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ARTICLE INFO ABSTRACT

Keywords: Background: Helicobacter pylori (H. pylori) is a persistent bacterial inhabitant in the stomachs of
Gastric cancer approximately half the global populace. This bacterium is directly linked to chronic gastritis,
Helicobacter pylori

leading to a heightened risk of duodenal and gastric ulcer diseases, and is the predominant risk

Binding free energy factor for gastric cancer - the second most common cause of cancer-related deaths globally. The

Drug design

Phytochemicals

Molecular docking

Molecular dynamic simulation
And PCA

increasing prevalence of antibiotic resistance necessitates the exploration of innovative treatment
alternatives to mitigate the H. pylori menace.

Methods: Initiating our study, we curated a list of thirty phytochemicals based on previous
literature and subjected them to molecular docking studies. Subsequently, eight phyto-

compounds—Glabridin, Isoliquiritin, Sanguinarine, Liquiritin, Glycyrrhetic acid, Beta-carotin,
Diosgenin, and Sarsasapogenin—were meticulously chosen based on superior binding scores.
These were further subjected to an extensive computational analysis encompassing ADMET
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profiling, drug-likeness evaluation, principal component analysis (PCA), and molecular dynamic
simulations (MDs) in comparison with the conventional drug, Mitomycin.

Results: The natural compounds investigated demonstrated superior docking affinities to H. pylori
targets compared to the standard Mitomycin. Notably, the phytocompounds Diosgenin and Sar-
sasapogenin stood out due to their exceptional binding affinities and pharmacokinetic properties,
including favorable ADMET profiles.

Conclusion: Our comprehensive and technologically-advanced approach showcases the potential
of identified phytocompounds as pioneering therapeutic agents against H. pylori-induced gastric
malignancies. In light of our promising in silico results, we recommend these natural compounds
as potential candidates for advancing H. pylori-targeted drug development. Given their potential,
we strongly advocate for subsequent in vitro and in vivo studies to validate their therapeutic ef-
ficacy against this formidable gastrointestinal bacterium.

1. Introduction

Helicobacter pylori, a Gram-negative bacterium, exclusively colonizes the gastric mucosa and plays a significant role in peptic ulcer
disease, gastritis, and gastric cancer [1]. It is affecting nearly 50 % of the global population [2], this persistent infection leads to chronic
inflammation and an increased risk of duodenal and gastric ulcer diseases, as well as stomach cancer, the second most significant cause
of cancer deaths worldwide [3]. H. pylori’s unique spiral shape and 3 to 5 polar flagella enable long-term survival in the stomach’s
highly acidic environment [4]. Gastric and esophageal cancers, known as gastric cancer (GC) and gastro-esophageal adenocarcinoma
(GEA), are the fourth leading cause of cancer-related deaths [5]. The incidence of these diseases varies geographically, with the highest
rates in Asia/Pacific and the lowest in America [6,7]. Treatment options for gastric cancer remain limited and often expensive, with
many side effects [8]. Current therapies include chemotherapy, surgery, radiation therapy, hormonal therapy, antibiotics and
immunotherapy [9]. H. pylori infection is the primary cause of precancerous lesions, leading to atrophic gastritis and intestinal
metaplasia [10,11]. The bacterium’s impact on gastric cell stress-adaptive pathways contributes to chronic infection and gastric
disease development [12]. The onset of gastroduodenal disease due to H. pylori is linked to increased production of interleukin 8 and
tumor necrosis factor-alpha (TNF-alpha) in the stomach [13]. Novel medications are urgently needed to reduce the global burden of
gastric cancer incidents.

Several researchers have reviewed the anticancer potentials of natural sources, food products, and phytochemicals and their role in
developing drugs and functional foods for the prevention and management of cancerous conditions, gastric cancer, countering H. pylori
infection, and induced GC through mechanisms of action are yet to be elucidated completely and understood in a better way [14-20].
Traditionally, nature has been regarded as a highly effective source of medicine with minimal harmful side effects. It is widely believed
that all possible remedies might be possible to obtain from natural sources [21,22]. Besides, natural products have been utilized
throughout history, particularly in folk medicine to treat various ailments and diseases. This practice dates back to ancient times. The
approaches of natural product chemistry have been around for a long time, allowing it to find a massive variety of bioactive secondary
metabolites from terrestrial and marine sources. A significant number of these naturally occurring substances are now being
considered for use as potential therapeutics. In Fig. 1, it is illustrated the development of Gastric cancer and the proposed mechanism
action of our reported ligands.

This research highlights the remarkable potential of bioactive natural compounds in expediting the discovery of novel stomach
cancer treatments. Computational study allows for a more efficient drug development process by reducing time, resources, and costs.
Early identification of promising biomolecules helps minimize potential failures during wet lab experiment, paving the way for
practical applications in designing and developing effective therapeutic option for the treatment of gastric cancer therapies [23].

2. Ligand selection and their earlier effectiveness of the studied compound
2.1. Glabridin

Glabridin, a prenylated isoflavone found in the roots of G. glabra L. (European licorice, Fabaceae), has a wide variety of biological
effects, including antioxidant, anti-inflammatory, anti-atherogenic, regulation of energy metabolism, estrogenic, neuroprotective,
anti-osteoporotic, and skin-whitening effects [24]. Glabridin has many biological functions and therapeutic benefits in cancer treat-
ment [25], including anti-inflammatory and antioxidant properties. The pharmacological effects of Glabridin are numerous and
include the prevention of Staphylococcus, Candida, and other bacterial infections, the treatment of metabolic abnormalities to reduce
obesity, diabetes, and cardiovascular disease, the protection of nervous system function, the prevention of cancer, the treatment of
inflammation, the treatment of osteoporosis, etc. Glabridin also acts as an estrogen substitute and has anticancer and
anti-inflammatory properties [26].
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Fig. 1. Mechanism of action of proposed ligands against H. pylori, and inhibition of Gastric Cancer.

3. 2. Isoliquiritin

Isoliquiritin (ILQ) is one of the active elements of the traditional Chinese medicinal plant Glycyrrhiza uralensis, which has been used
for hundreds of years to treat detoxification, swelling, and injuries as a herbal medicine [27]. In vitro, invasion and angiogenesis of
cancer cells and endothelial cells are suppressed by isoliquiritin [28]. One of the extracts used in traditional Chinese medicine, iso-
liquiritin, has demonstrated an inhibitory impact on several malignancies, including stomach cancer and oral carcinoma [29].

