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INTRODUCTION
Helicobacter pylori is estimated to infect more than 
half of the world's population, although levels vary 
between regions.1 A higher prevalence of infection 
is found in developing countries compared to 
developed countries.2 The highest prevalence is 
found in residents in the regions of Latin America, 
the Caribbean, Nigeria, Serbia, South Africa, 
Nicaragua, and Colombia. Low prevalence can 
be found in North America, Belgium, Sweden, 
Ghana, and Yemen. The prevalence of infection 
in the European region varies between twenty to 
forty percent.3 Other findings revealed the highest 
prevalence of infection in regions of Africa, South 
America, and Western Asia, Nigeria, Portugal, 
Estonia, Kazakhstan, and Pakistan. The lowest 
prevalence is found in Oceania, Western Europe, 
North America, Switzerland, Denmark, New 
Zealand, Australia, and Sweden. The prevalence 
varies widely in large areas, for example, in rural 
Western Australia while in other areas it is lower. 
Alaska Natives are infected more than any other 
region of the Americas.4 The incidence of H. pylori 
infection is also found in various parts of Indonesia 
including Bali, Java, Kalimantan, Papua, Sumatra, 
and Sulawesi.5 The spread of infection is found 
in Papuan, Batak, Bugis, Chinese, Dayak, and 
Javanese tribes in Indonesian territory.6 

Long-term H. pylori infection will cause the risk of 
dyspeptic symptoms to gastric cancer.7 Helicobacter 
pylori is the first microbiota carcinogen established 
by the International Agency for Research on 
Cancer (IARC) of the World Health Organization 
(WHO). H. pylori infection is very likely a cause of 
severe stomach diseases such as peptic ulcers and 
stomach cancer. The disease has caused the death 
of more than one million lives each year.1 H. pylori 
is clinically associated with gastritis complaints and 
complications that can long cause stomach cancer.8 
H. pylori infection will cause a complex syndrome 
of atrophic gastritis and in the long term can cause 
stomach cancer.9 Although there is also a family 
history of stomach cancer, H. pylori infection also 
remains one of the main risk factors.10 Cancer deaths 
worldwide are due to stomach cancer, while H. 
pylori infection is the strongest risk factor. H. pylori 
is a specific microbiota that resides in the stomach 
and is specifically associated with the occurrence of 
stomach cancer.11 

The development of information technology has 
been increasingly rapid to get drugs that are easier 
and faster. Information provider sites have provided 
a lot of data to use in drug discovery research.12 New 
drug discovery uses information technology in the 
form of computer-aided drug discovery (in silico). 
Computer drug design by utilizing advances in 
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information technology can be done to identify and develop chemical 
compound structures, physicochemical properties, and biological 
activities.13 In silico approaches have been increasingly taken to identify 
active scaffolds and guide subsequent optimization processes from 
target structure prediction, integrating sequence data, binding side 
assessment, and target validation, to molecular docking assessment 
functions.14

For years, clarithromycin has been used as one of the first-line treatments 
for H. pylori infections. However, current reality indicates that 
clarithromycin has largely proven to be ineffective due to the increasing 
incidence of resistance.15 Resistance to levofloxacin also increases. The 
emergence of resistance in different regions poses a threat. Various H. 
pylori resistance to levofloxacin has been documented at significant 
levels in strains from several regions around the world.16 Resistance to 
all three antibiotics has been reported in Southeast Asia, South Asia, 
Nepal, and even Europe.17-18 High levels of resistance to levofloxacin 
have also been found in Indonesian strains.19 Given these conditions, 
alternative approaches in the treatment of H. pylori infections must be 
promptly developed.

Levofloxacin, a quinolone class of antibacterial, is an inhibitor of the 
DNA Gyrase protein. As a result of inhibiting DNA gyrase, relaxation 
of positively supercoiled DNA will be prevented so that the process of 
separating DNA chromosomes that have been replicated into daughter 
cells will be disrupted.20 DNA Gyrase is carried by the gyrA and gyrB 
genes.21 Several point mutations have been found in the gyrA and gyrB 
genes in Indonesian strains of H. pylori.19 Levofloxacin resistance is 
very possible due to the presence of point mutations in this gene.

Advances in information technology have accelerated the discovery 
of potential therapy compounds. Various databases can support the 
process of developing antibacterial discoveries, however, they cannot 
fully provide all the necessary data.22 The three-dimensional structure 
of gyrA and gyrB H. pylori needed to find antibacterial is still very 
limited.23 This research was conducted to get a three-dimensional 
structure of gyrA and gyrB H. pylori Indonesian strain. The three-
dimensional structure will be used in simulating the interaction of 
potential compounds with gyrA and gyrB H. pylori by in silico study. 
Molecular docking is a trustworthy way to simulate the interaction of 
potential compounds with receptor proteins.14

Indonesia has a lot of biodiversity but still not much that is used as 
medicine. There are many opportunities for drug discovery from various 
Indonesian plants that contain medicinal compounds. Hesperidin 
(Citrus aurantifolia), curcumin (Curcuma domestica), cinnamaldehyde 
(Cinnamomum burmannii), ethyl para-methoxycinnamate 
(Kaempferia galanga), and eugenol (Eugenia caryophyllata) are 
known as antimicrobial agents.24-30 Research on various compounds is 
generally carried out in vitro but not many have been done in silico 
studies. The description of oral administration of various compounds 
is needed to see the process of absorption, distribution, metabolism, 
and excretion (ADME), as well as the risk of toxicity (T) in the body. 
Screening of selection requirements for similarity with drugs on 
various compounds should also be carried out.31 The next process will 
describe the condition of the compound when interacting with gyrA 
and gyrB H. pylori. This compound has great potential as an anti-H. 
pylori but still needs to be proven further regarding its binding to the 
active sites of gyrA and gyrB. This research is important because of the 
growing number of Indonesian H. pylori strains that are resistant to 
levofloxacin. This study aims to provide evidence of the potential of 
hesperidin, curcumin, cinnamaldehyde, ethyl para-methoxycinnamate, 
and eugenol as anti-H. pylori agent through in silico studies.32-33

METHODS
This research is a type of experimental analysis research conducted 
in silico. The research design used was a randomized post-test-only 

experimental design with control. The study begins with screening 
through prediction of the process of absorption, distribution, 
metabolism, excretion, and toxicity (ADMET) of compounds in the 
body and to obtain compounds that meet the requirements as drugs. 
Compounds that have been confirmed to meet the requirements are 
carried out molecular docking on gyrA and gyrB. The amino acid 
sequences of gyrA and gyrB proteins were obtained from H. pylori 
populations from gastric biopsies of several people from various 
regions in Indonesia.19 The sample number consisted of ten amino acid 
sequences gyrA and ten gyrB. 

