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Abstract

Helicobacter pylorus (H. pylori) is a deadly bacterium responsible for significant worldwide Gastric
Cancer (GC) related mortality. The present study aimed to screen all the anti-microbial drugs used to
eradicate H .pylori infection and to identify the most efficient drug by using computational methods
through molecular docking analysis. The 3-D structure of protein chorismate synthase of H. pylori was
downloaded from the Protein data bank (PDB) online browser. The x-ray crystallography structures of 13
common drugs used against H.pylori infection were also downloaded from the drug bank. We screened
all 13 common drugs through molecular docking to know the most efficient binding interaction between
the diverse ligand-protein complexes. The results were further compared with clinical survey data from
the patients with diverse gastrointestinal H. pylori infected cases. Among the screened compounds,
by in-silico approach we found that fluoroquinolone (FLRQ) and tetracycline (TET) manifested more
significant interactions with chorismate synthase (CS) protein along with binding energies of -9.2 and
-8.1 kcal/mole respectively. Further, the drugs were also corroborated with the survey data from patients
with varied gastrointestinal disorders in our study. With this computational study, we could find FLRQ
and TET may be the most efficient drug for H. pylori treatment, which can be tried in case of anti H.
Pylori treatment failure due to resistance. Hence, effective inter-analysis between the experimental
and computational approaches is crucial to build up a strong inhibitor.
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INTRODUCTION

Helicobacter pylori (H. pylori) is a
bacterium known to cause chronic gastroduodenal
inflammation, which can eventually lead to peptic
ulcer disease (PUD) and gastric cancer (GC).!
Almost half of global population are chronically
infected with H. pylori with varying degree of
symptoms; asymptomatic gastritis which can
lead to PUD and GC in long run.? World Health
Organization (WHO) and the International Agency
for Research on Cancer (IARC) has classified H.
pylori bacteria as class | carcinogen since 1994.3
The conventional eradication treatment is done
with the combination of three molecules in such
a way that two of them are antimicrobial agents
including amoxicillin, clarithromycin, optionally
metronidazole and the third drug is a proton
pump inhibitor (PPI).** Nevertheless, therapeutic
regimen for H. pyloriinfection is chosen empirically
on the basis of resistance pattern of the bacterium
in corresponding region.* India being a developing
country had a high prevalence of H. pyloriinfection
particularly in rural areas but still there may be
differences in prevalence in every geographic
region.

The antibiotic Amoxicillin (AMX)
(C16H19N305S) has molecular weight 365.4
g/mol and is under the drug class B-lactam
antibiotic. The other antibiotic Metronidazole
(MTZ) (C6HIN303) has molecular weight 171.15
g/mol and falls under Nitroimidazoles group of
antibiotics; while Tetracycline (TET) (C22H24N208)
has molecular weight 444.435 g/mol, which comes
under the drug TET antibiotics. On the other
hand, Levofloxacin (LEV) (C36H42F2N609) has
molecular weight 740.7 g/mol, which is a third-
generation fluoroquinolone (FLRQ) antibiotic
and Clarithromycin (CLA) (C38H69NO13) with
molecular weight 747.953 g/mol falls under the
drug macrolide antibiotic.

The burning issue is that the bacterium
H. pylori is resistant to most of the available
conventional treatments available in the current
scenario.® More importantly, the long-term usage
of antibiotics for the eradication of H. pylori
reduced the specificity of many of the targeted
drugs resulting in reduced therapeutic efficacy
in infected patients. Furthermore, many cases of
H. pylori infection are asymptomatic, which can
eventually give rise to GC; making the treatment

even more difficult. Such asymptomatic cases
are triggering points for the development of
an effective vaccine against the bacteria as an
alternative therapeutic approach.! Besides,
considering vaccine development as another
important paradigm, on which we need to work,
we can formulate better chemotherapeutic
measures against H. pyloriinfection. The resistance
to available conventional triple drug regimen
against H. pylori infection is currently increasing
due to the variation in its strain among the majority
of infected patients.”® Because of increasing
pattern of bacterial resistance to conventional
first line triple drug regimen, there is an alarming
concern to develop a better treatment modality
for H. pylori infection, for which the investigators
from different corners are now trying their level
best to find out the new molecules and targeted
therapies.>*

