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Abstract

Gastritis remains a highly prevalent health concern in
Indonesia, underscoring a continuous demand for innovative
therapeutic interventions. The flower of Abelmoschus manihot,
commonly known as Gedj, has garnered interest for its potential
antigastritis properties, specifically as an H> antagonist,

attributed to its rich flavonoid content. This study aimed to
rigorously evaluate the H, antagonist potential of A. manihot
flowers using an in silico approach. Our research methodology
involved assessing the physicochemical and pharmacokinetic
profiles, alongside molecular docking simulations, of ten
prominent flavonoid ligands identified in A. manihot flowers:
quercetin, myricetin, myricetin-3-O-glucoside, myricetin-3'-O-
glucoside, quercetin-3'-O-glucoside, hibifolin, isoquercetin,
hyperoside, quercetin-3-O-robinobioside, and rutin. The
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ADMET predictions. Molecular docking simulations focused on
evaluating binding energies and interactions with crucial H»
receptor residues: Asp98, Aspl86, Val99, and Phe254. Among
the ligands being assessed, quercetin demonstrated the most
favorable physicochemical-pharmacokinetic characteristics and
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+62431820300 exhibited superior binding affinities and interactions in the
molecular docking analysis. These findings collectively suggest
that A. manihot flower holds significant promise as a natural
source for antigastritis agents, specifically through its potential

R H» a'ntagonist activity, with quercetin emerging as a key

Abelmoschus manihot contributing compound.
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INTRODUCTION

Gastritis, an inflammatory condition of the stomach lining, is a highly prevalent gastrointestinal disorder. The World Health
Organization's (WHO) 2023 World Health Statistics report estimates that approximately 10% of the global population has
experienced this condition at some point in their lives!. In Southeast Asia, Indonesia faces a particularly high prevalence rate
of around 40.8%, highlighting a significant public health burden and the importance of continued development of
traditional remedies using natural ingredients®.

The Gedi (Abelmoschus manihot L.) plant is a notable species in Indonesia with a long history of empirical use for various
ailments. Specifically, the leaves have been traditionally used by communities in North Sulawesi to treat ulcers®. Beyond the
leaves, the plant's flowers have also shown promising antigastritis activity in in vivo studies, demonstrating their ability to
prevent acid reflux®. This therapeutic effect is linked to the flowers' rich phytochemical composition, which is abundant in
flavonoids such as quercetin, myricetin, hyperoside, and hibifolin. Quantitatively, hyperoside and hibifolin are the most
prevalent flavonoids, with concentrations of 33,986.66 pg/ g and 10,006.27 pg/ g, respectively?. These flavonoids are known
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to possess gastroprotective properties and are thought to inhibit gastric acid secretion, with some acting similarly to H»
receptor antagonists®’.

To further investigate the therapeutic potential of A. manihot flowers, this study employs an in silico approach, specifically
molecular docking. This computational method allows for the analysis of chemical interactions between the plant's
compounds and the histamine H» receptor. The Ha receptor is a highly effective target for anti-ulcer drug development due
toits selective action on gastric parietal cells, which makes it a more precise and consistent target compared to the less specific
M; and CCK-B receptors®. Furthermore, inhibiting the H» receptor typically results in fewer side effects than inhibiting the
widely distributed M3 receptors. This clinical and pharmacological advantage solidifies the H> receptor's status as a key
target for anti-ulcer drug candidates’. The continued use of the H» receptor as a primary target in recent studies'’, along with
the enduring relevance of molecular docking as a computational method for drug research, supports our methodological
choice. Thus, by utilizing molecular docking, this study aims to assess the potential of A. manihot flowers as a natural source
for gastritis treatment.

MATERIALS AND METHODS

Materials

This study utilized both receptor and ligand files for molecular docking analysis. The histamine H receptor protein structure
was sourced from the Research Collaboratory for Structural Bioinformatics Protein Data Bank (RCSB PDB), with the specific
entry identified as PDB: 7UL3. As a positive control ligand, ranitidine (CID: 3001055) was obtained from the PubChem
database. The nine test ligands—quercetin (CID: 5280343), myricetin (CID: 5281672), myricetin 3-O-glucoside (CID:
5318606), myricetin 3"-O-glucoside (CID: 12302392), quercetin 3'-O-glucoside (CID: 5748594), hibifolin (CID: 5490334),
isoquercetin (CID: 5280804), hyperoside (CID: 5281643), quercetin-3-O-robinobioside (CID: 10371536), and rutin (CID:
5280805) —were also acquired from the PubChem database.