Instruments
An in silico study will be carried out using Core I.7 computer hardware 
with the Windows 11, 64-bit, 16 GB RAM operating system. The 
software that will be used directly on the provider's site is the Microsoft 
Edge browser to search the database provider's site and the software 
provider, the database provider's information about the structure of the 
compound Eugenol, Cinnamaldehyde, Ethyl Para-methoxycinnamate, 
Curcumin, Hesperidin, and Levofloxacin in the PubChem Compound 
Database (http://pubchem.ncbi.nlm.nih.gov) owned by National 
Library of Medicine, National Center for Biotechnology Information.34 
Software providers for similar prediction analysis as drugs and the 
formation of three-dimensional protein structures from Swiss Institute 
of Bioinformatics.35-37 Software Provider for Analysis of Biological 
Activity Prediction Analysis (ADMET) the PKCSM site owned by 
Collaboration between Instituto Rene Ranchou Fiocruz Minas, The 
University of Melbourne, and the University of Cambridge (https://
biosig.lab.uq.edu.au/pkcsm/prediction).38,62 The downloaded software 
and installed on a computer are Mollegro Virtual Docker (MVD) 
software which is used to find the location of the active site and conduct 
a virtual molecular tightening test and Discovery Studio Visualizer 4.1 
software (http://accelrys.com/resour) which uses to conduct a two-
dimensional analysis of residual interactions, namely position, type, 
number, and distance of interaction between compounds (Eugenol, 
Cinnamaldehyde, Ethyl Para-methoxycinnamate, Curcumin, 
Hesperidin, Levofloxacin) and DNA gyrase as a result of the molecular 
docking that has been carried out.39-40

MATERIALS
The compounds hesperidin, curcumin, cinnamaldehyde, ethyl para-
methoxycinnamate, eugenol, and Levofloxacin were downloaded 
from the PubChem database and stored as smiles.34 The gyrA and gyrB 
amino acid sequence of H. pylori data used comes from the Laboratory 
of The Institute of Tropical Disease (ITD) Airlangga University of 
Surabaya, Indonesia, and Faculty of Medicine Oita University of Yufu, 
Japan.5 Chemical structure of Eugenol, Cinnamaldehyde, Ethyl Para-
methoxycinnamate, Curcumin, and Hesperidin downloaded from the 
PubChem Compound Database Provider (http://pubchem.ncbi.nlm.
nih.gov). 

Determination of Compounds That Meet Drug Similarity 
Criteria and ADMET Prediction
The data were entered into the online pcKSM software to obtain 
absorption, distribution, metabolism, excretion, and toxication 
(ADMET) prediction data of these various compounds.64 The data was 
also entered into the online SwissADME software to get a prediction of 
similarity to a drug.37-38

GyrA and gyrB Preparation
The Indonesian gyrA and gyrB H. pylori strain amino acid sequence 
data was mapped using Bioedit and translated. The translation results 
are sent to the Swiss-MODEL software provider for three-dimensional 
structure formation.36

http://pubchem.ncbi.nlm.nih.gov
http://pubchem.ncbi.nlm.nih.gov
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GyrA and gyrB Active Site Discovery, Ligand Validation, 
Molecular Docking
Discovery of the gyrA and gyrB active site, ligand validation, and 
molecular docking using MVD software (Molegro® Virtual Docker 
version 5.5).41 The compound to be stocked is stored in 3D geometry 
with the lowest value MMFF94 mode energy pool.42 The best active 
site was obtained by attaching a control compound (levofloxacin) to 
gyrA and gyrB to obtain the least minimum energy score. The binding 
site molecular docking was validated as an antibacterial by redocking 
the control compound (levofloxacin) on the active site of gyrA and 
gyrB. The acceptance criteria were set with an RMSD value ≤ 2.0 Å.41 
Evaluation is carried out using the Moldock score. The smaller the 
score obtained, the more stable the binding between the ligand and 
the receptor.39 The Moldock score is the total energy of interaction of 
external and internal ligands. External ligand interactions are a sum 
of the energies of protein-ligand interactions and consistent cofactor-
ligand interactions.

RESULTS

ADMET Prediction
The results of ADMET prediction indicate that the compounds 
eugenol, cinnamaldehyde, and Ethyl p-methoxycinnamate are 
likely to be well absorbed in the digestive tract due to their Caco2 
permeability greater than 8 × 10−6 cm/s. Caco2 cell lines are epithelial 
cancer cells from the human colon and rectum, consisting of a single 
layer, serving as a model for in vitro digestive mucosa to predict 
the absorption of orally administered drugs.38 The predictions also 
show that the Caco2 permeability of eugenol, cinnamaldehyde, and 
Ethyl p-methoxycinnamate is greater than that of levofloxacin and 
even Levofloxacin. Hesperidin has the lowest predicted absorption 
compared to other compounds and the control. The results of the 
volume distribution prediction indicate that hesperidin has a higher 
concentration in tissues compared to plasma, while curcumin is more 
distributed in plasma, although not as much as Levofloxacin. Eugenol 

and cinnamaldehyde are likely to penetrate the blood-brain barrier as 
they have a log P value > 0.45 L/kg. Curcumin and hesperidin have a 
very low likelihood of penetrating the blood-brain barrier because they 
have a log P value < -0.15 L/kg, as well as the control compound.

The prediction results indicate that all compound metabolisms do not 
inhibit CYP 2D6 and CYP 3A4. CYP 2D6 and CYP 3A4 are the two 
most abundant isoforms of cytochrome P450, where approximately 
80% of drugs are metabolized by them.20,38 Only curcumin can inhibit 
CYP 3A4. The prediction of the total clearance rate of compounds in 
the body is a combination of hepatic clearance, which includes liver 
metabolism, biliary excretion, and renal clearance.38 The greater the 
total clearance, the faster the compound will be eliminated from the 
body. Clearance rate values are needed to determine the average dose 
and estimate the duration of the drug in the body. The results of the 
total clearance rate prediction show that all compounds except ethyl 
para-methoxycinnamate have lower values compared to the control, 
indicating that they are expected to stay in the body longer. Based on 
toxicity predictions using the pkCSM software, these compounds are 
relatively safe for the liver and do not cause toxic effects. Maximum 
dose predictions based on body weight per day have also been obtained, 
serving as further safety references.

Drug similarity prediction
Predictions to assess compound similarity for drug functionality are 
conducted based on various criteria commonly used, following the 
principles of Muegge, Egan, Veber, Lipinski, and Ghose.37 Molecular 
weight is one of the requirements specified by Lipinski, Ghose, and 
Muegge. Eugenol and Cinnamaldehyde do not meet Muegge's criteria 
due to their molecular weight being too light, i.e., less than 200 grams/
mol.63 Ghose also rejects Cinnamaldehyde because its molecular weight 
is less than 160 grams/mol.43 Hesperidin fails to meet the criteria of 
Muegge, Lipinski, and Ghose because its molecular weight exceeds the 
maximum limits of 600, 500, and 480 grams/mol, respectively. Egan, 
Veber, and Muegge criteria do not qualify for hesperidin because it 
exceeds the maximum limits for TPSA, namely 131.6, 140, and 150. 