The pathogenesis of H. pylori is known
and the prognosis after the infection is determined
by a complex set of interactions between the host
and the bacterium. Chronic active gastritis is the
major disorder that occurs after H. pyloriinfection.
Nevertheless, the severity of the disease depends
upon various factors such as host factors, immune
response, dietary factors, and the amount of
gastric acid production in the host and the strain
of bacterium.? Host genetics plays an important
role in determining the severity of the disease,
particularly genetic polymorphism in the host
has a significant impact on the disease acquisition
and progression after infection.? Additionally,
the colonization of H. pylori leads to activation
of stronger immune response, but complete
clearance of the infecting bacterium does not
occur most of time. In such circumstances,
phagocytic cells are recruited to the site of
infection to stabilize the innate immunity, where
the reactive oxygen species and nitrogen species
are produced.*!! However, H. pylori disrupts
nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase, subsequently, superoxide anions
are released into the extracellular medium with
augmentation within the bacteria-containing
phagosomes, which leads to host tissue damage
and subsequently causes ulceration by inhibiting
appropriate immune response.'>** In India, 85%
of H. pylori strains are resistant to metronidazole,
whereas tetracycline has a relatively lower
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antibacterial resistance compared to other
antibiotics.'* There is a very high chance of
getting resistance to metronidazole in Odisha,
as well as the nearby state West Bengal, which
has a similar dietary and life style pattern like
Odisha. Prevalence of antimicrobial resistance
in the H. pylori-infected population of Karnataka
region showed very high degree of resistance to
metronidazole antibiotics among the infected
people.’ Interestingly, CLA resistant strains
demonstrated A2143G, G2224A, C2245T and
T2289C mutations in the 23 rRNA gene, whereas
LEV resistance in H. pyloriis primarily acquired by
amino acid substitution at GyrA protein involving
N87 and D91.%

Molecular docking analysis is an in silico
mode approach to study the binding potential of
small molecules to the given targeted protein.
Molecular docking has been created and growing
since long time?’, yet its capacity to produce
a feasible drug is still to be addressed for any
disease.

In our study we have used this technique
to identify the strongest binding interaction
between the most commonly used antibiotics
against H. pyloriinfection and the targeted protein
Corismate synthase (CS). CSis animportant enzyme
in sikimate pathway, found primarily in bacteria,
fungi, and plants but absent in mammals. This
makes the shikimate pathway as a specific target
for anti-microbial therapies. Additionally, we have
also substantiated our data with an observational
drug study within a group of patient with various
H. pylori related gastrointestinal symptoms. We
also performed secondary data analysis with the
available datasets in the department at Institute of
Medical Sciences & SUM Hospital, Bhubaneswar,
India.

MATERIALS AND METHODS

All the computational analysis was done
on Intel core i7 processor, running on windows
version 10 operating system (0S). The binding
interaction prediction between the drugs and
receptor protein CS was done with autodock
software and molecular dynamic simulation
studies were performed by Gromac version 2018.4
(molecular dynamic package). The molecular
docking was performed with AutoDock version
4.2.6 (Molecular modeling simulation software)

and graphical analysis was carried out with
pymol on Molecular Graphics System, Version 2.0
Schrodinger, LLC (2015).

Molecular docking analysis

This study performed molecular docking
of selected drugs that may interact with Chorismate
synthase protein (1UFM) as an anti H. pylori target
(Fig. 1). The 3 Dimensional (3D) protein structure
of 1UFM was downloaded through online browser
from protein data bank (PDB). After this, the
protein 1UFM was visualized by Discovery studio
visualizer. The protein 1UFM has 4 chains and all
are identical. Therefore, 3 identical chains were
deleted and one single chain used as a target for
molecular docking (Fig. 1a, 1b, 1c). Here Fig. 1d
indicates the single chain protein 1lUMF.

Thirteen drugs were selected for
interacting with protein 1UFM (Table 1). The
drugs included in this study are Clarithromycin
(CLA), Metronidazole (MTZ), Amoxicillin (AMX),
Tetracycline (TET), Levofloxacin (LEV), Pantoprazole
(PPZ), Tinidazole (TIND), Fluoroquinolone (FLRQ),
Cisapride (CSP), Rabeprazole (RBP), Esomeprazole
(EMP), Azithromycin (AZM), and Erythromycin
(ETM). We carried out the survey on well-oriented
prediction binding pattern, which can form a stable
complex by using the conventional antibiotics and
also proton pump inhibitors which are efficacious
against H. pylori (Table 1).