Methods

Preparation of protein and ligands

To prepare for the molecular docking simulation, both the receptor and ligand structures were pre-processed. The H>
receptor protein was obtained as a PDB file from the RCSB PDB database. Its native ligand was then separated from the
receptor using BIOVIA Discovery Studio, and the cleaned receptor was saved in PDB format for subsequent use. The control
ligand, ranitidine, along with the 10 test ligands, was downloaded from PubChem as 3D structures in SDF file format. All
ligand files were converted to PDB format using the Open Babel program.

For the docking process, all molecules—the prepared receptor, its native ligand, the control ligand, and the test ligands —
underwent a crucial pretreatment step in AutoDockTools. During this step, charges and hydrogen atoms were added to
each molecule to ensure accurate interaction modeling. Finally, all pretreated molecules were saved in PDBQT format,
which is the required input format for AutoDock. This meticulous preparation of both the receptor and ligands was essential
for the integrity and reliability of the molecular docking simulations.

Analysis of physicochemical and pharmacokinetic properties

The physicochemical properties, ADMET (absorption, distribution, metabolism, excretion, and toxicity) of the test ligands
were analyzed using established computational tools. Lipinski's rule of five and other key physicochemical properties were
evaluated with the SwissADME web server. ADME and toxicity profiles were assessed using the pkCSM online platform.
For both analyses, the SMILES (Simplified Molecular-Input Line-Entry System) notation for each compound was required.
These SMILES strings were generated by converting the corresponding PDB files of the ligands using the OpenBabel
program. This integrated approach allowed for a comprehensive in silico prediction of the compounds' drug-likeness,
biocavailability, and safety profiles'.

Molecular docking

Molecular docking was performed using the GNINA software to evaluate the binding affinity of the test ligands to the
histamine H» receptor. All molecular structures, including the receptor (PDB: 7UL3), the native ligand, the positive control
ligand (ranitidine), and the nine test ligands, were uploaded to the GNINA platform. First, the native ligand was redocked
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into the receptor's active site to validate the docking protocol. A grid box was manually defined around the binding site, and
its dimensions were optimized until a root-mean-square deviation (RMSD) value of less than 2 A was achieved, indicating
areliable and reproducible docking pose. Once the optimal grid box was established, molecular docking was performed for
the positive control and all test ligands.

The docking results, in the form of SDF files, were then downloaded and analyzed using BIOVIA Discovery Studio. The
best molecular pose for each ligand was selected based on the lowest binding affinity, signifying the strongest predicted
interaction with the receptor. Each of these optimal poses was then saved in PDB format, resulting in a total of 12 molecules
(one native, one control, and ten test ligands). Finally, the interactions between the ligands and the receptor were visualized
using BIOVIA Discovery Studio to provide a detailed understanding of the binding mechanisms.

Data analysis

The physicochemical properties of the ligands were analyzed using the SwissADME web server, with results assessed based
on Lipinski's rule of five criteria. Pharmacokinetic properties were evaluated using both the SwissADME and pkCSM
platforms, considering parameters such as absorption, distribution, metabolism, and excretion. The molecular docking
results were analyzed by two primary criteria: binding energy and key amino acid interactions. To be considered a
promising candidate, a ligand was required to have the lowest possible binding energy and form interactions with critical
amino acid residues, specifically Asp98, Asp186, Val99, and Phe254, as identified in a previous study?2.

RESULTS AND DISCUSSION

The physicochemical properties of the ligands were evaluated for their adherence to Lipinski's rule of five, and the results
are presented in Table I. This rule is a widely used guideline for assessing the oral bioavailability and drug-likeness of a
compound based on its structural characteristics'. For this study, the SwissADME online tool was used, which specifies that
a compound must satisfy at least three of the four core criteria to be considered compliant®. These criteria are molecular
weight, logP, hydrogen bond donors, and hydrogen bond acceptors. A supplementary criterion, topological polar surface
area or TPSA, also contributes to the assessment of a drug candidate's optimal bioavailability’>. Our analysis revealed that
of the ten ligands tested, only quercetin and myricetin met the criteria for Lipinski's rule of five compliance. Although
myricetin did not meet the recommended TPSA threshold, it is still considered to be Lipinski's rule of five-compliant, as
drug bioavailability is a complex property influenced by a multitude of ADMET factors beyond TPSA alone. The
compliance of these two compounds suggests their potential for oral bioavailability and highlights their suitability as
candidates for further in vivo and clinical investigation.