3.1. Sanguinarine

Sanguinarine, a bioactive benzophenanthridine alkaloid, is found in plants of the Papaveraceae family and is used in traditional
medicine [30]. Both the growth and invasion of gastric cancer cells are slowed by sanguinarine. The inhibitory efficacy of sanguinarine
on Gastric Cancer cell proliferation was investigated by the CCK-8 test. Hence, we discovered that sanguinarine inhibited the expansion
of GC cells while having minimal impact on GES-1 cells [31]. Inhibition of BGC-823 gastric cancer cell proliferation by sanguinarine is
mediated through the downregulation of miR-96-5p/miR-29¢-3p and the MAPK/JNK signaling pathway [22]. Furthermore, By
modulating the TOX/DNA-PKcs/KU70/80 pathway, sanguinarine suppresses the growth of gastric cancer tumors [32].

3.2. Liquiritin

Licorice is regarded as a medicinal plant in China, Korea, and Japan and has several pharmacological properties, including anti-
bacterial, anti-inflammatory, antioxidant, and even anticancer properties. The licorice flavonoid Liquiritin has been proposed to
have anti-inflammatory and anticancer properties [33,34]. Liquiritin may inhibit the growth of human gastric cancer cells by inducing
apoptosis. Apoptosis and autophagy are induced by liquidity through the miR-206/PI3K/AKT pathway in gastric cancer cells [33].

3.3. Glycyrrhetinic acid

The bioactive component glycyrrhizin, found in high concentrations in licorice root, is rapidly converted by gut commensal
bacteria into 18-p Glycyrrhetinic acid [35]. Glycyrrhetinic acid has anti-inflammatory, antioxidant, and cancer-preventive properties
[36]. The viability of gastric cancer cells is significantly reduced by GA and 11-DOGA in a dose- and time-dependent manner. Gastric
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cancer cells treated with Glycyrrhetinic acid undergo apoptosis and G2 phase arrest due to the overexpression of p21 and the
downregulation of cdc2 and cyclin B1 [37].

3.4. Beta-carotene

Beta-carotene is a plant pigment in red, orange, or yellow foods. When the human body needs more vitamin A, it changes beta-
carotene into vitamin A. Beta-carotene is a powerful antioxidant that prevents the damage that superoxide radicals can do to cells
[38]. In humans, the beta-carotin (provitamin A) found in sea buckthorn benefits embryonic growth, a healthy pregnancy, and overall
growth and well-being [39]. Beta-carotene ameliorates oxidative stress in lead-exposed workers by boosting glutathione metabolism
and altering antioxidant defense mechanisms [40]. The combination of beta-carotene and vitamin A may help lower the risk of lung
cancer in high-risk populations by acting as antioxidants [41].

3.5. Diosgenin

Diosgenin is a steroidal sapogenin found in high concentrations in various plants, including Smilax China, and Trigonella foenum-
graecum. This compound has shown great promise and interest in treating a wide range of conditions, including cancer, hypercho-
lesterolemia, inflammation, and several different types of infection [42]. Diosgenin has widespread in vitro anti-proliferative and
pro-apoptotic actions on cancer cells [43]. Many studies have suggested Diosgenin may have potent anticancer properties [36]. Gastric
cancer cells with hypoxia mimic-induced increased invasion and survival may be vulnerable to Diosgenin’s anti-invasion and
anti-proliferation effects [44]. Diosgenin has been shown to suppress the development of various malignancies. This includes breast,
esophageal, liver, and stomach cancers. Diosgenin triggered autophagy and apoptosis in a human prostate cancer cell line [45].

3.6. Sarsasapogenin

The bioactive lead compound sarsasapogenin, found in Anemarrhena asphodeloides Bunge, has great promise in t treating Alz-
heimer’s disease [46]. Several pharmacological effects of Sarsasapogenin, including its anti-inflammatory, neuroprotective, and
age-related memory impairment ameliorating properties, have been described [47]. Its altered structure and a number of its
discovered derivatives have been shown to exhibit biological effects, including antitumor activity, antidepressant activity,
anxiolytic-like action, and an A-reducing effect [48]. Sarsasapogenin is also effective against several cancers, including hepatocellular
carcinoma and cervical carcinoma [49].

4. Materials and methodology
4.1. Determination of Lipinski rule and pharmacokinetics

Lipinski’s rule and drug-likeness properties by Chris Lipinski analysis is a well-established approach to discriminate between
molecules that resemble drugs and those proposed by Chris Lipinski [50,51]. The molecular weight of any drug molecule must be 500
g/Mol or less. The lipophilicity value of drug molecules should not be more than 5 (calculated in logP unit), Any pharmacological
molecule may have up to five hydrogen bond (H-bond) donors, but not more. Any drug molecule must only have no more than ten
H-bond acceptors present in its chemical structure. According to Lipinski, any drug molecule following this rule should have a good
oral drug candidate. Prediction of drug likeliness can immensely help medicinal chemistry develop more effective novel therapeutic
compounds. To determine and analyze the drug likeliness and forecast of the data of Lipinski’s five rules, the SwissADME online web
server [52] (http://www.swissadme.ch/index.php) have been used and noted different parameters such as H-bond acceptor and
donner, topological polar surface area (TPSA), molecular weight, number of rotatable bonds and Consensus Log P, , [53,54]. TPSAisa
crucial factor in evaluating drug transport ability. Having a suitable TPSA value (<130 °A) indicates successful transportation of drug
molecules, and the ideal TPSA value range is 20-130 °A [55,56]. Analysis of all these values will support electing the most appropriate
compounds for the next steps.

4.2. ADMET analysis

If a molecule can be transported to its intended location with adequate concentration or quantity and must remain in the body for
the anticipated time to execute a biological reaction, it may be regarded as a drug. For assessing these features, ADMET calculations
were investigated. ADMET stands for absorption, distribution, metabolism, excretion, and toxicity. Calculating ADMET properties for
any drug-like compound is crucial since around 50 % of drugs fail to violate these pharmacokinetics properties [57]. For that reason,
successful ADMET for the selected compounds was calculated using a web-based tool called pkCSM (https://biosig.lab.uq.edu.au/
pkesm/prediction) [58]. The canonical SMILES of all molecules was collected from the PubChem database. Then those canonical
SMILES were imported into the pkCSM server for ADMET data calculation. Our study prioritized ADMET properties like water sol-
ubility, Plasma Protein Binding, Human Intestinal Absorption, Caco-2 Permeability, Blood-Brain Barrier, Renal Organic Cation
Transporter, CYP450 2C9, Hepatotoxicity, AMES toxicity, etc. ADMET properties of selected molecules were further compared with
the standard drug’s (Mitomycin) ADMET property.
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4.3. Ligand preparation and molecular optimization

The main aim of this step is to assess various binding poses of interaction for identifying the most substantial interacting protein-
ligand complex using an appropriate optimization method. This optimization method is immensely crucial because the precision of
docking positively correlates with the procedure’s effectiveness [59]. We have utilized Density functional theory (DFT) to rearrange
atomic elements and optimize the geometry of the molecules so that we can achieve configuration with the minimum ground-state
energy. All ligand structures were imported into the material studio program for utilizing the computational quantum mechanical
modeling procedure density-functional theory (DFT) was applied [60]. Fig. 2 has displayed the 3D structure.