The secondary structure of the candidate
drugs were drawn by the ChemDraw Ultra tool
(ChembioOffice 12.0 suite). The two-dimensional
structures were escalated by advanced chemistry
development (ACD) labs freeware 2015, and
energy was minimized by Open Babel program
2.4.1. The protein chorismate synthase found from
research collaborator for structural bioinformatics
(RCSB) and drug was used in discovery studio
4.5. The crystal structure of Protein-Chorismate
synthase (2.25 A) was downloaded from the PDB
(accession code: 1UMF) (https://www.rcsb.org/
pdb).

Molecular docking studies were employed
for prediction of binding modes and free energy
of designed structural molecule against targeted
Chorismate synthase, through AutoDock suite
program version 4.2.6. The optimal binding
confirmation was shown with a semi-empirical
free energy scoring function, Lamarckian genetic
algorithm. Receptor-ligand inter-molecular

Journal of Pure and Applied Microbiology

2105

www.microbiologyjournal.org



Uthansingh et al. | J Pure Appl Microbiol | 15(4):2103-2116 | December 2021 | https://doi.org/10.22207/JPAM.15.4.33

Table 1. List of conventional drugs used for H. pylori infections
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contacts were analyzed by using BIOVIA Discovery
Studio Visualizer version 4.5 and PyMOL (The
PyMOL Molecular Graphics System, Version 2.0
Schrodinger, LLC).*8%9
Molecular dynamics (MD) Simulation and
validation

Designed and synthesized conjugates
were validated by MD Simulating tools. Molecular
dynamics (MD) is a computational process
applied for simulating the dynamic character of
a molecular system as behavioral approach of
the ligand protein, which simulates the dynamic
behavior of the molecular systems and treats
all the units in the simulating area with utmost
flexibility. The principal component analysis
was done to observe the motion of protein-
ligand complex by performing in gmxcovar and
gmxanaeig built modules of GROMACS. At the

end, the binding energy was determined by using
the g_mmpbsa tool.
Secondary data analysis with patients database
We planned an observational drug
trial with a group of patient under treatment
in our department for various H. pylori related
gastrointestinal symptoms. We also assessed
whether the cases with H. pylori infections were
previously treated with anti H. pylori regimen, or
they are denovo cases, who need to be treated by
anti H. pyloriregimen by the physicians. Moreover,
the cases, who were already treated by the
physicians of the department of Gastroenterology
& Hepatobiliary Sciences, Institute of Medical
Sciences and SUM Hospital, Bhubaneswar, India,
their drug resistance patterns were also surveyed.
The protocol was approved by Institutional
Ethical Committee (Approval no.DMR/ IMS/SH/
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SOA/16067) and written informed consent was
taken from each of the patients. All the patients
under this observational study were confirmed

H. pylori infected cases and were categorized on
the basis of their age, sex, region, and prescribed
drugs.

Fig. 1. Protein 1UFM and residues. (a) With 4 chain of 1UFM. (b) With 3 chain of 1UFM. (c) With 2 chain of 1UFM.
(d) With (single chain of 1UFM( used for molecular docking study).

Table 2. Molecular docking score and binding interactions of commercially available H. pylori drugs with Chorismate

synthase protein of H. pylori

Compound  Docking score H-Bonding Alkyl
(in kcal/mol)
CLA -6.9 Ala60, Gly92, Ser58 Leu235, Argl63, Lys61
MTZ -4.5 Gly237, His236 Alal67, Leul19
AMX -7.6 Phe156, Hist38, Gly91, Val93, Gly92 Val34
TET -8.1 Glu226 Lys129, Alal124, Leul119
LEV -7.3 Thr159 Leu160, Val93, His38
PPZ -7.1 Thr159, Gly59
TIND -5.6 Thr117, Val93, Gly92, Gly91, Thr116
FLRQ -9.2 Gly92, Thr159 Leu 119, lle 33, Val 34, Leu 235
CSP -8 Gly237, Gly9l His 38, Val 34, lle 33, Leu 235, Leu 119
RBP -7.2 Glul64, Val93, Gly92
EMP -7.5 Gly59 Val93, Leul19, Val34, lle33
AZM -7.4 Tyr231, Glul64 Leu235, Lys61, Leul60, Val93, Leul19
ETM -7.9 Asp31 Val95, 11e94, Leul19

CLA, Clarithromycin;

MTZ, Metronidazole; AMX, Amoxicillin; TET, Tetracycline; LEV, Levofloxacin; PPZ, Pantoprazole; TIND,
Tinidazole; FLRQ, Fluoroquinolone; CSP, Cisapride; RBP, Rabeprazole; EMP, Esomeprazole; AZM, Azithromycin; ETM, Erythromycin;
Ala, Alanine; Ser, Serine; Gly, Glycine; His, Histamine; Val, Valine; Glu, Glutamic acid; Thr, Threonine; Leu, Leucine; Arg, Arginine;
Lys, Lysine; lle, Isoleucine; Tyr, Tyrosine; Asp, Aspartic acid. H-Bonding-> Hydrogen Bonding.
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Statistical analysis

All the statistical analysis was performed
by SPSS software version 16. The results were
described as frequency/percentage as applicable.