TableI.  Lipinski's rule of five on test ligands.
Parameters Standard  Quercetin  Myricetin 1(\)4_};11:::;;&; M}igrll:li:)l:ige-o- Qu;;:::;ge-o-
Mol. Weight (g/mol) <500 302.24 318.24 480.38 480.38 464.38
H-bond donor <5 5 6 9 9 8
H-bond acceptor <10 7 8 13 13 12
LogP <4.15 -0.56 -1.08 -3.07 -3.07 -2.59
TPSA (A) <140 131.36 151.59 230.74 230.74 210.51
Interpretation v v X X X
Parameters Standard  Hibifolin  Isoquercetin Hyperoside Que.rcetl‘n 3._ 0- Rutin
robinobioside
Mol. Weight (g/mol) <500 494.36 464.38 464.38 610.52 610.52
H-bond donor <5 9 8 8 10 10
H-bond acceptor <10 13 12 12 16 16
LogP <4.15 -3.08 -2.59 -2.59 -3.89 -3.89
TPSA (A) <140 247.81 210.51 210.51 269.43 269.43
Interpretation X X X X X

Note: v' = fulfill; X = Not fulfill
Pharmacokinetic analysis is essential for evaluating a compound's potential to become a safe and effective medicine. This

analysis, encompassing absorption, distribution, metabolism, elimination, and toxicity, is summarized for the tested ligands
in Table II. Regarding absorption, key metrics include LogS, gastrointestinal absorption (GI absorption), and P-glycoprotein
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(P-gp) substrate status. LogS, which measures a compound's water solubility, is particularly important for drugs intended
for the water-rich gastrointestinal environment’. High GI absorption indicates a compound's likelihood of being well-
absorbed by the body?6, while P-gp substrate status suggests that the compound may be rapidly eliminated by this efflux
pump?’. Based on these criteria, the ligands were ranked in descending order of favorability: ranitidine, quercetin, myricetin,
followed by the group of isoquercetin, hyperoside, and quercetin 3'-O-glucoside, then myricetin 3-O-glucoside and
myricetin 3-O-glucoside, and finally quercetin-3-O-robinobioside, rutin, and hibifolin.

For distribution, the volume of distribution and the fraction unbound were assessed. The volume of distribution indicates
the extent to which a drug is distributed into tissues'®, while the fraction unbound represents the portion of the drug available
to exert its pharmacological effect’®. The ranking for distribution was determined by comparing the values to those of the
control ligand, ranitidine, with the best-performing ligands being myricetin 3-O-glucoside, quercetin, ranitidine, myricetin
3-O-glucoside, quercetin  3-O-glucoside, myricetin, hibifolin, isoquercetin/hyperoside, and quercetin-3-O-
robinobioside/rutin.

The metabolism of the compounds was primarily evaluated by their interaction with cytochrome P450 (CYP) enzymes,
particularly those in the CYP1-3 family, which are responsible for metabolizing most drugs®?. While inhibiting these
enzymes can increase a drug's concentration and duration of action, it can also lead to toxicity?.. Therefore, a balanced
approach is needed. In this analysis, all ligands were deemed acceptable, with most test ligands showing no inhibitory effect
on CYP enzymes, similar to ranitidine. Quercetin and myricetin, however, were found to inhibit several P450 enzymes. This
inhibitory effect may be beneficial, as it could slow their metabolism, prolonging the activity of the small fraction of free
drugs in the tissue.

In terms of elimination, we examined renal OCT?2 substrate status, which relates to the clearance of cationic drugs?, and
total clearance, an indicator of a compound's elimination efficiency?. The optimal total clearance value was determined by
comparing it with the reference value for H, antagonists. The most favorable ligands in this category were: ranitidine,
isoquercetin/hyperoside, myricetin, hibifolin, quercetin, quercetin-3-O-robinobioside/rutin, myricetin-3-O-glucoside,
myricetin-3-O-glucoside, and quercetin-3-O-glucoside.