Compounds

Absorption Distribution Metabolism Excretion Toxicity

Caco2 
permeability 
(log Papp in 
10-6 cm/s)

Human 
Intestinal 
absorption 
(%)

VDss (log 
L/kg)

BBB 
permeability 
(log BB) 

CYP2D6 
substrate 
and 
inhibition

CYP3A4 
substrate 
and 
inhibition

Total 
Clearance 
(log ml/
min/kg)

Max. 
tolerated 
dose  (log 
mg/kg/
day)

Oral Rat 
Acute 
Toxicity 
(LD50) 
(mol/kg)

Hepatotoxicity

Eugenol 1.559 92.041 0.24 0.374 No No 0.282 1.024 2.118 No
Cinnamaldehyde 1.634 95.015 0.266 0.436 No No 0.203 0.876 1.88 No
Curcumin -0.093 82.19 -0.215 -0.562 No Yes -0.002 0.081 1.833 No
Hesperidin 0.505 31.481 0.996 -1.715 No No 0.211 0.525 2.506 No
Ethyl 
p-methoxycinnamate 1.563 97.039 -0.057 0.111 No No 0.809 0.997 2.127 No

Levofloxacine 1.365 97.397 -0.028 -0.792 No No 0.414 0.965 2.59 Yes

Table 1. The table that shows the ADMET prediction results 

Caco2, colorectal adenocarcinoma; VDss, volume distribution; BBB, blood-brain barrier; CYP, cytochrome 450; LD50, lethal dose 50.

Compounds
Muegge Egan / Veber Lipinski Ghose
XLOGP WLOGP TPSA Rot Bond HBA HBD MLOGP MW WLOGP MR

Eugenol 2.27 2.13 29.46 3 2 1 2.01 164.2 2.13 49.06
Cinnamaldehyde 1.9 1.79 17.07 2 1 0 2.01 132.16 1.79 41.54
Curcumin 3.2 3.15 93.06 8 6 2 1.47 368.38 3.15 102.8
Hesperidin -0.14 -1.48 234.29 7 15 8 -3.04 610.56 -1.48 141.41
Ethyl p-methoxycinnamate 3.15 2.16 35.53 5 3 0 2.16 206.24 2.16 58.73
Levofloxacine -0.39 1.2 75.01 2 6 1 0.98 361.37 1.2 101.83

Table 2. The table that shows the prediction of drug similarity results .

TPSA, topography polar surface area; HBA, hydrogen bond acceptor; hydrogen bond donor; MW, molecular weight; MR, molar refraction.
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Hesperidin also surpasses the constraints set by Muegge's criteria, with 
the maximum hydrogen acceptors exceeding 10 and donors less than 5. 
Hesperidin's molar refractivity also exceeds Ghose's limit of 130, as well 
as WLogP, which should be less than -0.4. 

Three-Dimensional Structure of the Indonesian gyrA H. 
pylori Strain
The three-dimensional shape of gyrA was obtained through prediction 
using SWISS-MODEL.35 GyrA is composed of two side functions 
consisting of groups β strands and α helices. Two strands α helices 
are arranged lengthwise with notches at the ends and the other strand 
forms a triangle-like shape. A single strand α helices connects the two 
at the end. The five strands of the group α helices are on the middle side 
with two short strands β sheets inedged. A strand of α helices seemed to 
dangle outwards from this group. The β strands group is on the middle 
side consisting of five β sheets with two short α helices as a link at the 
ends. GyrA has a group of β strands on the other end side consisting 
of twenty-three β sheets making a ball formation that has space in the 
middle.

The cavity formed with Molegro Virtual Docker (MVD) Ver.5.5 is a 
binding site location that can be used as a reference for the molecular 
docking process.44 The five reference positions have volumes of 
745.472, 252.928, 104.448, 89.6, and 75.264 with surface areas of 
2204.16, 788.48, 298.24, 313.6, and 288. Molecular docking of the gyrA 
at the five reference positions resulted in scores of -107.176, -102.833, 
-89.6367, -92.3519, and -87.1997. The best position (score -107.176) is 
used as a reference for anchoring.

Molecular Docking Studies on gyrA
The grid box for the binding site is positioned on the X-axis at -26.23 
Å, on the Y-axis at 14.55 Å, and the Z-axis at 51.75 Å. The Levofloxacin 
docking process at this position yielded the best score. The results of 
the redocking process for the validation of the binding site positions 
obtained an RMSD value of 0.13 Å, as shown in Figure 2. These results 
indicate that the method is valid for use in docking studies, as the 
RMSD value is less than 2 Å.41

The docking of various compounds on gyrA results in hydrophobic 
interactions, hydrogen bond interactions, and electrostatics. 
Levofloxacin has halogen bonds as a differentiator from other 
compounds. The lowest scores were obtained for curcumin and 
hesperidin, while cinnamaldehyde, ethyl para methoxycinnamate, 
and eugenol produced higher scores than levofloxacin. The results 
of attaching levofloxacin to gyrA showed an average Moldock 
score of -85.60964 kcal/mol. Hydrogen bond interactions consist 
of conventional, carbon-hydrogen, and Pi-donor hydrogen bonds. 
Hydrophobic interactions consist of Amide-Pi Stacked, Pi-alkyl, and 
Alkyl. Electrostatic bonds are of the Pi-anion and Pi-cation types.

Conventional hydrogen bonds are obtained at amino acid residues A: 
Cys 810, A: Glu 814, and A: Pro 811 with distances 2.84 Å, 2.77 Å, 1.65 
Å. Carbonic hydrogen bonds are obtained at amino acid residues A: 
Arg 580, A: Glu 813, A: Glu 814, A: Gly 534, A: Ile 599, A: Lys 535, 
A: Lys 811, A: Lys 812, A: Phe 545, and A: Pro 810 with distance 2.63 
Å, 2.27 Å, 2.41 Å, 2.86 Å, 2.33 Å, 2.81 Å, 2.44 Å, 2.56 Å, 2.73 Å, 2.74 
Å. Pi-donor hydrogen bonds are obtained at amino acid A: Glu 814 
with a distance of 2.94 Å. Stacked Amide-Pi type hydrophobic bonds 
are formed on amino acid residues A: Leu 536 and A: Lys 535 with 
distances 4.35 Å and 4.35 Å. Alkil-type hydrophobic bonds are formed 
on amino acid residues A: Ile 546, A: Leu 536, A: Pro 810, and A: Pro 
811 with distance 4.68 Å, 4.85 Å. 4.73 Å, 5.31. Pi-alkyl type hydrophobic 
bonds are formed on amino acid residues A: Pro 810, A: Ile 546, A: 
Phe 549, A: Tyr 525, and A: Tyr 805 with distance 5.34 Å, 5.45 Å, 3.2 
Å, 5.42 Å, 5.42 Å. Pi-nation electrostatic interactions are obtained at 

amino acid residues A: Arg 580 and A: Arg 778 with distances of 3.42 
Å, and 4.69 Å. Pi-anion electrostatic interactions are obtained at amino 
acid residues A: Glu 547 with a distance of 2.94 Å. Halogen bonds are 
obtained at amino acid residues B: Glu 812, A: Glu 813, A: Glu 814, A: 
Ile 599, and A: Leu 536 with distance 3.352 Å, 3.42 Å, 3.59 Å, 2.93 Å, 
2.63 Å.