RESULTS
Molecular docking study

This computational study was carried
out to identify the mode of binding interaction
between the drug and targeted protein. The
docking study represented the perfect matching of
molecular structures and the binding orientation
of the drugs ( from CLA to ATM as explained) with
active site of the targeted protein Chorismate
Synthase of H. pylori (PDB:1UMF) as a targeted
approach. Discovery studio version 4.5 program
was used to perform the computational simulation.
The docking scores and the amino acids formed in

the H-bonding interactions and the alkyls of all the
tested compounds were represented in Table 2.
Protein structure of targeted protein chorismate
synthase, candidate drugs, and their binding
interaction

All the 13 commonly used drugs with
their abbreviation, and 2-D structures [ACD/
ChemSketch having operating system Mac OS X
(Microsoft windows)] were mentioned in Table
1. The 3D Structure of H. pylori receptor protein
chorismate synthase was downloaded from PDB
in online format (Entire Fig. 1). The interaction
between these candidate drugs and Chorismate
synthase protein were carried out to see protein-
ligand interaction. As per our observation, docking
scores of all the molecules were represented in
Table 2. Hydrogen bond is one of the crucial factors
influencing stability of the proteins. Our analysis
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Fig. 2A. 2D interactions of compounds FLRQ, TET,CSP an

d ETM with chorismate synthase PDB: 1UFM. 2D structures

of the candidate drugs (a) Fluoroquinolone (FLRQ). (b) Tetracycline (TET). (c) Cisapride(CSP). (d) Erythromycin (ETM).
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demonstrated presence of both H- bonding and
alkyls (Leu, lle, Val, Leu, Lys, Ala, Leu, Leu, Arg,
Lys, Ala, Leu, Val,Leu,Val,His,His,Val,lle,Leu,Leu,
Val, Leu, Val, lle Leu, Lys, Leu, Val, Leu) during the
binding interaction.
Fluoroquinolone and Tetracycline showed the
strongest binding interaction with Protein
chorismate synthase in silico

Although all the candidate drugs showed
good binding interaction with the bacterial
receptor chorismate synthase in silico; but we
observed two most secured drug molecules such
as ‘tetracycline’ and ‘fluoroquinolone’ during
docking analysis. The 2-D structures of these drugs
were shown in Fig. 2 with all the different sort of
bonds and possible interaction points (Fig. 2a, 2b
and 2c). In our study these two drugs came up with
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minimum binding energy and thus demonstrated
strongest binding interaction with the receptor
protein chorismate synthase. The 3D-interactions
of FLRQ and TET with chorismate synthase of
H. pylori showed the docking orientations with
hydrophobic bindings, which denoted their high
potential antibacterial activity (Fig. 3a and 3b).
The 3D interactions of rest of the drugs with the
protein were denoted in Fig. 3c, 3d, 3b and 3c.
The binding energy which corresponds
to drugs TET and FLRQ were: -8.1 and -9.2kcal/
mole respectively, whereas other drugs showed
higher binding energies (Table 2). The drug FLRQ
was bonded to the cluster by amino acids (Gly 92,
Thr-159) by conventional H-bonding and amino
acids (Leu 119, lle 33, Val 34, Leu 235) by alkyl
bonding. TET bonded with amino acid Glu 226
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Fig. 2B. 2D interactions of compounds AMX, EMP, AZM and LEV with chorismate synthase PDB: 1UFM. 2D structures

of the candidate drugs (e) Amoxicillin (AMX). (f) Esomep

razole (EMP). (g) Azithromycin (AZM). (h) Levofloxacin (LEV).
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by conventional H-Bonding and amino acids (Lys
129, Ala 124, Leu 119) by alkyl bonds, which were
highlighted in Table 2.
Clinical survey data analysis