4.4. Target structure selection, preparation, and molecular docking study and visualization

The RCSB protein data bank was employed to obtain the three-dimensional (3D) structure of the proteins from H. pylori in PDB
format [61]. The proteins of our interest are H. pylori -carcinogenic TNF-alpha-inducing protein (PDB ID: 3GUQ; Resolution: 2.47 A
Method: X-ray diffraction; Organism: H. pylori) and Crystal structure of protein Lpp20 (HP1456) from Helicobacter pylori (PDB
ID:50K8; Resolution: 1.87 A; Method: X-ray diffraction; Organism: H. pylori) [62,63]. To prepare these proteins for molecular docking,
the crystal structures were first cleaned using BIOVIA Discovery Studio Visualizer, such as missing hydrogen, incorrect bond order, and
side-chain shape, which has been corrected along with removing the excess molecules such as water and unwanted hetero atoms to get
a purified protein structure for molecular docking [64]. In most cases, water molecules do not contribute to the substrate or drug’s
binding with the receptor. Hence, they were eliminated to simplify computations and relieve the binding location. Besides, previously
docked unwanted hetero atoms can occupy the receptor’s desired active site. As a result, they were removed to free up the active site
allowing calculations to be carried out more quickly. Molecular docking was performed using PyRx software packages [65]. Swiss-Prot

Fig. 2. Thethree-dimensional (3D) structures of the most suitable eight molecules and the standard molecule.
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Helicobacter pylori-carcinogenic TNF-alpha- Crystal structure of protein Lpp20 (HP1456) from
inducing protein (PDB ID: 3GUQ) Helicobacter pylori (PDB ID :50K8)

Ref. [65] Ref.[66]

Fig. 3. Three-dimensional protein structure of the targeted protein.

database browser (Swiss PDB Viewer) was used to reduce the energy of the target protein prior to molecular docking [66].The purified
protein structures were imported in PDB format, and ligand structures were imported in pdbqt format. The grid center points were set
toX = -31.68,Y = —17.18, Z = 25.1838, and the box dimensions A) X = 37.31, Y = 55.63, Z = 44.96 for (PDB-ID: 3GUQ), and the
grid center for (PDB ID 50K8); X = —8.7259, Y = —31.6119, Z = —27.5813, and box dimension X = 81.3565, Y = 55.5874 and Z =
91.9504 were set so that the grid box could wrap the whole substrate binding pocket of the protein structure. The three-dimensional
structures of the proteins are represented below in Fig. 3.

4.5. Molecular dynamic simulations (MD) methods

MD simulations are essential to proving the stability of proteins because they give precise information on fluctuations and
conformational changes in protein-ligand complexes as they approach their stable state. As a result, MD simulation was utilized in this
study to understand better the stability of protein binding complexes involving the diosgenin-protein complex, the sarsasapogenin-
protein complex, and the standard mitomycin-protein complex. As a starting point for simulation, the docked structures of the proteins
Diosgenin, Sarsasapogenin, and standard Mitomycin with a ligand were used. The CHARMMS36 force field and the Gromacs version
2020 software package were utilized in the simulations run for 100 ns within a periodic water box. The CHARMM-GUI server produced
the force field for the ligands and the proteins [67,68]. The complexes were placed inside a rectangular box with a buffer distance of 10
in each direction. The box was then solvated with water molecules that were composed of TIP3P. Adding 36 Na + ions and 36 Cl-ions
neutralized the system’s charge for the Diosgenin ligand, Sarsasapogenin ligand, and standard Mitomycin ligand. After that, 0.015 M of
NaCl was added to make an environment similar to the cells in terms of how it worked. Structure minimization of the docked com-
plexes was performed using a charmm36 forcefield. Each of the whole systems was equilibrated at 310 K temperature, each for 5000
steps (i.e., 10 PS). The NPT ensemble’s production run lasted 100 s. Hydrogen was constrained using the Lincs technique; hence, the
timestep was set to 2 fs. A switching method of 12-14 was utilized to determine all of the van der Waals forces, and the cutoff value was
determined to be 14. The particle mesh Ewald (PME) approach, with a maximum grid spacing of 1.2, was used to calculate long-range
electrostatic interactions. The PME computations were conducted at each step; there was no use of a multiple-time stepping scheme.
The temperature was held at 310 K. The target for the system size changes in the barostat was set to 1 bar. The time step for integrating
was 2 fs. After beginning by re-centering, the simulation output, the trajectories were evaluated using the VMD (University of Illinois at
Urbana-Champaign, Urbana, IL, USA) program, Bio3D, and QTGRACE, respectively. Several analysis approaches were utilized for
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trajectory analysis, such as RMSD and RMSF calculations, the development of the radius of gyration, the number of H-bonds, and
principal component analysis (PCA) [69].

4.6. Binding free energy calculation using MM-PBSA

The molecular mechanics Poisson-Boltzmann surface area (MMPBSA) is vital when evaluating the biophysical basis for proteins
and their binding to ligands, which are Diosgenin, Sarsasapogenin, and standard Mitomycin. MM-PBSA calculation was carried out to
examine the binding free energy of protein-ligand complexes. Binding free energy (AG) estimation was done by eq. (3) using the script
MMPBSA.py of the AMBER package [70]. The single trajectory protocol approach was used for MM-PBSA calculation, which involved
only the simulation of the protein-ligand complex forms. Using the binding free energy of a protein-ligand complex is estimated as
follows [71]:

AG = (GPL) — (GP) — (GL) eq. X

Where A Gbind denotes the binding free energy, GPL is the free energy of the protein-ligand complex, GP is the free energy protein, GL
is the free energy of the ligand, and <> represents the ensemble average.
Equation X can be approximately written as

AG=AEMM + AGSOLV — TAS eq. Y

where Agyv denotes the molecular mechanics’ gas-phase interaction energy change upon ligand binding and AGggory. Tas represents
the solvation-free energy change, and TAS is the entropic contribution to AG at absolute temperature T. MM-PBSA method calculates
the AEyy part using molecular mechanics force field, polar region of the solvation free energy with linearized Poisson Boltzmann
model and a polar part using surface area approach [72].