Hesperidin exhibited hydrophobic, hydrogen bonding, and 
electrostatic interactions with an average Moldock score of -161.4728 
kcal/mol. The hydrogen bonding interactions of hesperidin include 
conventional hydrogen bonds, carbon-hydrogen bonds, and Pi-donor 
hydrogen bonds. Hydrophobic interactions consist of Pi-Pi T-shaped, 
Pi-Alkyl, and Alkyl bonds. The electrostatic interactions are of the Pi-
cation and Pi-anion type. Conventional hydrogen bonds are obtained 
at amino acid residues A: Arg 580, A: Arg 778, A: Cys 809, A: Leu 536, 
A: Lys 811, A: Lys 812, A: Pro 810, A: Pro 811, and A: Tyr 525 with 
distance 2.78 Å, 1.82 Å, 2.17 Å, 1.53 Å, 2.22 Å, 2.69 Å, 1.96 Å, 1.66 Å, 
1.92 Å. Carbonic hydrogen bonds are obtained at amino acid residues 
A: Arg 580, A: Glu 547, A: Glu 812, A: Glu 813, A: Glu 814, A: Ile 599, 
A: Lys 535, A: Met 583, and A: Pro 811 with distance 2.63 Å, 1.87 Å, 
2.53 Å, 2.65 Å, 2.76 Å, 2.33 Å, 1.74 Å, 2.22 Å, 2.49 Å. Pi-donor type 
hydrogen bonds are obtained at amino acid residues A: Ala 705 with a 
distance of 2.7 Å. Alkyl-type hydrophobic bonds are formed on amino 
acid residues A: Ile 546, A: Ala 705, A: Cys 809, A: Ile 546, A: Lys 518, 
A: Lys 812, and A: Pro 811 with distance 4.38 Å, 4.31 Å, 3.7 Å. 4.37 Å, 
3.29 Å, 5.3 Å. Pi-alkyl hydrophobic bonds are obtained on amino acid 
residues A: Cys 809, A: Met 583, A: Phe 545, A: Pro 810, and A: Pro 
811 with distances 5.26 Å, 5.26 Å, 4.87 Å, 3.97 Å, 4.85 Å, 4.95 Å. Pi-Pi 
T-shaped hydrophobic bonds are obtained on amino acid residues A: 
Tyr 525 and A:Tyr 805 with distance 5.14 Å, 4.88 Å. Pi-cation type 
electrostatic bonds are obtained at amino acid residues A: Arg 580 and 
A: Arg 778 with distance 4.63 Å, 4.69 Å. Pi-anion type electrostatic 
bonds are obtained in amino acid residues A: Glu 812 with a distance 
of 4.96 Å.

The molecular docking results of Curcumin to gyrA obtained 
hydrophobic interactions, hydrogen bond interactions, and 
electrostatics with an average moldock score value of -150.9947 kcal/
mol. The hydrogen bond interaction consists of conventional hydrogen 
bonds and carbon-hydrogen bonds. Hydrophobic interactions consist 
of Pi-Pi, T-shaped, Pi-alkyl, and Alkyl ones. Electrostatic bonds are Pi-
anion and Pi-cation types. Conventional hydrogen bonds are obtained 
at amino acid residues A: Arg 580, A: Arg 778, A: Cys 809, A: Gly 534, 
and A: Ile 546 with distances 2.48 Å, 1.94 A, 2.38 A, 2.64 Å, 2.29 A. 
Carbon hydrogen bonds are obtained in amino acid residues A: Glu 
812, A: Glu 813, A: Glu 814, A: Leu 536, A: Lys 518, A: Lys 811, A: Pro 
810, and A: Pro 811 with distance 2.84 Å, 2.83 Å, 2.79 Å, 2.69 Å, 2.34 
Å, 2.48 Å, 2.05 Å, 2.5 Å. Alkyl-type hydrophobic bonds are formed 
on amino acid residues A: Met 583 with a distance of 4.25 Å. Pi-alkyl 
hydrophobic bonds are formed on amino acid residues A: Cys 809, A: 
Cys 810, A: Ile 546, A: Leu 536, A: Pro 810, A: Pro 811 and A: Tyr 805 
with distance 5.22 Å, 5.41 Å, 4.83 Å, 4.95 Å, 4.68 Å, 4.24 Å, 4.31 Å. Pi-Pi 
T-shaped hydrophobic bonds are obtained on amino acid residues A: 
Phe 549 and A: Tyr 805 with distances of 5.92 Å, and 5.06 Å. Pi-cation 
type electrostatic interaction is obtained on amino acid residues A: Arg 
778 with a distance of 4.73 Å. Pi-anion type electrostatic interaction 
is obtained on amino acid residues A: Glu 547 and A: Glu 813 with 
distances of 4.67 Å and 4.29 Å.

The molecular docking results of cinnamaldehyde on gyrA obtained 
hydrophobic interactions, hydrogen bond interactions, and 
electrostatics with an average moldock score value of -73.21497 
kcal/mol... The hydrogen bond interaction consists of conventional 
hydrogen bonds and carbon-hydrogen bonds. Hydrophobic 
interactions consist of Pi-Pi T-shaped, Amide-Pi Stacked, and Pi-alkyl. 
Electrostatic interaction of Pi-cation type. Conventional hydrogen 
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Figure 1. The three-dimensional shape of gyrA by SWISS-MODEL prediction. Visualization by Discovery Studio Visualizer.

Figure 2. The figure that showing some possible reference positions for anchoring in gyrA (right). Comparison of re-docking results for the validation 
process with Molegro Virtual Docker (MVD) Ver.5.5 with RMSD 0.5 Å (left).