Finally, the toxicity of the ligands was assessed by evaluating their potential for mutagenicity (Ames toxicity), hepatotoxicity,
and hERG inhibition. The hERG gene is critical for heart function, and its inhibition can lead to fatal cardiac arrhythmias?.
In this analysis, the safest ligands were found to be quercetin, myricetin, and hibifolin, which demonstrated a low risk of
toxicity across the criteria assessed. Overall, these pharmacokinetic and toxicity profiles, when combined with the
physicochemical properties and molecular docking results, provide a comprehensive assessment of the ligands' potential as
drug candidates.

Molecular docking was performed on all native, control, and test ligands. To ensure the reliability of the docking method, a
redocking validation was conducted by re-docking the native ligand to the receptor, as shown in Figure 1. This procedure
validates the appropriateness of the chosen binding site by calculating RMSD value?®. A low RMSD value, specifically one
less than 2 A, indicates that the docking method is of high quality and that the predicted binding pose closely matches the
experimentally determined one?.

The validation yielded an RMSD value of 1.67933 A, which is well below the 2 A threshold. This confirms the good quality
and reliability of our molecular docking methodology. The optimal grid box parameters that produced this result were
centered at coordinates x = 159.095, y = 164.736, and z = 200.326, with dimensions of x = 12, y = 10, and z = 6. Following
validation, the binding interactions of the control and test ligands with the receptor were visualized using BIOVIA Discovery
Studio, as presented in Figure 2.

The molecular interactions between ligands and the H» receptor are governed by a combination of non-covalent forces,
including van der Waals, hydrogen bonds, r-system interactions, and hydrophobic bonds. Key amino acid residues critical
for binding were identified as Asp98, Aspl86, Val99, and Phe254. Asp98 serves as a primary binding residue, Asp186
provides stabilization to the binding complex, and Val99 and Phe254 mediate strong hydrophobic interactions. In the native
ligand, a conventional hydrogen bond forms with Asp98, while Asp186 interacts via van der Waals forces, and Val99 binds
through a n-alkyl bond?. Ranitidine, a control ligand, demonstrates distinct binding patterns. Its interaction with Asp98 is
through a carbon-hydrogen bond, a type of covalent hydrogen bond. The interaction with Asp186 is mediated by weak van
der Waals forces. Interestingly, while ranitidine interacts with Val99 and Phe254, these interactions are not classified as
hydrophobic?.
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Table II. ADMET properties analysis.

Ligands
1 1 1 1 9
g s = 29 29 %y = £ ¥ 3%
Parameters e il il g% S8 £8 © = ) £g &
£ 5 §S §¢ ©¢g E 3 5§ T2 =
g ) 58 S8 93 g3 =2 & & © g &
& o = Ew E® gw T 2 oz g2
= = o] = o8
Absorption
LogS! 217 391 -396 -441 -441 435 501 -435 -435 -487 -487
GI absorption! High High Low Low Low Low Low Low Low Low Low
P-gp substrate! Yes No No No No No Yes No No Yes Yes
Distribution
Volume of distribution at steady state 149 167 131 154 177 178 108 048 048 046 046
(VDss; L/kg)?
Fraction unbound? 0.705 0.061 0.053 0.265 0.279 0.238 0.273 0.143 0.143 0274 0.274
Metabolism
CYP1A2 inhibitor! No Yes Yes No No No No No No No No
CYP2C19 inhibitor? No No No No No No No No No No No
CYP2C9 inhibitor? No No No No No No No No No No No
CYP2D6 inhibitor! No Yes No No No No No No No No No
CYP3A4 inhibitor! No Yes Yes No No No No No No No No
Elimination/excretion
Renal OCT?2 subtrate? No No No No No No No No No No No
Total clearance (log mL/min/kg)? 7.09 4.6 412 041 045 039 411 547 547 108 1.08
Toxicity
Ames toxicity? No No No No No No No Yes Yes Yes Yes
Hepatotoxicity? No No No No No No No No No No No
hERG I inhibitor? No No No No No No No No No No No
hERG II inhibitor? No No No Yes Yes Yes No Yes Yes Yes Yes

Note: 1 SwissADME; 2 pkCSM.