5. Results & analysis
5.1. Lipinski rule and drug-likeness

The Lipinski rule and drug-likeness profiling are effective ways to identify drug-like molecules, as many drugs fail in the initial
evaluation phase for lacking suitable drug-like properties. The physicochemical properties of selected compounds and Mitomycin
(standard compound) predicted using SwissADME are represented in Table 1. Lipinski’s rule states that any drug-like compound’s
molecular weight should not exceed 500 g/Mol. In our current study, all the compounds have a molecular weight of less than 500g/
Mol, making them suitable for drug-like behavior. In addition, no drug-like compounds should have more than 5 H-bond donors, as
stated in the Lipinski rule. All the selected compounds had less than five H-bond donors except Isoliquiritin, which violated this feature
by containing six H-bond donors in its chemical structure.

In the same way, the total number of H-bond acceptor were also calculated, where any drug-like molecule was supposed to have a
maximum of 10 H-bond acceptors. By assessing the data from Table 1, we can confirm that all the compounds contained less than ten
H-bond acceptors. The consensus log Po/w was used to calculate the mean anticipated lipophilicity values, which were used to
determine the compound’s non-aqueous solubility, also presented in Table 1. This means that a molecule’s consensus log Po/w values
will be more negative if it is more soluble. TPSA data revealed that all the compounds had a TPSA value <130 A2 except Isoliquiritin
and Liquiritin. The highest TPSA value obtained from our selected compounds was 156.91 A%(Isoliquiritin), and the lowest TPSA value
expressed was 38.69 A2 (Diosgenin and Sarsasapogenin). The ideal TPSA score of Glabridin, Sanguinarine, Glycyrrhetic acid, Beta-
carotin, Diosgenin, and Sarsasapogenin indicates that the majority of our selected compounds contain the vital ability of drug
transport. Eventually, all eight proposed compounds successfully followed Lipinski’s rule of five, as none of these compounds had more
than one rule violation, whereas Glabridin, Liquiritin, and Sanguinarine had zero violations. The Lipinski Rule has played an essential
role to establish a potential drug in computational drug design. It guides newly developed bioactive molecules to provide the chance of

Table 1
Theoretical data of Lipinski rule predicted by SwissADME.
Ligand Molecular Number of Hydrogen Hydrogen Topological polar Consensus Lipinski rule
S/ Name weight rotatable bond acceptor bond donor surface area A2 Log Po/w -
Result  violation
N bonds
04 Glabridin 324.37 1 4 2 58.92 3.45 Yes 0
05 Isoliquiritin 418.39 6 9 6 156.91 0.2 Yes 1
07 Sanguinarine 332.33 0 4 0 40.8 2.88 Yes 0
10 Liquiritin 418.39 4 9 5 145.91 0.25 Yes 0
11 Glycyrrhetic 470.68 1 4 2 74.6 5.17 Yes 1
acid
16 Beta-carotin 470.77 28 4 2 66.76 8.32 Yes 1
25 Sarsasapogenin 416.64 0 3 1 38.69 5.24 Yes 1
26 Diosgenin 414.62 0 3 1 38.69 5.02 Yes 1
Standard Mitomycin 334.33 4 6 3 146.89 -0.8 Yes 0
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S/ Name Chemical structure Lpp20 (HP1456) from H. pylori (PDB  H. pylori -carcinogenic TNF-alpha-inducing protein
N ID:50K8) (PDB ID 3GUQ)
Binding Affinity (kcal/mol) Binding Affinity (kcal/mol)
04 Glabridin o O o -8.3 -8.2
20

05 Isoliquiritin oH -8.0 -7.9

HO. O _OH

OO
OH O
07 Sanguinarine -9.2 -8.7
10 Liquiritin -8.1 -8.1
11 Glycyrrhetic -8.0 -8.7
acid

16 Beta-carotin -8.4 -8.0
25 Sarsasapogenin -8.3 -9.1
26 Diosgenin & -9.1 -9.4
Standard Mitomycin —6.3 -7.0

drug-like properties and able to minimize the number of molecules which may chance to fail in preclinical and clinical studies due to
drug-like properties, which ultimately helps to reduce the cost, and resources and improve the efficiency of drug [73,74].

5.2. Molecular docking analysis against targeted receptor responsible for gastric cancer

Initially, thirty natural compounds are were prepared for molecular docking (Supplementary Table S1) and based on maximum
affinities, eight topmost compounds were selected to conduct further studies against two target bacterial proteins responsible for
gastric cancer, including H. pylori-carcinogenic TNF-alpha-inducing protein and crystal structure protein Lpp20 (HP1456). One of the
key tools in computer-aided drug design is molecular docking. Which is utilized for binding affinity, non-bond interaction, finding
docking pockets, and making protein-ligand complexes. Hydrogen and hydrophobic bonds in protein-ligand complexes play a crucial
role in the docking score, and —6.00 kcal/mol or above is considered the standard docking score for AutoDock [75]. Here all reported
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Fig. 4. Docking interactions between the proposed compound and target protein.

compound has better binding affinity and greater than —6.00 kcal/mol. More specifically, the binding affinity with
H. pylori-carcinogenic TNF-alpha-inducing protein range from —7.9 kcal/mol to —9.4 kcal/mol, and with crystal structure protein
Lpp20 (HP1456) from —7.2 kcal/mol to —9.2 kcal/mol where highest binding affinity with two target macromolecule is —9.4 kcal/mol
and —9.2 kcal/mol respectively. Controlled drug Mitomycin has lowest binding affinity than our reported ligand, which is —7.0
kecal/mol with H. pylori-carcinogenic TNF-alpha-inducing protein and —6.3 kcal/mol with protein Lpp20 (HP1456) from H. pylori. So,
the reported compounds could be more effective and inhibit the targeted receptor for treating gastric cancer. In Table 2, the reported
binding affinities have been listed.

5.3. Molecular docking pose and interaction analysis

Protein-ligand interaction is essential in discovering new drugs, which provides information about binding and bonding drug
molecules with target pathogenic proteins [76]. This interaction is necessary to determine the therapeutic goal. The interaction be-
tween H. pylori-carcinogenic TNF-alpha-inducing protein and Lpp20 (HP1456) protein has been investigated with bond distance.
According to Table 2, Diosgenin and Sarsasapogenin have the highest binding affinity with H. pylori-carcinogenic TNF-alpha-inducing
Protein in Fig. 3 represents their docking pocket and ligand-protein interactions. The binding residues are at ASN-27 (2.03) as con-
ventional hydrogen bonds, and TYR-22 (5.22) and VAL-36 (4.71, 4.32, 4.65), three different interactions with the ligand are present as
hydrophobic bonds with Diosgenin where Sarsasapogenin ligand makes four conventional hydrogen bonds with VAL-36 (3.24, 4.04,
4.24, 5.09) amino acid with the target protein.
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Furthermore, the docking pose and interaction of the Lpp20 (HP1456) protein from H. pylori with Diosgenin and sanguinarine are
also represented in Fig. 4. Binding residues and bonds with sanguinarine and target proteins are conventional H-bonds with GLU-53
and ASN-96 amino acids, whereas LEU-52, PHE-65, and ALA-56 are formed hydrophobic interactions, —five hydrophobic bonds with

Diosgenin, four with PHE-65, and one with ALA-56 amino acid.