Figure 3. Molecular docking experiments targeting gyrA and levofloxacin. Levofloxacin interactions at the active site of gyrA are shown as dashed 
lines indicating hydrogen bonding (green), hydrophobic interaction (pink), halogen interaction (blue), and electrostatic interaction (orange) by Biovia 
Discovery Studio.
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Figure 4. Molecular docking experiments targeting gyrA and hesperidin. Hesperidin interactions at the active site of gyrA are shown as dashed lines 
indicating hydrogen bonding (green), hydrophobic interaction (pink), and electrostatic interaction (orange) by Biovia Discovery Studio.

Figure 5. Molecular docking experiments targeting gyrA and curcumin (white). Curcumin interactions at the active site of gyrA are shown as dashed lines 
indicating hydrogen bonding (green), hydrophobic interaction (pink), and electrostatic interaction (orange) by Biovia Discovery Studio.

Figure 6. Molecular docking experiments targeting gyrA and cinnamaldehyde. Cinnamaldehyde interactions at the active site of gyrA are shown as 
dashed lines indicating hydrogen bonding (green), hydrophobic interaction (pink), and electrostatic interaction (orange) by Biovia Discovery Studio.
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Figure 7. Molecular docking experiments targeting gyrA and ethyl para methoxycinnamate. Ethyl para methoxycinnamate interactions at the active 
site of gyrA are shown as dashed lines indicating hydrogen bonding (green), hydrophobic interaction (pink), and electrostatic interaction (orange) by 
Biovia Discovery Studio.

Figure 8. Molecular docking experiments targeting gyrA and eugenol (yellow). Eugenol interactions at the active site of gyrA are shown as dashed lines 
indicating hydrogen bonding (green), hydrophobic interaction (pink), and electrostatic interaction (orange) by Biovia Discovery Studio.

Figure 9. The three-dimensional shape of gyrB by SWISS-MODEL prediction. Visualization by Discovery Studio Visualizer.
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Figure 10. This is a figure that shows some possible reference positions for anchoring in gyrB (right). Comparison of re-docking results for the validation 
process with Molegro Virtual Docker (MVD) Ver.5.5 with RMSD 0.0024 Å (left).

Figure 11. Molecular docking experiments targeting gyrB and levofloxacin (yellow). The levofloxacin interactions at the active site of gyrB are shown as 
dashed lines indicating hydrogen bonding (green), hydrophobic interaction (pink), and halogen interaction (blue). and electrostatic interaction (orange) 
by Discovery Studio Visualizer.

Figure 12. Molecular docking experiments targeting gyrB and hesperidin (yellow). The hesperidin interactions at the active site of gyrB are shown as 
dashed lines indicating hydrogen bonding (green), hydrophobic interaction (pink), and electrostatic interaction (orange) by Discovery Studio Visualizer.
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Figure 13. Molecular docking experiments targeting gyrB and curcumin (yellow). The curcumin interactions at the active site of gyrB are shown as 
dashed lines indicating hydrogen bonding (green), hydrophobic interaction (pink), and electrostatic interaction (orange) by Discovery Studio Visualizer.

Figure 14. Molecular docking experiments targeting gyrB and cinnamaldehyde (yellow). The cinnamaldehyde interactions at the active site of gyrB are shown as 
dashed lines indicating hydrogen bonding (green), hydrophobic interaction (pink), and electrostatic interaction (orange) by Discovery Studio Visualizer.

Figure 15. Molecular docking experiments targeting gyrB and ethyl p-methoxycinnamate (yellow). The ethyl p-methoxycinnamate interactions at the 
active site of gyrB are shown as dashed lines indicating hydrogen bonding (green), hydrophobic interaction (pink), and electrostatic interaction (orange) 
by Discovery Studio Visualizer.

Figure 16. Molecular docking experiments targeting gyrB and eugenol (yellow). The eugenol interactions at the active site of gyrB are shown as dashed 
lines indicating hydrogen bonding (green), hydrophobic interaction (pink), and electrostatic interaction (orange) by Discovery Studio Visualizer.
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bonds are obtained at amino acid residues A: Arg 778 with a distance 
of 2.8 Å. Pi-donor type hydrogen bonds are obtained in amino acid 
residues A: Glu 814 with a distance of 3 Å. Carbon hydrogen bonds are 
obtained in amino acid residues A: Ile 546 and A: Lys 518 with distance 
3 Å and 2.5 Å. Pi-alkyl type hydrophobic interactions are formed on 
amino acid residues A: Ala 705, A: Ile 546, A: Leu 536, and A: Pro 
810 with distance 4.06 Å, 4.25 Å, 5.45 Å, 3.82 Å. Amide-Pi Stacked 
hydrophobic interactions are formed on amino acid residues A: Leu 
536 and A: Lys 535 with distances 3.95 Å, and 3.93 Å. Pi-Pi T-shaped 
hydrophobic interactions are formed on amino acid residues A: Phe 
549 with a distance of 5.04 Å. Pi-cation type electrostatic interaction 
is formed on amino acid residues A: Arg 580 with a distance of 4.37 Å.

The molecular docking results of ethyl para methoxycinnamate on gyrA 
obtained hydrophobic interactions, hydrogen bond interactions, and 
electrostatics with the average Moldock score value is -99.52707 kcal/
mol. The hydrogen bond interaction consists of conventional hydrogen 
bonds and carbon-hydrogen bonds. Hydrophobic interactions consist 
of Amide-Pi Stacked, Pi-sigma, Pi-alkyl, and alkyl. Conventional 
hydrogen bonds are obtained at amino acid residues A: Ala 705 (2.37 
Å), A: Arg 778 (2.19 Å), and A: Cys 809 (2.45 Å). Carbon hydrogen 
bonds are obtained in amino acid residues A: Glu 814 (2.65 Å), A: 
Gly 534 (2.73 Å), A: Ile 546 (3.02 Å), A: Lys 812 (3.02 Å), A: Pro 810 
(2.36 Å), and A: Pro 811 (2.82 Å). Alkyl-type hydrophobic interactions 
are obtained on amino acid residues A: Ala 705 (3.54 Å), A: Cys 810 
(3.81 Å), A: Ile 546 (4.41 Å), and A: Leu 536 (4.54 Å). Pi-alkyl-type 
hydrophobic interactions are obtained on amino acid residues A: Phe 
545 (4.66 Å) and A: Phe 549 (4.32 Å). Amide-Pi Stacked hydrophobic 
interaction is obtained on amino acid residues A: Lys 535 and A: Lys 
536 with their respective distances of 3.83 Å. Pi-sigma type hydrophobic 
interaction is obtained on amino acid residues A: Glu 813 with a 
distance of 2.28 Å. Pi-cation type electrostatic interaction is formed on 
amino acid residues A: Arg 580 with a distance of 4.42 Å. Pi-anion type 
electrostatic interactions are formed at amino acid residues A: Glu 812 
with a distance of 4.01 Å.