As our results demonstrated stronger
binding interaction between chorismate synthase
and TET as well FLRQ, so the present study
further endeavored to substantiate the results
with patients’ datasets. We collected data from
245 patients and identified the most common
ailment associated with H. pyloriinfection. We also
categorized these patients as per their previous
use of different types of chemotherapeutic
drugs. As expected, our analysis confirmed that
most of the H. pylori patients under survey were
associated with peptic ulcer disease (PUD), as
represented in Table 3. The survey results showed
that among all the prescribed drugs, the response

of TET and FLRQ was better in comparison to
other drugs used, as the resistance pattern was
less common with both these drugs. This result
corroborated with our result, what we obtained
with molecular docking analysis. As the FLRQ
and TET have the susceptibility rate 86 and 67%
respectively which is higher than any other
drugs prescribed by the consultants and the
Molecular docking scores also supported this
too; therefore these two drugs might be game
changer with other combination therapies. Most
of our study populations were within 41-60 years
of age group. Male outnumbered the female as
they had more outdoor activities and therefore
more prone to suffer from H. pylori infection
compared to the female. Most of our patients
were from Bhubaneswar, Cuttack, Puri and
Nayagardh districts. Most of H. pylori infected
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Fig. 2C. 2D interactions of compounds RBP, PPZ, CLA, TIND, and MTZ with chorismate synthase PDB: 1UFM. 2D
structures of the candidate drugs (i) Rabeprazole (RBP) (j). Pantoprazole (PPZ). (k) Clarithromycin (CLA). (I) Tinadazole

(TIND). (m) Metronidazole (MTZ).
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patients had middle socio economic status. Most
of the participants presented with bloating, loss
of appetite, weight loss and upper abdominal
pain with prevalence of 79%, 78%, 75% and 22%
respectively. Most (77%) of participants were
not exposed to any proton pump inhibitor (PPI)
kit previously, 6% participants have used PPI Kit
for 2 weeks and 5% participant has used PPI Kit
for 4 weeks, as an extended regimen. Endoscopy
procedure showed PUD, Gastritis, gastro
esophageal reflux disorder (GERD), duodenal ulcer,
Gastric ulcer, duodenitits, non ulcer dyspepsia
(NUD) and malignant growth in different H. Pylori
infected cases (Table 3). Additionally we also found
the resistance pattern of different antibiotics
surveyed in this study, which were AMX -73%, CLA
-11%, MTZ- 53%, TET -47%, LEV -10%, FLRQ -13%.
Finally we compared the molecular docking scores
and the patients based survey data to know the
correlation between the two methods highlighting
the most effecting drugs during our study
(Table 4).

DISCUSSIONS

H. pylori is known to be one of the most
common human gastric pathogen which can cause
gastric ulcer, carcinoma and duodenal ulcer, if
improperly treated.?’ The infection is significantly
common in lower and middle socio-economic
population of many developing countries. As India
is a developing country, it also shows a higher
prevalence of H. pylori infection and around 20
million Indians were found to be associated with
PUD; which was the most common manifestation
of H. pylori infection in Indians.*

Based on available literatures and
our experience with the H. pylori infected
patients at SUM Hospital, we explored the most
commonly used antibiotics in patients of different
geographical areas of Odisha. We performed in
silico binding study with 13 conventional available
drugs used for H. pylori eradication. The binding
interaction of these drugs was studied against
receptor protein chorismate synthase of H. pylori.
Our results demonstrated that, the two antibiotics

Fig. 3A. H-Bonding interaction of compound with the active site of Chorismate synthase protein (1UMF). (a)
Fluoroquinolone (FLRQ). (b) Tetracycline (TET). (c) Cisapride(CSP). (d) Erythromycin (ETM).
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having highest binding affinity with the targeted and TET. Chu et al* suggested that, in addition to
protein, which might also inhibit the functions of  the reported mutation sites, H. pylori antibiotic
bacterial infection and carcinogenesis, were FLRQ  resistance in this region may also be associated

Fig. 3C. H-Bonding interaction of compound with the active site of Chorismate synthase protein (1UMF). (i)
Rabeprazole (RBP) (j). Pantoprazole (PPZ). (k) Clarithromycin (CLA). (I) Tinadazole (TIND). (m) Metronidazole (MTZ).
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with changes in some new sites, which can lead to
high recurrence rate after treatment.?> Similarly,
in our study, FLRQ and TET revealed a promising
result against H. pylori by molecular docking/in-
silico study.