5.4. MD simulation results

MD simulation studies were conducted in addition to the above-mentioned computational methods to identify the best interactions
of Diosgenin, Sarsasapogenin, and standard Mitomycin protein binding complexes and to study their effectiveness and stability over
time. The root-mean-square deviation (RMSD) of the protein backbone, complex structure, and ligand structure was examined to
determine the stability of protein-ligand complexes during the simulation period. Furthermore, MD simulation trajectories were
examined to determine various criteria, including the root-mean-square fluctuation (RMSF), the radius of gyration (Rg), H-bond
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Fig. 5. The RMSD (root-mean-square deviation) between the Diosgenin and the complex protein backbone.

analysis, and principal component analysis (PCA). Here, a thorough description of each parameter’s findings is provided. As illustrated
in Fig. 5, the RMSD of the protein backbone, the Diosgenin complex, was computed during a 100 ns MD trajectory to evaluate the
stability of each protein-ligand complex. RMSD is a fundamental method to analyze structural stability. Therefore, large RMSD values
would be connected to a significant degree of conformational change within the molecule under investigation. When analyzing a
protein-ligand complex, one of the most important parameters to consider is the root mean square deviation (RMSD) of the Ca atoms in
the protein backbone. This parameter describes the conformational stability of the complex as a whole while it is in a dynamic state and
being simulated. As shown in Fig. 5, the RMSD plot of the backbone atom of the protein concerning its initial position significantly
increased to 2.2 A for the first 7 ns following its initial position, then slightly decreased and kept on stabilizing until 40 ns and sub-
stantially increased to 2.7 A at 43 ns of the trajectory. After that, the backbone shows a decreasing trend from 2.7 Ato2.3 A, and from
45 to 95 ns, the backbone shows continued slight fluctuation. Fig. 5 shows that the average RMSD value of the protein backbone was
1.806 A.

The RMSD was calculated using a 100 NS MD simulation. The RMSD of the protein backbone is depicted in red. The diosgenin
complex of RMSD is depicted in black. The RMSD of the ligand is depicted in green. On the other hand, the RMSD plot in Fig. 6 for
Sarsasapogenin with H. pylori showed that its initial position during the full MD simulation showed that it became dynamically sta-
bilized for the first time around 50 ns. The significant abrupt change in RMSD values of the backbone protein is observed to be between
50 and 60 ns. After that time, the RMSD graph line shows a decrease from 2.8 A to 1.5 A and an increase of 2.1 around 63 ns. Then
demonstrate a steady-state, stable graph line with slight fluctuation until the end of the simulation. Fig. 6 shows that the average RMSD
value of the protein backbone was 1.370 A.

The RMSD between the Sarsasapogenin and the complex protein backbone was calculated using a 100 NS MD simulation. The
Sarsasapogenin complex RMSD is depicted in black. The RMSD of the ligand is depicted in green. The RMSD (root-mean-square de-
viation) between the standard Mitomycin complex and protein backbone was calculated at 100 NS MD simulations. The protein
backbone average RMSD value was 1.386 A for standard Mitomycin.
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Fig. 6. RMSD (root-mean-square deviation) complex protein backbone.
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Fig. 7. The RMSD between the Standard Mitomycin and the complex protein backbone was calculated using a 100 NS MD simulation.

In the comparison of ligands RMSD in Figs. 5 and 7, the ligand average RMSD is 1.235 A and 1.249 A, respectively. But the average
RMSD of ligands in Fig. 6 was 1.496 A. The ligand in Fig. 6 showed a higher RMSD value compared to the RMSD of Figs. 5 and 6
simulations. However, Fig. 6 ligands indicated considerable stability of the complex with high RMSD values. When we analyzed the
trajectories using VMD software, we observed that the Sarsasapogenin ligand did not jump out of the protein domain, which means this
ligand was located inside the binding site. Therefore, from ligand RMSD analysis, it is clear that Sarsasapogenin’ s ligand-binding
orientation has not changed over the simulation time. Both diosgenin and standard Mitomycin have changed their conformational
orientation and deviated. This indicates that, in the case of diosgenin protein and standard protein, both ligands showed multiple
binding orientations, and these ligands moved out of the binding pocket in MD simulations. It was determined that the docking poses
were inappropriate for the candidate with a complex structure.

The RMSD of the protein backbone and the ligand were computed during the course of a 100 ns MD trajectory, as illustrated in
Figs. 5, 6, and 7, to assess the stability of each protein-ligand combination. The complexes’ average RMSD values were 3.981 1°\, 2.925
A, and 5.138 A, respectively. Protein-ligand complexes in Fig. 6 were stable, whereas those in Figs. 7 and 5 were not, as measured by
RMSDs. The RMSD value was less than 3.0 for the stable complexes, including Sarsasapogenin, whereas it was greater than 3.0 for the
diosgenin complex. This suggests that the ligand-backbone connections established in the first simulation were preserved in the
second. When complexed with diosgenin and standard Mitomycin after the simulation, the ligands appeared highly unstable. The
ligands displayed significant fluctuations, demonstrating the complex’s overall instability. However, the sarsasapogenin complex
showed considerable stability.

The RMSF data of the protein backbone and complexes were plotted to visualize the average fluctuation of all the amino acid
residues, which for a 100 ns MD trajectory is seen in Fig. 8. The protein residues are crucial in achieving a stable shape for a protein-
ligand complex, which may be assessed using the RMSF parameter. The considerable RMSF value indicates greater flexibility, whereas
the lesser RMSF values indicate a more stable zone. Thus, more RMSF displaying residues or groups suggest greater flexibility, sug-
gesting a greater possibility for interaction with ligand molecules. Furthermore, lower RMSF fluctuations are associated with less
flexibility, resulting in diminished interaction ability. In Fig. 8A, the fluctuations of significant peaks in the RMSF graph were observed
with the backbone residue positions between ASP19-VAL20, LEU25-ARG28, VAL42-GLU48, LEU75-GLU88, ASN112-GLU116,
SER140-GLN144, and LYS158-SER160. In Fig. 8, significant fluctuations were observed at regions from residue indexes 19-22, 26-28,
40-46, 80-89, 106, 114-117, and 158-161 (Fig. 8A).

