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	Menopause is the period when the reproductive system stops producing estrogen and progesterone. This condition can cause various changes, including vaginal atrophy. Structural changes can occur because cytoskeletal proteins (actin) and junction cells (claudin-1) that regulate permeability undergo changes that cause thinning of the epithelium in the vagina which will lead to reduced vaginal elasticity. This study aimed to predict the activity of anthocyanin and genistein compounds with claudin-1 and Actin receptors in silico. This research was conducted using Autodock Vina software supported by the Vega ZZ, Pymol, and BIOVIA Discovery Studio programs to create visual profiles of Claudin-1 and Actin ligand proteins used as comparisons with Anthocyanin and Genistein test compounds, as well as pharmacokinetic predictions using pkCSM. The results of the post-docking analysis in the form of binding affinity for amino acid interactions and pharmacokinetics using anthocyanin and genistein compounds showed the largest binding affinity for Anthocyanin compounds with a Gbinding score of -6.81 kcal / mol (72.60%) close to estrogen’s Gbinding score of -9.33 kcal/mol. The RMSD value of claudin-1 was 1.43 Å. This means that the claudin-1 protein has the right interaction between the original ligand and the test ligand. The results of the study have the potential to recommend nutraceuticals for drug discovery using natural ingredients containing anthocyanin and genistein compounds which can overcome complaints of vaginal elasticity in menopause. Further research can be done in vitro and in vivo to investigate these compounds clinically..
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Introduction 
Menopause is a period of permanent cessation of menstruation due to the loss of ovarian function in producing reproductive hormones. Reduced production of estrogen and progesterone hormones is the reason for various complaints, such as hot flashes, night sweats, urogenital symptoms, and psychogenic symptoms including, anxiety, depression, sleep disorders, loss of concentration, and self-confidence.1 Urogenital symptoms are mostly felt during menopause. Vaginal atrophy caused by low estrogen levels during menopause leads to this condition. Complaints are commonly in the forms of burning, irritation, pain during sexual intercourse (dyspareunia), and susceptibility to infection. 2,3
Hormone therapy is becoming one of the most effective treatments for menopausal symptoms. Hormone replacement therapy is effective in replacing the hormone estrogen and relieving menopausal symptoms. However, synthetic hormone therapy is expensive, and its long-term use increases the risk of breast cancer, endometrial cancer, cardiovascular disease, and other side effects.4,5  
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Alternative therapies that are currently being developed aim to address menopausal symptoms by using plants that contain flavonoids. Flavonoids contain polyphenol group compounds that have many benefits as nutritional modulators of disease control and health supplements. Flavonoid compounds can ward off free radicals, and a decrease in estrogen levels due to menopause. Flavonoid compounds can exert phytoestrogenic activity by binding to estrogen receptors.6,7  Anthocyanins and genistein are one of the flavonoid classes that have a structure similar to estrogen and have the activity as phytoestrogens. Phytoestrogen compounds can exert their activity by binding to α estrogen receptors (ER-α) and β estrogen receptors (ER-β).8, 9 ,10 In addition, these two bioactive compounds have antioxidant, anti-inflammatory, and antineoplastic properties. For example, the blossom of the banana which is underutilized and considered waste, contains minerals, fatty acids, vitamins A, C, and E, potassium, and active compounds such as alkaloids, flavonoids, saponins, and tannins as a source of antioxidants, as well as many phytochemicals to improve health. 11,12
The hypoestrogen condition produces changes in cell morphology and extracellular matrix in the vaginal wall in the form of atrophy, dystrophy of the mucosa, vulva, and urogenital tract.13 Globular actin resides in the cytoplasm as the cytoskeleton shows in the form of parallel filaments or filamentous tissue. Globular actin determines cell rigidity in response to a stimulus and allows cell exchanges for the maintenance of cell bonds. Tight junction networks of transmembrane proteins such as occludin, claudin, and adhesion junction molecules contribute to regulating tight connection permeability.14,15 Estrogen plays a role in modulating epithelial permeability in the vagina by loosening the junctions. In addition, estrogen can increase protein regulation at tight junctions. Thus, the administration of estrogen in hypoestrogenic conditions can help increase elasticity in the vagina.16
The extensive development of nutraceuticals suggests the use of natural ingredients as treatment and hormone replacement therapy for menopause. This serves as the basis for the development of nutritional products to overcome the discomfort of menopause. The development of this treatment could lead to hormone replacement using safer and more affordable natural ingredients. 
Research for drug discovery of herbal compounds and their potential applications can be done through computational modeling. Molecular docking is a computational method that predicts the binding of ligands to receptors for the discovery and development of drugs from natural materials.17 Computational modeling can increase efficiency, reduce errors, and save material and time. Computational approaches are also accelerating drug discovery with modern scientific methodology.18,19,20 Using computational approaches, this study, therefore, was conducted to investigate the potential interaction of bioactive compounds found in banana blossom extract, namely anthocyanin, genistein, claudin-1, and actin through an in silico approach for menopause therapy.
 