The molecular docking result of Eugenol to gyrA obtained hydrophobic 
interactions, hydrogen bond interactions, and electrostatics with the 
average Moldock score value is -79.6928 kcal/mol. Hydrogen bond 
interactions consist of conventional hydrogen bonds, carbon-hydrogen 
bonds, and hydrogen Pi-donors. Hydrophobic interactions consist of 
Amide-Pi Stacked, Pi-Pi T-shaped, Pi-alkyl, and alkyl. Conventional 
hydrogen bond interactions are obtained at amino acid residues A: 
Arg 580 (2.89 Å), A: Cys 809 (1.84 Å), A: Glu 813 (2.37 Å), and A: Ile 
546 (2.3 Å). The interaction of carbon-hydrogen bonds is obtained in 
amino acid residues A: Glu 547 (2.5 Å), A: Glu 814 (2.36 Å), A: Glu 547 
(2.5 Å), A: Gly 534 (2.89 Å), A: Lys 535 (2.2 Å), and A: Phe 545 (2.64 Å). 
Pi-donor hydrogen bond interaction is obtained at amino acid residues 
A: Ile 546 with a distance of 2.9 Å. Alkyl-type hydrophobic interactions 
are present in amino acid residues A: Ile 546 (4.56 Å), A: Ile 599 (4.39 
Å), A: Pro 810 (3.91 Å), A: Cys 809 (4.58 Å), and A: Lys 518.

Three-Dimensional Structure of the Indonesian gyrB H. 
pylori Strain
The three-dimensional shape of gyrB was obtained through prediction 
using SWISS-MODEL.35 GyrB is composed of a penta dihedral with 
open holes at its base flanked by eight β sheets on one side and three 
β sheets on the other. Six α helices connect the eight β sheets to four 
β sheets on the inside. Five α helices connect the three β sheets to 
eight woven eight β sheets on the inner side. The two formations are 
connected by a long α of helices that form sharp notches in the shape of 
a pointed pentagonal peak.

The cavity formed with Molegro Virtual Docker (MVD) Ver.5.5 is a 
binding site location that can be used as a reference for the molecular 

docking process.44 The five reference positions have volumes of 4413.44, 
203.264, 125.952, 44.544, and 29.690 with surface areas of 11928.3, 
573.6, 430.08, 170.24, and 102.4. Molecular docking of the gyrA at 
the five reference positions resulted in scores of -105.208, -96.8272, 
-123.011, -79.56, and -77.2093. The best position (score -123.011) is 
used as a reference for anchoring.

Molecular Docking Studies on gyrB
The grid box for the binding site is positioned on the X-axis at -15.98 
Å, on the Y-axis at 0.76 Å, and the Z-axis at 28.51 Å. The molecular 
docking results of the levofloxacin in that position obtained the best 
score. The results of the redocking process for the validation of the 
binding site positions obtained an RMSD value of 0.0024 Å which can 
be observed in Figure 9. These results indicate that the method is valid 
for use as a belay test because the RMSD value is less than 2 Å. 

The docking of various compounds on gyrB results in hydrophobic 
interactions, hydrogen bond interactions, and electrostatics. 
Levofloxacin has halogen bonds as a differentiator from other 
compounds. The hydrogen bond interaction consists of conventional 
hydrogen bonds and carbon-hydrogen bonds. Hydrophobic 
interactions consist of Amide-Pi Stacked, Pi-alkyl, and Alkyl. The 
electrostatic interaction obtained is of Pi-anion type. The lowest scores 
were obtained on curcumin and hesperidin, while cinnamaldehyde, 
ethyl para-methoxycinnamate, and eugenol produced higher scores 
than levofloxacin. The molecular docking results of levofloxacin to gyrB 
obtained an average moldock score value of -122.5873 kcal/mol. 

Conventional hydrogen bond interactions are obtained at amino acid 
residues A: Asn 44 (2.56 Å), A: Gly 75 (2.52 Å ), and A: Val 41 (1.68 Å). 
Carbon hydrogen bonds are obtained in amino acid residues A: Asn 
44 (2.56 Å), A: Asp 71 (1.33 Å, 2.66 Å), A: Gly 75 (2.5 Å), A: Gly 100 
(2.66 Å), A: Thr 166 (2.5 Å), A: Tyr 107 (2.66 Å), and A: Val 41 (2.67 
Å). Amide-Pi Stacked hydrophobic interaction is obtained on amino 
acid residues A: Asn 44 and A: Gly 75 with distances 4.39 Å and 3.99 
Å. Pi-pi T-shape type hydrophobic interactions are present in amino 
acid residues A: Tyr 107 with a distance of 5.4 Å. Pi-alkyl hydrophobic 
bonds are present in amino acid residues A: Ile 76 (4 Å), A: Pro 77 (4.9 
Å), and A: Tyr 107 (4.8 Å). Alkyl-type hydrophobic bonds are obtained 
on amino acid residues A: Ala 45 (5 Å), A: Ile 76 (3.7 Å), and A: Val 92 
(4.68 Å). Pi-anion type electrostatic interaction is obtained at amino 
acid residues A: Glu 48 with a distance of 4.2 Å. Halogen bonds are 
obtained in amino acid residues A: Asp 71 (3.5 Å), A: Glu 48 (3.6 Å), A: 
Gly 75 (2.57 Å), and A: Thr 66 (2.4 Å).