For Fig. 8B, an RMSF graph was observed with the backbone residue positions between ASP19-GLN26, VAL42-GLU49,
ASN79-GLUS88, ASN112-GLU116, and LYS158-SER160. In Fig. 8, the complex, major fluctuations were observed at regions from
residue indexes of 19-28,40-49,80-83,110-114,1281-30,137-144, and 158-161 (Fig. 8B). For (Fig. 8C), in RMSF graph was observed
with the backbone residue positions between ASN19-TYR22, VAL42-GLU49, ARG80-GLU88, PRO113-ASN115, HSD137-GLN144,
and ASP159-SER160. In Fig. 8C, complex, significant fluctuations were observed at regions from residue indexes of
19-20,25-30,43-44,80-84,114-115,143-144, and 161(Fig. 8C). These indicate that In (Fig. 8B), the protein backbone and the
complex have the lowest RMSF value, while in (Fig. 8A) and (Fig. 8C) have higher RMSF values. In comparison, the RMSF values were
most prominent in the cases of Diosgenin and conventional Mitomycin; however, they were less prominent in the case of
sarsasapogenin-bound protein, which indicates that the ligand binding gives higher stability to most of the areas of the protein.

The RMSF of the protein backbone is depicted in red. The complex’s RMSF is depicted in black.Using the radius of gyration (Rg) to
assess the structural integrity of the studied systems is an effective method of determining their compactness and structural integrity.
This concept describes how far apart atoms are from their average mass as measured by their root mean square distance (RMSD).

This study uses Rg to assess changes in the compactness of ligand-protein complexes (shown in Fig. 9). In a complex protein, the
mass of the atoms is measured about the center of mass using a parameter called the radius of gyration. standard Mitomycin-complex
displayed an average RG value of more than 1.81 A and showed more deviation after 30 ns. Diosgenin—complex and sarsasapogenin-
complex showed an average Rg value of 1.72 A and 1.71 A, respectively, and was not observe any deviation during the simulation

12
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Fig. 8. Derived from a 100 ns MD simulation, the RMSF of a complicated protein backbone.

period of 100 ns. Both the protein complex’s structural compactness and its overall compactness were distinct from one another. The
Diosgenin-complex and the Sarsasapogenin-complex were found to have undergone no significant changes, and the complexes
retained their stability and compactness. Despite this, fluctuations in its composition were reported for the standard Mitomycin
complex, which suggests that the complex has lost some of its compactness.

The number of H-bonds formed by the ligand molecule with the proteins (Diosgenin, Sarsasapogenin, and standard Mitomycin) was
calculated and plotted on a graph, and the results may be found in Fig. 10. Stabilizing protein-ligand complexes is dependent on the
intermolecular H-bonding between the protein and ligand. The stability of the H-bond network formed between proteins (Diosgenin,

1.80

Radius of gyration (4)

1.75

1.70

0 20 40 60 80 100
Time (ns)

Fig. 9. From a 100-ns MD simulation, the radius of gyration (Rg) values of the diosgenin-complex, sarsasapogenin-complex, and standard
mitomycin-complex. The Rg of the diosgenin complex is depicted in black. The RG of the sarsasapogenin complex is shown in red. The standard
mitomycin-complex Rg is depicted in blue. (For interpretation of the references to color in this figure legend, the reader is referred to the Web
version of this article.)
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Fig. 10. After MD simulation for 100 ns, the number of H-bonds generated by the ligand’s molecule was determined.

Table 3

H-bonds formed by the ligand molecule with the targeted proteins.
Donor Acceptor Occupancy
Diosgenin
ASN27-Side-ND2 UNKO-Side-O1 0.60 %
Sarsasapogenin
UNKO-Side-O3 GLN34-Side-OE1 4.99 %
GLN34-Side-NE2 UNKO-Side-03 0.10 %
UNKO-Side-03 TRP23-Main-O 0.10 %
Standard Mitomycin
GLN34-Side-NE2 UNKO-Side-03 0.10 %
GLN34-Side-NE2 UNKO-Side-04 4.79 %
UNKO-Side-N4 TRP23-Main-O 0.80 %
UNKO-Side-N3 TRP23-Main-O 0.50 %
ASN65-Side-ND2 UNKO-Side-N1 0.60 %
UNKO-Side-N4 LEU25-Main-O 0.20 %
UNKO-Side-N3 LEU25-Main-O 0.30 %
VAL36-Main-N UNKO-Side-O1 0.80 %
UNKO-Side-N3 VAL36-Main-O 1.40 %

Sarsasapogenin, and standard Mitomycin) and ligands have been calculated throughout the 100 ns simulation period. It was expected
that the number of generated H-bonds would be a function of the simulation time to determine whether or not the system was stable
while it was being simulated. Here, the hydrogen bond criteria were set as the distance of acceptor-donor <0.30 nm and the angle
>120. 0.30 nm is a common choice of H-bond distance in literature. The frames used for this calculation were collected at 2-ps intervals
from the whole 100-ns MD trajectory. Hydrogen bonds contribute to bonding and are worthy of investigation due to their tenacity.
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Table 4
Binding energy results.

AEVDW (kJ/mol) AEEEL (kJ/mol) AGPB (kJ/mol) AGNP (kJ/mol) AGDISP (kJ/mol) AG Binding (kJ/mol)

Diosgenin —22.68 —0.96 8.74 —-2.91 0.0 -17.81
Sarsasapogenin —36.52 0.38 14.48 —4.28 0.0 —25.93
Standard Mitomycin -0.71 —0.44 1.08 -0.20 0.0 -0.27
Binding Energy (MMPBSA) Binding Energy (MMPBSA) Binding Energy (MMPBSA)
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Fig. 11. Graphically displayed the binding free energy.

Using the VMD H-bonding analysis tool, all conceivable H- bonding interactions between the two specified areas, in this example, the
protein and the ligand, have been explored throughout time. The result computes the total number of H-bonds and occupancy over
time. These numbers can be acquired from the 'Percentage occupancy of the Hbond’ output of the H-bond analysis tool. The ’Per-
centage occupancy of the H bond’ output of the H-bond analysis tool provides these values. The docked complex forms a great deal
more hydrogen bonds. Molecular Dynamics (MD) simulations showed that the H-bonds in docking structures were maintained; other
H-bonds were also observed. Table 3 details the individual occupancy of detected H-bonds per ligand for Diosgenin, Sarsasapogenin,
and standard Mitomycin.

A vital role hydrogen bonds play in detecting non-bonding interactions between proteins and ligands is their capacity to indicate
non-bonding interactions. The H-bond occupancies at ASN27 with the ligand are 0.60 % (Table 3). Regarding the Diosgenin complex,
during MD, the complex stability was maintained by interactions with ASN27 residue.

