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Abstract

Peptic ulcers are also called as or duodenal ulcers or gastric ulcers that are open sores generally
develop in the lining of the stomach due to food and climatic factors. H. pylori infections are
potentially the most dangerous and are linked to several diseases like diabetes, cancer,
cardiovascular diseases, etc. In the present study, in silico screening and evaluation of some
metabolites from Momordica charantia like Momorcharin, Momordicin, Metformin, Pioglitazone,
Glipizide, Gliclazide and Glibenclamide in the treatment of peptic ulcers has been conducted.
Vacuolating cytotoxin autotransporter (VacA) causes ulceration and gastric lesions is interacting
with Urease subunit alpha (ure a), Outer membrane protein-adhesin (babA), Acid-activated urea
channel (urel; rapidly enhances the production of ammonia) and Cytotoxicity-associated
immunodominant antigen (CagA). CagA is directly interacting with Serine/threonine-protein kinase
CtkA and Cag island protein (virD4). Glibenclamide, Glipizide and Momorcharin has shown good
results with Vac A and CagA involved in peptic ulcer. The present study has shown that
Glibenclamide is found as effective molecule in the control of peptic ulcer.
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INTRODUCTION

Since ancient times, wide varieties of medicinal plants have been used as vegetable and medicine
sources, all around the world. One of the plants with combination of vegetable and medicine usage by
humans is Momordica charantia (Momordica species), using as valuable plant for thousands of years.
Momordica charantia (Figure 1) belongs to the Cucurbitaceae family, commonly known as bitter
melon, karela, balsam pear, bitter gourd or kugua [1, 2]. It grows in sub-tropical and tropical regions
of the world especially in countries like India, China, Malaya, Thailand, Singapore, Japan, East
Africa, Vietnam, Amazon, Brazil, Colombia, Cuba,
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The leaves, fruit and seeds of Momordica species are wealthy, having more number of
phytochemicals and may have many health-enhancing effects by having good nutraceutical
components [5, 6]. M. charantia has been used in many traditional and folk medicines for a long
period of time [7]. There are two varieties of M. charantia which are being cultivated in India. The
first one is M. charantia var., charantia showing large fruits that are fusiform in shape and second
one is M. charantia var., muricata that shows small round fruits [8]. Fruits of Momordica charantia
are normally consumed as vegetable in some parts of sub-continental diet since several centuries. The
fruits and seeds of M. charantia (Figure 2) are traditionally used across India that is showing good
medicinal properties like anticancerous, antimicrobial, anti-inflammatory, antioxidant, antimutagenic,
antihelminthic, abortifacient, antitumourous, antifertility and antidiabetic [9].

Y y; G g
Figure 2. Morphological characteristics of Momordica charantia: (A) Unripe Fruits & Seeds;
(B) Ripe Seeds

Figure 3 shows the compounds present in Momordica charantia like Momorcharin, Momordicin,
Glibenclamide, Gliclazide, Glipizide, Metformin and Pioglitazone [10].

It is evident from ancient literature that diabetes is a killer disease that is linked to peptic ulcer
especially in age above 30 years that affects humans and is present lifelong. The diabetic patients are
mostly prone to develop H. pylori infection causing peptic ulcers [9, 11]. Some of the phytochemicals
present in M. charantia is shown in Table 1.

Table 1. Phytochemicals present in Momordica charantia.
Source Phytochemicals Properties |Reference

Plant |Momordenol, momordicine, momorcharins, charine, momordicilin, momordin,|anti-HIV, [12]
body |gentisic acid, diosgenin, momordinin, charatin, galacturonic acid, momordolol,|anti-ulcer,
cryptoxanthin, erythrodiol, cucurbitines, elaeostearic, multiflorinol, goyasaponins, [anti-
cucurbitecins, goyaglycosides, cycloartenols, cucurbitanes, Saponins, fixed oils,|inflammatory,

glycosides, alkaloids, steroids and proteins, triterpenes anti-leukemic,

Seeds |Gultamic acid, leucine, urease, valine, threonine, isoleucine, methionine,|antimicrobial,

phenylalanine antitumor and
antidiabetic

Fruit [Charantin, momordicine, polypeptide-p insulin, ascorbigen, palmitic, olecic,
stearic, lauric, palmitic, myristic, palmitoleic, linolenic acid , threonine, alanine,
aspartic acid, glutamic acid, serine, luteolin, pipecolic acid, g-amino buteric acid,

Mechanism of Epithelial Cell Signaling in Helicobacter pylori

Two major virulence factors of H. pylori are the vacuolating cytotoxin (VacA) and cytotoxin-
associated antigen A (CagA) [13, 14]. VacA cleavage product binds to the tyrosine phosphatase
receptor zeta (Ptprz) on the outer epithelial cells and the induced signaling leads to the
phosphorylation of the G protein-coupled receptor kinase-interactor 1 (Gitl) and finally induces
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ulcerogenesis (Figure 4). The other virulence factor CagA as effector protein that is mediated through
cag T4SS in translocation interacts with the protein tyrosine phosphatase SHP-2 induce MAPK
signalling through Ras/Raf-dependent and -independent mechanisms. Deregulation of this pathway by
CagA and Vac A may lead to apoptosis.
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Figure 3. Chemical Structures of compounds present in Momordica charantia.
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MATERIALS AND METHODS

The following system specifications are used for in silico study for screening of molecules:
Processor—Intel(R) Core(TM) i5-7200U CPU@2.50GHz 2.71GHz
Installed RAM—38.00 GB (7.90 GB usable)
System type—=64-bit operating system, x64-based processor

Designing and Optimization of Ligands

ACD/ChemSketch v10.02 Freeware software is used for designing and optimization of chemical
structures. The Freeware is a drawing package that allows drawing chemical structures including
organics, organometallics and polymers. Some selected ligands designed using ACD/ChemSketch
v10.02 in the present study is shown in Figure 5. It also includes features such as calculation of
molecular properties like molecular weight, density, molar refractivity, etc.
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Figure 5. In silico designed structures using ACD/ChemSketch v10.02.