The molecular docking result of hesperidin to gyrB obtained 
hydrophobic interaction and hydrogen bond interaction with 
an average Moldock score value of -151.8591 kcal / mol. Neither 
electrostatic nor halogen interactions were found. The hydrogen bond 
interaction consists of conventional hydrogen bonds and carbon-
hydrogen bonds. The hydrophobic interaction consists of Pi-alkyl and 
alkyl. Conventional hydrogen bond interactions are obtained at amino 
acid residues A: Ala 45 (2.09 Å), A: Arg 74 (2.58 Å), A: Asp 71 (1.52 Å), 
A: Glu 48 (2.54 Å), A: Gly 75 (2.8 Å), A: Gly 100 (2.73 Å), A: Asn 44 (2.7 
Å), A: Lys 101 (2.82 Å), A: Tyr 107 (2.32 Å), A: Val 41 (1.62 Å), and A: 
Val 69 (2.46 Å). The interaction of carbon-hydrogen bonds is obtained 
in amino acid residues A: Arg 74 (2.94 Å), A: Asp 71 (1.52 Å), A: Gly 
75 (2.2 Å), A: Gly 100 (2.7 Å), A: Ile 76 (1.95 Å), A: Lys 101 (2.84 Å), 
A: Pro 77 (2.77 Å), A: Thr 166 (2.36 Å), and A: Tyr 107 (2.41 Å). Alkyl-
type hydrophobic interactions are obtained on amino acid residues 
A: Arg 74 (2.94 Å), A: Ile 76 (4.9 Å), A: Lys 101 (3.31 Å ), A: Pro 77 
(3.6 Å), A: Val 41 (3.83 Å), and Val 92 (4.24 Å). Pi-alkyl hydrophobic 
interactions are obtained at amino acid residues A: Ile 76 (4.17 Å), A: 
Pro 77 (4.17 Å), A: Lys 101 (5.1 Å ), A: Tyr 107 (4.17 Å), and A: Val 92 
(5.25 Å). Pi-cation type electrostatic interaction is obtained at amino 
acid residues A: Lys 101 with a distance of 4 Å.
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The molecular docking result of curcumin to gyrB obtained hydrophobic 
interactions, hydrogen bond interactions, and electrostatic interactions 
with an average Moldock score value of -159.2033 kcal/mol. The 
hydrogen bond interaction consists of conventional hydrogen bonds 
and carbon-hydrogen bonds. Hydrophobic interactions consist of 
Amide-Pi Stacked, Pi-alkyl, and alkyl types. Both Pi-cation and Pi-
anion-type electrostatic interactions can be found. Conventional 
hydrogen bond interactions are obtained at amino acid residues A: Ala 
98 (1.92 Å), A: Asn 44 (2.62 Å), A: Asp 71 (2.4 Å), A: Glu 48 (2.91 Å), 
A: Gly 75 (2.32 Å), A: Gly 100 (2.5 V), A: Thr 166 (2.15 Å), and A: Tyr 
107 (2.43 Å). The interaction of carbon-hydrogen bonds is obtained in 
amino acid residues A: Ala 98 (2.61 Å), A: Asn 44 (2.87 Å), A: Glu 48 
(2.87 Å), A: Gly 75 (2.19 Å), A: Gly 100 (2.78 Å), A: Ile 76 (2.85 Å), A: 
Pro 77 (2.8 Å), A: Thr 166 (2.64 Å), and A: Tyr 107 (2.62 Å). Pi-alkyl 
type hydrophobic interactions were obtained on amino acid residues 
A: Ala 45 (5.39 Å), A: Ala 98 (4.75 Å), A: Ile 76 (5.11 Å), A: Pro 77 (4.29 
Å), A: Tyr 107 (4.81 Å), A: Val 91 (5.06 Å), and A: Val 92 (5.07 Å). 
Alkyl-type hydrophobic interactions were found in amino acid residues 
A: Ala 98 (4.75 Å), A: Arg 74 (3.6 Å), A: Ile 76 (4.84 Å), A: Ile 168 (3.89 
Å), A: Pro 77 (4.05 Å), A: Val 91 (4.46 Å), and A: Val 92 (4.18 Å). The 
hydrophobic interaction of the Amide-Pi Stacked type was obtained on 
amino acid residues A: Ala 45 and A: Asn 44 with distances of 4.71 Å. 
Electrostatic interaction of Pi-cation type was obtained on amino acid 
residues A: Arg 74 and A: Lys 101 with distances of 4.62 Å and 5.03 Å, 
while Pi-anion type was found on amino acid residues A: Glu 48 with 
a distance of 4.26 Å. 

The molecular docking result of cinnamaldehyde to gyrB obtained 
hydrophobic interactions, hydrogen bond interactions, and electrostatic 
interactions with an average Moldock score value of -73.81889 kcal/
mol. The interaction of hydrogen bonds is only the type of carbon-
hydrogen bond found in amino acid residues A: Arg 74 and A: Val 41 
with distances of 2.83 Å and 2.68 Å. Hydrophobic interactions are also 
only obtained in Pi-alkyl types obtained in amino acid residues A: Ile 
76 with a distance of 4.67 Å. Electrostatic interaction of Pi-anion type 
is obtained in amino acid residues A: Glu 48 with a distance of 4.25 Å.

The molecular docking result of Ethyl Para-methoxycinnamate to 
gyrB obtained hydrophobic interactions, hydrogen bond interactions, 
and electrostatic interactions with an average Moldock score value 
of -108.9359 kcal/mol. The hydrogen bond interaction consists 
of conventional hydrogen bonds and carbon-hydrogen bonds. 
Hydrophobic interactions consist of Amide-Pi Stacked, Pi-alkyl, and 
alkyl types. The electrostatic interaction obtained is only of the Pi-anion 
type. Conventional hydrogen bond interactions are obtained at amino 
acid residues A: Arg 74 and A: Asn 44 with distances of 2.8 Å and 2.3 
Å. The hydrogen bond interaction of carbon is obtained in amino acid 
residues A: Asp 71 (2.75 Å), A: Glu 48 (2.6 Å), A: Gly 75 (2.1 Å), A: 
Pro 77 (2.18 Å), A: Thr 166 (2.78 Å), A: Tyr 107 (2.67 Å), and A: Val 
41 (2.55 Å). The hydrophobic interaction of Pi-alkyl type is found in 
amino acid residues A: Tyr 107 with a distance of 5.32 Å. Hydrophobic 
interactions of alkyl types are obtained in amino acid residues A: Ala 
45 (4.2 Å), A: Arg 74 (4.16 Å), A: Ile 168 (4.8 Å), A: Ile 76 (5.1 Å), A: 
Val 41 (5.27 Å), and A: Val 69 (4.83 Å). Amide-Pi Stacked hydrophobic 
interactions are found in amino acid residues A: Ala 45 (5.49 Å), A: 
Asn 44 (5.49 Å), A: Gly 75 (4.2 Å), and A: Pro 77 (3.8 Å). Pi-anion type 
electrostatic interaction is obtained at amino acid residue A: Glu 48 
with a distance of 4.27 Å.

The molecular docking result of Eugenol to gyrB obtained hydrophobic 
interactions, hydrogen bond interactions, and electrostatic interactions 
with an average Moldock score value of -80.1974 kcal/mol. The hydrogen 
bond interaction consists of conventional hydrogen bonds and carbon-
hydrogen bonds. Hydrophobic interactions consist of Amide-Pi 
Stacked, Pi-alkyl, and alkyl types. The electrostatic interaction obtained 
is only of the Pi-anion type. Conventional hydrogen bond interactions 

are obtained at amino acid residues A: Asp 71 (2.2 Å), A: Glu 48 (2.94 
Å), and A: Thr 166 (1.9 Å). The interaction of carbon-hydrogen bonds 
is obtained in amino acid residues A: Asp 71 (2.28 Å), A: Glu 48 (2.6 
Å), A: Gly 75 (2.73 Å), A: Thr 166 (2.8 Å), A: Tyr 107 (2.58 Å), A: Val 
41 (2.2 Å), and A: Val 69 (2.7 Å). Alkyl-type hydrophobic interactions 
are found in amino acid residues A: Ala 45 (4.4 Å), A: Arg 74 (4.9 Å), 
A: Ile 76 (5 Å), A: Ile 168 (4.4 Å), A: Pro 77 (5.2 Å), A: Val 41 (5.3 Å), 
and A: Val 69 (4.6 Å). The hydrophobic interaction of Pi-alkyl type 
was obtained at amino acid residues A: Ile 76 with a distance of 5.2 Å. 
Hydrophobic interactions of the Amide-Pi Stacked type are found in 
amino acid residues A: Ala 45 and A: Asn 44 with the same distance 
of 4.5 Å. Pi-anion type electrostatic interaction is found in amino acid 
residues A: Glu 48 with a distance of 3.98 Å. 