Among the test ligands, interactions with Asp98 were mediated by three types of bonds: hydrogen bonds, electrostatic
bonds, and, in one case, an unfavorable steric bump. The strongest interactions with Asp98 were observed for quercetin 3'-
O-glucoside and hyperoside, both forming two hydrogen bonds (conventional and carbon-hydrogen). Unlike covalent
carbon-hydrogen bonds, conventional hydrogen bonds are non-covalent but are considered strong due to the high
electronegativity of the participating atoms?. The electrostatic interaction, a r-anion bond, was also observed with Asp98.
This non-covalent bond, formed between an electron-rich r-system and an anion, is generally weaker than a conventional
hydrogen bond*. Notably, quercetin-3-O-robinobioside exhibited an unfavorable steric bump interaction, which can hinder
the compound's optimal binding conformation®. At residue Asp186, most test ligands interacted via van der Waals forces.
However, rutin formed a conventional hydrogen bond, making its interaction the strongest with this residue, while
hibifolin's r-anion interaction made it the second strongest.

All test ligands, with the exception of quercetin-3-O-robinobioside, formed hydrophobic bonds with both Val99 and Phe254.
These interactions included a variety of m-system-related bonds, such as m-alkyl, r-sigma, r-11 stacked, and 11 T-shaped
interactions. Since these are all non-covalent and involve 1-systems, their individual bond strengths are considered
comparable?. Therefore, the overall strength of hydrophobic binding is determined by the number of interactions. The
binding affinities and specific interactions of the ligands are detailed in Table IIL

Figure 1. Visualization of the native ligand before (blue) and after (orange) redocking.
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Figure 2. 3D (left) and 2D (right) visualization of (a) native ligand, (b) ranitidine, (c) quercetin, (d) myricetin, (e) quercetin 3"-O-glucoside, (f) myricetin 3-O-
glucoside, (g) myricetin 3'-O-glucoside, (h) hibifolin, (i) isoquercetin, (j) hyperoside, (k) quercetin 3-O-robinobioside, (I) rutin, and Ho receptors.
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Table III. Ligand binding affinity and key residues.

Binding
Ligands affinity Asp98 (A) Asp186 (A) Val99 (A) Phe254 (A)
(kcal/mol)
Native ligand -6.82 [1] 2.82; [11] 5.00 [5] [6] 417 -
Ranitidine -6.22 [2] 2.76; 2.62; 2.14 [5] - -
Quercetin -6.92 [3]2.85 [5] [6] 4.24; 4.87 -
Myricetin -5.44 [3]4.61 [5] [6] 4.40; 5.07 [6] 5.22; [8] 5.40
Myricetin 3-O-glucoside -2.23 [2]2.18;[3]3.13 [5] [6] 4.50 [8]4.83
Myricetin 3’-O-glucoside -53 [3]2.95 [5] [2] 2.18; [6] 4.55; [8] 5.16; [9] 2.59
5.12
Hibifolin -10.47 [1]1.58; [2] 2.17; 2.46; 2.90; [3] 3.61 [5] [6] 4.57 [8]4.79
Isoquercetin -4.81 [1]2.42;2.50; 2.87; [2] 1.90 [3]3.14 [6]4.29; [7] 2.65 [10]4.37; 5.74
Hyperoside -2.86 [2] 2.21; [3] 2.95 [5] [6] 4.29;5.14 [8] 5.03
Quercetin 3’-O-glucoside -1.49 [1]2.99; [2] 1.83; 2.62; [3] 3.68 [5] [6] 4.42; [7] 2.92 [8]5.76
Quercetin 3-O-robinobioside -4.89 [4] 1.58 [5] [7]2.61 -
Rutin -2.46 [2] 2.34;2.60 [1]2.21 [6] 4.33; [7] 2.61 [8] 5.22

Note: [1] conventional hydrogen; [2] carbon-hydrogen.; [3] r-anion; [4] steric bump; [5] van der waals; [6] r-alkyl; [7] r-sigma; [8] r-11 t-shaped; [9] -donor-
hydrogen; [10] re11 stacked; [11] attractive charge.