The compound Diosgenin formed only one H-bond found in docked simulation. Diosgenin with a complex exhibited fewer H-bonds
throughout the simulation, indicating that most of them appeared first at ten ns, 40-60 ns, and primarily occurred at 60-80 ns. But for
the sarsasapogenin complex, three H-bonds were observed. These H-bonds appeared first at 20 ns and 40-60 ns during the simulation
time. The three H-bonds were not found in docked simulations. For the standard mitomycin complex, multiple H-bonds were iden-
tified. In the system, H-bonds were stable; most appeared between 0 ns and 40 ns. The compound formed forty-seven H-bonds,
including nine new H-bonds that were not found in docked simulations. The compound interacted with GLN34 with two H-bonds of
2.02 A, ASN65 with a 2.01 A H-bond, two H-bonds of 1.93 A length with TRP23, two H-bonds of 1.81 A and 1.75 A lengths with VAL36,
and two H- bonds of 1.81 A and 1.75 A lengths with LEU25. The complex exhibited more H-bonds throughout the simulation time,
indicating that the protein has stable and robust H-bonds with ligands.

5.5. Binding free energy analysis

To evaluate the molecular binding interaction of protein-ligand complexes, the binding free energy (AG) was computed using MM-
PBSA, which accounts for the bonded and non-bonded (van der Waals and electrostatic) interactions. The binding free energies of the
protein-ligand complexes were determined by employing MM-PBSA and the final 50 ns of the trajectory. Table 4, and Fig. 11 sum-
marize the major components of binding free energy for protein-ligand complexes, including van der Waals (AEVDW), electrostatics
(AEEEL), a polar portion of solvation (AGPB), nonpolar part of solvation (AGNP), dispersion (AGDISP), and binding energy (AG).

In Fig. 11, it shows that sarsapogenin has the highest binding energy compared to Diosgenin and standard Mitomycin. Additionally,
energy factors, together with van der Waals strength and the nonpolar part of solvation-loose strength, are giant members of the overall
binding-loose power of the complexes. Compared to the value of the GPB component, the value of WDW is negative, indicating non-
polar interactions between the protein-ligand complexes.

Finally, by using a protein dynamics analysis tool known as PCA, it is possible to obtain a series of eigenvalues and eigenvectors that
reflect the overall motion of the protein. Additionally, the method can be used to study the influence of different parameters on the
collective movement and to simplify the movement, which is related to the system’s stability and protein function. In addition, it may
be used to characterize the various conformational variances involved in the process of protein folding and ion channel open-close
mechanisms. The conformation changes in the protein backbone were ascertained by principal component analysis (PCA). The first
three PCs predicted the majority of the motion of the protein backbone from the MD trajectories in Fig. 12. In the Diosgenin protein,
PCA analysis shows that the first three eigenvectors account for 19.03 %, 19.03 %, and 6.33 % (Fig. 12A). In the case of Sarsasapogenin
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Fig. 12. Principal component analysis (PCA).

with Protein, PCA analysis displays that the first three eigenvectors account for 20.4 %, 20.4 %, and 4.59 % (Fig. 12B). In the case of
standard Protein, PCA analysis displays that the first three eigenvectors account for 22.56 %, 22.56 %, and 5.33 % (Fig. 12C). The
highest PC1 (22.56 %) was noticed for standard protein, which indicates that the protein had undergone greater conformational
changes. Conversely, the lowest PC1 (4.59 %) was observed for the Sarsa protein, indicating that the protein had undergone very few
conformational changes.

The results of PCA including PC2 vs PC1, PC2 vs PC3, and PC3 vs PC1 colored from blue to red in order of time, and an eigenvalue
rank plot for Diosgenin, Sarsa, and standard, respectively (Fig. 12). The cumulative variance is labeled for each data point in the
eigenvalue plot.

5.6. ADMET data investigation

We have prioritized parameters like water solubility, Caco-2 permeability, and human intestinal absorption for comparative ab-
sorption analysis of these compounds. For any drug-like compound, calculating water solubility can be an important parameter as it
directly correlates positively with the absorption of that specific drug in our system. pkCSM estimated the water solubility of all nine
compounds at 25 °C and represented the data in Log S. According to the Log S Scale: insoluble < —10 poorly < — 6, moderately < —4
soluble < —2 very<0<highly [77-79]. As stated in Table 5, compounds 16, 25, and 26 were poorly soluble, whereas compounds 04, 05,
07, 10, and 11 were either soluble or moderately soluble. On the other hand, for assessing human intestine absorption, compounds 07 and
11 showed 100 % absorption, whereas the standard compound mitomycin had an absorption of 69.834 %. Only two compounds (05 and
10) had a lower absorption score than the standard drug. Human colorectal adenocarcinoma epithelial cells are responsible for the
Caco-2 cell line, which is commonly used as a valid model to examine the absorption property of any orally administered drugs [80]. As
stated in the pkCSM guideline Caco-2 permeability value over 0.9 is considered high Caco-2 permeability. Compounds 04, 05, 25 and 26
expressed higher Caco-2 permeability than Mitomycin, and compound 16 represented the lowest Caco-2 permeability value.

Concerning the distribution of elected compounds were subjected to calculate crucial aspects like the volume of distribution (VDss)
and blood-brain barrier (BBB). The VD values suggest whether or not medicines are distributed evenly between blood and tissue. A
higher VD score (>0.45) implies that the therapeutic molecule is more smoothly distributed in the tissue rather than plasma, and a
lower (<—0.15) value indicates the poor distribution of the substance in tissues. Mitomycin has a VDss value of —0.132, but compound
03 and 07 revealed a higher VDss value than the standard compound, which suggests their better distribution in tissue than blood
plasma. BBB protects our brain from interacting with any external compounds. As a result, the ability of any drug to cross BBB could be
a vital parameter. BBB permeability score of < —1 indicates poor distribution. Inversely, a score of >0.3 expresses excellent BBB
permeability. The BBB permeability was interpreted by compound 03. Alternately the minimum BBB permeability score was expressed
by compound 05. Cytochrome P450, present in the human liver, belongs to the group of detoxification enzymes that plays a significant
role in drug metabolism [81]. Several drugs can inhibit Cytochrome P450. Therefore, it is extremely decisive to assess the ability of the
compounds to inhibit this enzyme. In our study, we have calculated the inhibition value for two isoforms (CYP450 1A2 and CYP450
2D6) of Cytochrome P450. Table 5 shows none of the compounds inhibited CYP450 1A2 except compounds 04 and 07. However,
CYP450 2D6 has been predicted to be inhibited by compound 03, and all other compounds were predicted to lack the ability to inhibit
CYP450 2D6.