DISCUSSION
The results of molecular docking show that curcumin and hesperidin 
are compounds that have the most potential as anti-H. pylori. This 
is because the Moldock score produced by curcumin and hesperidin 
from the molecular docking process on gyrA and gyrB is better than the 
control compound (levofloxacin). Another study also mentioned that 
hesperidin also had a better docking score than control compounds 
as a result of molecular docking in human serum albumin (HSA) to 
treat digestive disorders.45 Molecular docking of hesperidin in the 
NF-κB p50 DNA binding site also resulted in the best docking score 
compared to other compounds in treating anorexia.46 Both studies also 
aimed to reduce symptoms in digestive disorders but with different 
target causes. The docking score of hesperidin in both studies was 
also better than the control compound. This suggests that hesperidin 
binds more easily to drug targets. Molecular docking of curcumin 
in the Eaph1 and Eaph2 virulence systems of Staphylococcus aureus 
also yielded the best values.47 Curcumin also provides the best results 
when molecular docking is done on β-Lactamase, Penicillin Binding 
Protein 2a (PBP2a), Dihydrofolate Reductase (DHFR), including DNA 
gyrase.48 Both studies were also carried out by molecular docking to 
obtain the potential of various compounds as antibacterial but with 
different bacterial targets. Nevertheless, curcumin still has the best 
docking score. The docking score of curcumin on DNA gyrase is also 
best even in different bacteria. These results show that curcumin has 
great potential as an antibacterial. The results of molecular docking 
in this study have shown that hesperidin and curcumin have scope to 
replace commercial drugs for H. pylori. Moldock scores that are more 
negative on curcumin and hesperidin make both compounds interact 
and bind more easily with gyrA and gyrB.49

Curcumin and ethyl para-methoxycinnamate meet all drug similarity 
requirements. This has been proven through screening based on the 
principles of Muegge, Egan, Veber, Lipinski, and Ghose who passed 
both. Effective and reliable virtual screening through the Curcumin 
Chalcone Derivatives Database (CCDD) shows that curcumin is 
indeed viable as a medicine.50 Another study mentioned Curcumin 
also meets the drug requirements for antibacterial discovery in silico 
as an inhibitor of the AcrB protein that carries the gene efflux pump 
inhibitor E. coli.51 Curcumin also meets the drug requirements to 
obtain antibacterial Staphylococcus aureus.48 Both studies also used 
the same software, SwissADME.37 The advantage of this study is that 
we used all categories of drug requirements criteria, not only using 
Lipinski requirements to make the results more valid and reliable.52-53 
Research on ethyl para-methoxycinnamate through in silico assays 
to date has never existed. This research provides a discourse that 
can be used in conducting ethyl para-methoxycinnamate studies in 
silico. Ethyl para-methoxycinnamate from Kaempferia galanga L. 
(Zingiberaceae) as one of the rich biodiversity of Indonesia and Asia 
still has many opportunities to be used as a medicinal compound.54 
Thus, it is clear that in terms of drug similarity curcumin and ethyl 
para-methoxycinnamate have potential as a drug. 
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Curcumin and hesperidin are expected to last longer in the stomach so 
that they will have longer interactions with H. pylori as a therapeutic 
target bacterium. This can be seen in the results of ADMET predictions 
that hesperidin is poorly absorbed and can accumulate in tissues, 
allowing for more significant interactions with H. pylori in the digestive 
mucosa.55 This condition can be attributed to the relatively larger 
size and molecular weight of hesperidin, regardless of its chemical 
structure.56 Other studies have shown that hesperidin is also more 
difficult to absorb through digestion. However, this cannot exclude 
hesperidin as one of the compounds that have the potential to be 
antibacterial.57 Several other studies have also shown that ADMET 
predictive curcumin still meets the requirements as a drug. Many 
studies are done to explore various functions of curcumin on various 
therapeutic targets including antibacterial.58 Various studies were also 
conducted in silico, one of which was predicting ADMET. Thus, it is 
clear that both curcumin and hesperidin through ADMET prediction 
will be able to interact for a long time with H. pylori and do not cause 
toxic effects for humans so they can be used as anti-H. pylori. 

The results of this study have obtained a three-dimensional structural 
picture of the gyrA and gyrB of H. pylori specifically of the Indonesian 
strain. The discovery of this three-dimensional structure is very necessary 
for efforts to obtain the antibacterial potential of the Indonesian strain 
more precisely.19 DNA gyrase structures (Topoisomerase II and IV) 
are widely available on database provider sites, but H. pylori data are 
sparse.59 Further research can use the three-dimensional structure of 
DNA gyrase that has been formed. Research to obtain the potential of 
various antibacterials can also use the obtained structure. The three-
dimensional structure of H. pylori DNA gyrase from different parts of 
the world is likely to be similar so it can also be used for various studies 
including drug discovery. 

The results of this study are still a study in silico test of various 
compounds produced from Indonesian biodiversity plants that have 
the potential to be anti-H. pylori. Further research through in vitro and 
in vivo studies can be carried out based on the results of this in silico 
study.60 Through in silico research, it is hoped that new antibacterial 
discoveries through binding mechanisms to fluoroquinolone receptors 
can be more quickly and easily obtained.61 The position of compounds 
on amino acid residues also needs further study to better understand 
their relationship with antibacterial resistance. Thus efforts to obtain 
drugs can be more efficient through initial studies in silico. 

CONCLUSION
All compounds can qualify for oral administration of the drug 
(ADMET). Curcumin and ethyl para-methoxycinnamate meet drug 
similarity requirements. The three-dimensional structure of the 
Indonesian strain of H. pylori has been obtained. Such structures 
have been used in molecular docking to obtain compounds that have 
potential anti-H. pylori. Moldock scored curcumin and hesperidin 
better than levofloxacin. Hesperidin does not meet the requirements 
for drug similarity. Moldock score ethyl para-methoxycinnamate 
higher than levofloxacin. From all these processes, it can be concluded 
that curcumin has the most potential as an anti-H. pylori. 
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