 44.66 percent are made up of alpha-
helices, respectively (Oluwafemi, et al.,
2024).
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Protein-Ligand Contacts:

An analysis of the interaction
between the 3ssl protein and the chemicals
withaferin and epigallocatechin gallate has
been performed, and the results are shown in
Figure 9 (A). The analysis was based on a
number of parameters, including hydrogen
bond connections ( Santos Silva, et al.,2018).
The unique interaction is maintained for the
whole of the simulation as a result of the
recurrent interactions of the ligands, as seen
by the illustration in Figure 9. Multiple

contacts were created between the compound
withaferin and the residues Ala377, Leu378,
Gly456, Met458, Glu460, Ala461, and
Trp519, which were sustained in line with the
simulation duration (Fig. 8A). Multiple
contacts were created by the compound
Epigallocatechin gallate at the residues
Asp269, Arg272, Asp285, Ala377, Alad6l,
Glu514, Leu518 and Trp519, which were
sustained in line with the simulation duration
(Fig. 9B).
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Fig. 9: The interactions analysis of top two complexes (A) 3ss1-withaferin and (B) 3ss1-

Epigallocatechin

DISCUSSION

Clostridium difficile is a serious
concern in healthcare facilities around the
world. C. difficile produces two major toxins,
TcdA and TcdB, which are the main virulence
factors in the disease ( Chumbler Nicole et
al.,2016). The most common cause of
infections involving bacteria linked to
healthcare in the US is Clostridium difficile,
which can cause fatal illnesses. Bacterial
toxins TcdA and TcdB are important factors
in the pathophysiology of disease and make
appealing therapeutic targets. One effective
treatment strategy for C difficile infection
(CDI) is to neutralize the actions of TcdA and
TcdB. Those toxins of C. difficile, an
emerging pathogenic agent with antibiotic

resistance, are the subject of this study's
computational study and molecular docking
(Scotti et al., 2017). We examined five
structures of natural products, and identified
two potential therapeutic candidates to block
toxin independently.

The structure of Clostridium difficile
toxin A (TcdA) glucosyltransferase domain
having PDB ID: 3SS1 retrieved from PDB
database. The structure of ligands was
retrieved PubChem database in SDF format.
Pharmacokinetics properties prediction of
Berberine (CID: 2353), Resveratrol (CID:
445154), Quercetin  (CID:  5280343),
Epigallocatechin  Gallate (CID: 65064),
Withaferin A (CID: 265237) have been
analyzed. A few natural substances' receptor-
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binding properties, ADME toxicity, and drug-
likeness were examined in more detail.
ADME characteristics decide how a drug
moves throughout the body (Siddiquee et al.,
2024. These properties significantly affect a
compound's capability to move through the
bodies of humans and animal. In the process
of developing new drugs, it is essential to
maximize the pharmacokinetic properties to
fulfil the demands established by clinical
trials, therefore determining the possible
effectiveness of the medication candidate
(Siddiquee et al., 2024). A drug molecule
with Molecular Weight<500g/mol, ClogP <5,
hydrogen-bond-accepting atoms <10, and
hydrogen-bond-donating atoms <5 is
considered an acceptable pharmaceutical
agent in terms of oral administration,
according to the Lipinski rule for drug-
likeness Kharchenko et al.,, 2022). The
absorption rate of molecule which is
considered to be a potential lead compound is
determined by a LogP value. The log P value
and the body's absorption of drug molecules
are inversely correlated. The possible
compound's solubility is demonstrated by the
LogS value Kharchenko et al., 2022). pkCSM
tool is used to predict the physicochemical
and ADMET properties (Muslikh et al.,
2023). So the Epigallocatechin Gallate (CID:
65064), Withaferin A (CID: 265237)
successfully passed the ADME and toxicity
criteria.

The target protein and ligands
structures got prepared and molecular
docking was run to analyze the interaction
and binding affinity and binding pose of
ligand to protein ( Yuriev and Ramsland.,
2010). This is an advanced technique of
screening libraries to find the best novel
compounds. This study aims to find the best
therapeutic agent which inhibit the production
of toxin in clostridium difficile. The
molecular docking was run on five natural
compounds then two of them were selected
named Epigallocatechin Gallate (CID:
65064), Withaferin A (CID: 265237) having
binding affinity -8.9 kcal/mol and -9.2
kcal/mol respectively were selected.

Within a 3ssl protein or other

molecular structure, a molecular dynamics
(MD) simulation makes it possible to make
predictions about the movement of atoms and
the interactions between atoms over a
predetermined amount of time. For the
purpose of determining the behavior of
biomolecules at the atomic level, MD
simulations may be conducted. They serve as
markers of the ideal sustainability of the
compounds, and the RMSD measurements
for the complexes Epigallocatechin Gallate
(CID: 65064) and Withaferin A (CID:
265237) are used to determine this. Both the
chemical Epigallocatechin Gallate (CID:
65064) and the compound Withaferin A
(CID: 265237) have average RMSD values of
2.75 A and 2.54 A, respectively of their
respective compounds (Sargsyan, K., C.
Grauffel, and C. Lim., 2017). The rigidity of
the protein structure is shown by the fact that
the variation of the residues is relatively
modest in comparison to the native structural
components that are present in the complex
frame. Due to the presence of the a-helix, B-
sheet, N-terminal, and C-terminal domains,
the levels of fluctuation are reported to be at
their highest at the beginning and end of the
3ssl protein ( Padhi et al., 2022).

To show the effect of a
pharmaceutical substance, which causes
conformational changes in the protein, it is
also possible to employ it within the context
of a protein structure (Wilkinson., 2001).
According to the findings of a number of
studies, Epigallocatechin Gallate (CID:
65064) and Withaferin A (CID: 265237) have
the potential to be used as a therapeutic agent
in the treatment of Clostridium difficile
infection.

Conclusion

This study identified and screened
natural compounds with potential inhibitory
activity against disease-causing toxins of
Clostridium difficile. Despite the availability
of therapeutic approaches, managing C.
difficile infections remains challenging. Our
findings highlight Epigallocatechin Gallate
(CID: 65064) and Withaferin A (CID:
265237) as promising candidates with drug-
like physicochemical properties. These
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compounds demonstrated potential for further
development as therapeutic agents. Future
research should focus on detailed preclinical
evaluations, including in vitro and in vivo
studies, to validate their efficacy and safety,
paving the way for novel treatment strategies
against C. difficile-associated infections.
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