Excretion analysis was incorporated by estimating total clearance and Organic Cation Transporter 2 (OCT2). The total release uses
the combined data of hepatic and renal clearance to obtain a total clearance score that gives a clear excretion profile of any specific
drug [82]. By analyzing total clearance data from Tables 5 and it can be stated that compounds 03 and 06 have better total clearance
values than Mitomycin. By comparison, the compound had the maximum, and compound 11 had the lowest total clearance value.
OCT2 is a renal intake transporter that plays a critical role in the renal clearance of drugs and external compounds. Except for
compound 25, all other compounds were predicted to have a potential positive correlation to work as a substrate for the OCT2 enzyme.
Similarly, toxicity data were also predicted using the pkCSM tool, where none of the suggested compounds were found to be involved
in skin sensitization and hepatotoxicity. We should assume from these estimated ADMET values that the compounds suggested in our
investigation have suitable physicochemical characteristics and decent drug-likeness, making them potential treatment options.

6. Discussion

H. pylori disrupts cell proliferation and apoptosis by introducing virulence factors such as CagA, VacA, LPS, and Tipa, with the latter
playing a crucial role in inducing Epithelial-Mesenchymal Transition (EMT) in gastric cancer. Tipa, released by H. pylori strains from
gastric cancer patients, binds to cell surface nucleoli receptors and stimulates EMT marker expression, promoting metastatic gastric
cancer through gene expression and morphological changes. Interestingly, researchers found Lpp20, another H. pylori protein sharing
structural similarities with Tipa, to activate NF-kB and induce EMT. Both Tipa and Lpp20 enhance cell migration and down-regulate E-
cadherin, leading to metastatic gastric cancer development. Given their significance in gastric cancer progression, this study targets
Tipa (PDB ID: 3GUQ) and Lpp20 (PDB ID: 50K8) as potential drug targets, employing computational approaches for designing
effective therapeutic molecules.

Earlier data reported that the mentioned compounds have various pharmacological effects. Still, no study is available against
gastric cancer associated with H. pylori. That’s why, the mentioned natural compounds have been selected for the present study and
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Table 5
ADMET data of selected eight compounds along with standard compound Mitomycin.
S/N Absorption Distribution Metabolism Excretion Toxicity
S/N Water Caco-2 Human Intestinal VDss BBB CYP450 CYP450 2D6 Total Clearance Renal OCT2 Skin Hepatotoxicity
solubility Permeability x Absorption (%) (human) Permeability ~ 1A2 substrate (ml/min/kg) substrate Sensitization
Log S 10°° Inhibitor
04 —3.862 1.292 94.957 0.116 No Yes No 0.222 No No No
05 —3.589 0.415 29.808 —0.377 No No No 0.213 No No No
07 —4.485 1.302 100 1.302 Yes Yes Yes 1.069 No No No
10 -3.339 0.552 39.685 —0.535 No No No 0.467 No No No
11 —3.419 0.883 100 -1.105 Yes No No —0.114 No No No
16 —6.074 0.053 86.841 —0.676 No No No 2.147 No No No
25 —6.151 1.227 98.329 0.466 Yes No No 0.324 Yes No No
26 —6.213 1.228 98.483 0.286 No No No 0.318 No No No
Mitomycin ~ —3.226 0.59 69.834 —0.132 No No No 0.862 No No Yes
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implemented advanced in silico investigation to determine the possible pharmacological activity against targeted protein. The study
analyses ADMET, drug-likeness, molecular docking, binding free energy calculation, and molecular dynamic simulation for selected
compounds. Through analyzing the findings obtained from mentioned approaches, it can be suggested that the majority of our selected
compounds, including Glabridin, Sanguinarine, Glycyrrhetic acid, Beta-carotin, Diosgenin, Sarsasapogenin, were found to be poten-
tially effective in inhibiting the targeted receptors Lpp20 (HP1456) from H. pylori (PDB ID: 50K8), and H. pylori-carcinogenic, and
TNF-alpha-inducing protein (PDB ID3GUQ) which reflecting their promising role for the treatment of gastric cancer in particular
caused by H. pylori infection. Most of the molecules analyzed revealed better absorption rates and aqueous solubility while showing
minimal toxic effects.

Accumulated evidence and epidemiological investigations have reflected that natural product, including phytochemicals, have
been explored potentially for the prevention and treatment of cancers and found to be useful in developing drugs and medicines
counteracting and managing cancers, including gastric cancer caused by H. pylori infection [17,19,20,83]. Notably, various studies
have suggested that mentioned bioactive phytochemical components with structural stability, potential bioavailability, and bioactivity
could play a crucial role in formulating novel treatment regimens for gastric cancer management while minimizing the adverse effects
associated with chemotherapeutic drugs as well as being comparatively safer. Experimental studies have thrown some light on the
mechanisms of action, such as suppressing angiogenesis, inhibiting cancer cell proliferation, inducing apoptosis and autophagy, and
cancer cell metastasis, which have also been found to be associated with inhibiting H. pylori as well as modulating the gut microbiota to
produce anti-bacterial and anti-cancer activities additionally. Moreover, clinical studies have also proven to some extent that phy-
tochemicals possess the potential for the prevention and management of gastric cancer in humans. Of note, more researches,
explorative studies, and investing actions are of utmost need to a for better understanding of the underlying mechanisms of cancer
treatment utilizing phytochemicals, knowing possible side effects, and promoting this approach to its full practical potential in
ameliorating gastric cancer and H. pylori infection as well as a cost-effective complementary and combination approach [14,16,84].

7. Conclusion

Our innovative study employing computer-aided drug design has unraveled promising compounds against H. pylori, a bacterium
intricately linked to various gastrointestinal ailments, including the formidable gastric cancer. The binding affinities observed for
H. pylori-associated TNF-alpha-inducing protein and Lpp20 with values as —9.4 kcal/mol and —9.2 kcal/mol, respectively, signal
strong potential for therapeutic intervention. Furthermore, these natural compounds exhibit favorable pharmacokinetic properties,
such as enhanced absorption rates and solubility, coupled with low toxicity profiles. These attributes underscore the promise of these
phytochemicals as effective combatants against H. pylori-induced gastrointestinal disorders.

As we steer into the future, there’s an enthralling avenue worth exploring: the application of PROTACs (PROteolysis Targeting
Chimeras). PROTAGCs, by virtue of their ability to induce selective degradation of target proteins, could significantly augment the
therapeutic efficacy and specificity of the identified molecules against H. pylori. By harnessing the potential of PROTACs, we might be
able to design treatments that not only inhibit the activity but also lead to the degradation of harmful H. pylori proteins. The world
stands on the cusp of potentially revolutionary treatments against H. pylori and its associated maladies. As we conclude, we ardently
advocate for accelerated research into these promising phytochemicals. It’s crucial to propel them from computer models to laboratory
benches and finally to the patient’s bedside. With in-depth in vitro, in vivo, and clinical studies, we envision a future where the global
burden of H. pylori is significantly diminished, and the journey towards safer, nature-derived drugs is paved.
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