Retrieval of Receptors
Crystal Structure of the Helicobacter pylori Vacuolating Toxin p55 Domain (2QV3.pdb) and
crystal structure of the Helicobacter pylori CagA oncoprotein (4DVY.pdb) has been retrieved from

protein databank (https://www.rcsb.org/) (Figure 6).

VacA

Figure 6. Selected receptors.

Protein-Protein Interactions
Protein-protein interactions for VacA, ctkA and CagA as inputs are submitted to string database

and analyzed for the proteins responsible for peptic ulcers.
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Receptor and Ligand Interaction

Interaction between Receptor (i.e. VacA protein of Helicobacter pylori) and Ligand molecules of
Momordica charantia (i.e. Momorcharin, Momordicin, Metformin, Pioglitazone, Glipizide, Gliclazide
and Glibenclamide) are done by using molecular docking software. The interactions are designed
along with calculation of binding energy of molecules for evaluation of highly active molecule that
are identified among the selected molecules.

RESULTS AND DISCUSSIONS
Protein-protein interaction of VacA, ctkA and CagA has been shown in Figure 7.
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Figure 7. Protein-protein interaction in Helicobacter pylori J99.

Vacuolating cytotoxin autotransporter (VacA) causes ulceration and gastric lesions is interacting
with Urease subunit alpha (ure a), Outer membrane protein-adhesin (babA), Acid-activated urea
channel (urel; rapidly enhances the production of ammonia) and Cytotoxicity-associated
immunodominant antigen (CagA). CagA is directly interacting with Serine/threonine-protein kinase
CtkA and Cag island protein (virD4).
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Docking Results
Interaction result of binding energy between vacA and cagA receptors with selected Ligand
molecules are as follow (Table 2).

Table 2. Docking results of protein and Ligand.

Ligand VacA CagA
Glibenclamide -112.73 -127.82
Gliclazide -85.17 -96.53
Metformin -74.33 -72.58
Glipizide -112.44 -109.97
Momordicin -95.57 -99.66
Pioglitazone -93.25 -105.85
Momorcharin -103.22 -110.93

The active site of VacA with Glibenclamide is shown as H-S-ARG-546, H-S-GLU-548, H-M-SER-
597, V-S-ARG-546, V-M-GLU-548, V-S-GLU-548, V-M-THR-549, V-S-THR-549, V-M-GLY-550,
V-S-TYR-573 and V-M-SER-597 based on docking results (Figure 8).

Figure 8. Docking of VacA Figure 9. Docking of VacA
with Glibenclamide. with Glibenclamide.

The active site of CagA with Glibenclamide is shown as H-S-GLN-410, H-S-GLU-422, VV-S-GLU-
406, V-S-GLN-410, V-S-GLU-422, V-S-LYS-425, V-M-LEU-471, V-S-LEU-471, V-S-TYR-473, V-
S-ASN-597, V-M-ALA-601 and V-S-LYS-604 based on docking results (Figure 9).

Glibenclamide, Glipizide and Momaorcharin has shown good results with Vac A and CagA involved
in peptic ulcer. Glibenclamide is found as best molecule in the control of peptic ulcer.

Since ancient times, fruits and vegetables from plants have been used as natural medicine [9]. In
Turkish folk medicine, Fruits and seeds of Momordica charantia L. is using frequently by the people
in folk medicine for rapid healing of peptic ulcer and cutaneous lesions [15]. The ethanol extract of
the Momordica charantia fruits has reported significant activity against HCI-EtOH induced
ulcerogenesis in diethyldithiocarbamate-induced ulcer rats and indomethacin-pretreated rats and
models [16].
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The cagA and Vac A production in Helicobacter pylori have been reported as major virulence
factors causing ulcerogenesis [17]. A useful marker that can be used to understand risk of peptic ulcer
disease development is cagPAI genes or segments like cagA promoter, cagA, cagM, cagE, tnpA, thpB,
cagT and Left End of Cag Il (LEC) region [18]. Hence, controlling of CagA or VacA proteins in
Helicobacter pylori can able to cure peptic ulcers. The present in in silico analysis shown that the
selected compounds from Momordica charantia like Glibenclamide have shown more effective in the
control of peptic ulcer. Glibenclamide therapy involves up-regulation of hepatic PPARa expression
and is a new therapeutic strategy for diabetes [19], Wound Healing Enhancing Effects [20] and peptic
ulcers.

CONCLUSION

In the present study, in silico screening and evaluation of some metabolites from Momordica
charantia in the treatment of peptic ulcers has been conducted. Glibenclamide present in Momordica
charantia is found effective in the control of peptic ulcer based on in silico analysis. Further in vitro
and in vivo studies have to be conducted for better control of peptic ulcers.
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