Salehi et al.”” during year 2019 identified
key residues responsible for re-interacting GyrA
with LVX, GXN and MXN and also he noticed
G35 led to fully LVX resistance but the resistance
pattern could be overcame by the mutation
retaining all key contacts with GyrA.'” The loss
of one of those contacts (i.e., G35) led to full

Table 3. Demographic variables of all participants

Range Frequency (%)

Age 18-40 82(33%)
41-60 97(40%)
61-60 61(25%)
>81 5(2%)

Gender Individual ~ Frequency of

Helicobacter
positivity
Male 212 154(73%)
female 33 25(76%)
Patient Preclinical symptoms

Symptoms Frequency (%)

Upper abdominal pain  54(22%)

Bloating 194(79%

Loss of Appetite 192(78%)

Weight loss 184(75%

Clinical diagnosis

PUD 178(73%)

DU 108(44%)

Gastric ulcer 74(30%)

Gastritis 17(7%)

GERD 13(5%)

Duodenitits 14(6%)

Other non ulcer 18(7%)

Malignant growth 28(11%)

Drugs used

Apirin 9(4%)

NSAID 29(12%)

Steroids 4(1%)

Anticoagulants 7(3%)

PPI 34(14%)

LVX resistance. Yet, GXN and MXN overcame the
mutation, by retaining all key contacts with GyrA
24. In contrast, in our study, FLRQ and TET revealed
a good binding energy of -9.2 and -8.1 kcal/mole
respectively against Chorismate synthase protein
of H. pylori, as reported by molecular docking
analysis. It is already known that FLRQ is the
only drug that inhibits bacterial DNA synthesis
by blocking DNA replicating enzyme gyrase and
topoisomerase IV.% Long ago it has been revealed
that FLRQ are effective against H. pylori infection
and the TET resistance rate is very low in adults and
childreni.e. 2.3 % and 2.5% respectively.?®?” Again,
a meta-analysis has revealed that because of the
low cost and low resistance rate, the combination
of AMX and TET may be a suitable alternative
treatment.?®

Gehlot V et al.?® showed that more
than 70% of the isolated H. pylori strains were
resistant to at least one of the antibiotics used
for treatment. Specially, MTZ has the highest
prevalence of resistance and AMX and CLA have
shown least resistance to H. pylori isolates.
Hence, they suggested that these drugs might
be game changer during H. pylori management
in India.” A study from Bhutan, which has high
prevalence of H. pylori infection; MTZ had very
high resistance rate where as CLA resistance rate
was too low.3* Wani FA et al explored that TET and
quinolones might be the antibiotics of choice in the
eradication of H. pylori in the region of Jamu and
Kashmir.?® Interestingly 85% strains from Kolkata
were resistant to metronidazole and 7.5% strains
were resistant to tetracycline.**

Table 4. Comparison of docking score and patients
based survey data to represent the correlation

Antibiotic Percentage  Docking
R (%) scores
AMX 140 78 -7.6
CLA 123 69 -6.9
MTZ 139 78 -4.5
TET 59 33 -8.1
LEV 92 51 7.3
FLRQ 25 14 -9.2

PUD: Peptic ulcer disease; DU: Duodenal ulcer; GERD:
gastro esophageal reflux disease; NSAID: Non steroidal anti
inflammatory drug; PPI: Proton pump inhibitor.

Antibiotic R; Antibiotic Resistance, AMX, Amoxicillin; CLA,
Clarithromycin, MTZ,Metronidazole; TET,Tetracycline;
LEV,Levofloxacin; FLRQ,Fluoroquinolone.
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Hence, FLRQ and TET containing anti
H. Pylori regimen might be the best treatment
regimen for H. pyloriinfection eradication in India
but further long term multicentre studies are
required to validate our findings both in vivo and
vitro in future.
Limitation

Although we could perform the
computational and clinical survey analysis but
could not confirm/ validate our results by Gold
standard cultural analysis which is possibly the
major limitation of this study.

CONCLUSION

We concluded that an effective inter-
analysis in-between the experimental and
computational approaches are too much crucial in
the current context to find out a strong inhibitor for
H. Pylori. As more and more Insilco approaches are
invented, application to H. pylori drug discovery
would provide novel and effective inhibitor for this
emerging bacterium, which harms globally either
by developing peptic ulcer, or even development
of fatal gastric cancer. Our work is an endeavourer
to find out an efficient targeting of protein CS in
H. pylori, which proved that resistance pattern of
FLRQ and TET were lowest compared to all other
available anti H. pylori treatment medications,
currently available.
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