The initial evaluation of the molecular docking results is primarily based on the binding affinity value. A lower binding
affinity indicates that more energy is released upon forming the bond, which, in turn, suggests that a greater amount of
energy is required to break it. This strong bond signifies a more stable and favorable interaction between the ligand and the
receptor®. Following this, the specific types of bonds formed are examined, as each bond type possesses a different
interaction strength. Finally, the bond distance and the number of interactions are assessed to provide a more detailed
understanding of the binding quality. A shorter bond distance generally correlates with a stronger bond®. Similarly, a
greater number of interactions, assuming the same bond type, indicates a stronger and more comprehensive binding to the
receptor®. For instance, if a ligand like quercetin forms multiple interactions, such as two m-alkyl interactions with a residue
like Val199, this multiplicity suggests a more robust and stable complex®.

Based on the physicochemical and pharmacokinetic analyses in Tables I and II, and the molecular docking results in Table
III, a comprehensive summary is provided in Table IV, leading to the conclusion that quercetin and myricetin are the most
potent ligands as Ha receptor antagonists. Between the two, quercetin stands out as the most promising candidate due to its
favorable physicochemical and pharmacokinetic profile, combined with a superior binding affinity that is lower than the
positive control. Quercetin and myricetin both form crucial interactions with key residues in the H, receptor binding site;
however, it's worth noting that quercetin exhibits a unique interaction by binding to the hydrophobic residue Val99. Other
ligands tested were deemed less suitable, primarily because they failed to meet the necessary Lipinski’s rule of five criteria
and demonstrated lower binding affinities compared to the positive control. For instance, while quercetin-O-glucoside had
the lowest affinity, it was disqualified as a potential drug candidate due to its unfavorable physicochemical properties and
predicted toxicity. Despite its relatively low concentration in A. manihot flowers, ranking tenth among the flavonoids at
approximately 185.95 pg/g® quercetin's superior physicochemical-pharmacokinetic properties and strong molecular
potential as an Hj receptor antagonist highlight its therapeutic significance. The findings from this i silico study provide a
robust foundation for further pharmacological investigations into the potential of A. manihot flowers as a natural source for
anti-ulcer treatments.

Table IV. Analysis summary.

Ligands Lipinski’s ADMET Molecular
rule of five  Absorption  Distribution Metabolism Elimination Toxicity docking
Ranitidine Yes st 3rd Good st Non-toxic 4th
Quercetin Yes 2nd 2nd Good 5th Non-toxic 3rd
Myricetin Yes 3rd 6th Good 3rd Non-toxic 6th
Myricetin 3-O-glucoside No 5th st Good 8th Toxic 10th
Myricetin 3’-O-glucoside No 5th 4th Good 7th Toxic 9th
Hibifolin No 7th 7th Good 4th Non-toxic 2nd
Isoquercetin No 4th 8th Good 2nd Toxic 8th
Hyperoside No 4th 8th Good 2nd Toxic 7th
Quercetin 3’-O-glucoside No 4th 5th Good 9th Toxic 1st
Quercetin 3-O-robinobioside No 6th 9th Good 6th Toxic 11th
Rutin No 6th 9th Good 6th Toxic 5th

Note: The serial number indicates the order of the best ligands in each criterion; the smaller the number, the better the test ligand.
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CONCLUSION

Based on the i1 silico analysis, quercetin emerges as the most promising flavonoid compound from A. manihot flowers for its
potential H> receptor antagonist activity. This conclusion is supported by several key findings: quercetin meets the necessary
physicochemical and pharmacokinetic criteria, suggesting good oral bioavailability. Furthermore, it exhibits a strong
binding affinity to the H receptor, with a docking score of -6.92 kcal/mol, which is superior to both the native ranitidine
ligand (-6.82 kecal/mol) and the ranitidine control ligand (-6.22 kcal/mol). The compound also forms crucial interactions
with key amino acid residues known to be vital for Hy receptor antagonism. Although the quantitative content of quercetin
in the plant may be relatively low, these findings collectively indicate that the potential of A. manihot flowers as an anti-
gastritis agent is significant and warrants further investigation. Therefore, this study provides a strong rationale for exploring
the therapeutic use of A. manihot flowers as a natural source of Hy receptor antagonists.
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