Materials and Methods
This study used Asus i5 laptop and AutoDock4 Tools (v1.5.6) from Molecular Graphics Laboratory, The Scripps Research Institute for receptor preparation, and docking validation. Banana bracts' active compounds and their ligand structures were tested using the Vega ZZ (version vega 3.0, Istituto di Chimica Farmaceutica e Tossicologica "Pietro Pratesi", Università degli Studi di Milano) application which was downloaded from the PubChem website (https://pubchem.ncbi.nlm.nih.gov/). Datasets of claudin-1 target protein structure PDB ID: 5M3D, https://doi.org/10.2210/pdb5M3D/pdb, and Actin PD protein ID: 2PBD, PDB DOI: https://doi.org/10.2210/pdb2PBD were downloaded from www.rcsb.org. The docked results combined with claudin-1 and actin proteins were then visualized using the BIOVIA Discovery Studio. The swissADME program was accessed via (http://www.swissadme.ch.Specialist). Last but not least, the toxicity prediction was done using web pkCSM (http://structure.bioc.cam.ac.uk/pkcsm).
 
Preparation of Protein and Ligands
Proteins (Claudin 1 and actin) were visualized using the Biovia DS Visualizer app. The production of claudin-1 and actin proteins involves the separation of proteins from initial ligands and receptor residues, followed by the storage of all files. The preparation was carried out by optimizing the 3-dimensional structure of anthocyanin and genistein compounds using the Vega ZZ application by entering SMILES. Any compound obtained from the PubChem (http://pubchem.ncbi.nlm.nih.gov) database was stored in PDB format and converted to pdbqt using the Autodock tool. 
 
Docking Parameter Validation
AutoDock Tools software (v1.5.6) was used to validate this study. The validation process involves redocking the original ligands of claudin-1 protein (PDB ID:5M3D) and actin protein (PDB:2PDB). The procedure resulted in grid parameters and RMSD (Root Mean Square Deviation) values. RMSD is a measure of the average distance value that relates to the size of the docking zone. The smaller the RMSD value (< 2 Å) obtained, the closer the docking pose to the crystallographic ligand pose. The grid box arrangement of the docking process could determine the binding of the ligand’s chamber. Grid box calculations were run based on ligands attached to protein macromolecules during the download process. 21 
 
Molecular Docking 
The molecular tethering process was carried out using AutoDock Vina 1.5.6 software.22 Appropriately prepared receptor and ligand files were saved in PDBQT format and the same folder, in particular, the vina folder located inside folder C. The molecular tethering process started using "command prompt" (CMD) software, and the government process was executed in the program located in the folder. To derive the docking score and root-mean-square deviation (RMSD) metric from the docking process, the next thing to do was go to the vina .exe-config conf command into Vina's executable configuration file. Then, run the command 'txt-log log.txt' inside the Command Prompt. All documents to be used in the docking process were placed in a common directory.
The claudin-1 and actin proteins in pdbqt format were then transcribed into a new file titled conf.txt, while the ligands were described as ligands. In the given grid box, the given values represent the x, y, and z coordinates and the x, y, and z axis dimensions in pdbqt format, respectively. Root mean square deviation (RMSD) was obtained from the molecular docking procedure by executing the vina command. To proceed with the executable configuration file, run the 'txt-log log' command in the command prompt. The root mean square deviation (RMSD) value for each confirmation was shown < 2 Å.  The docking method was considered valid if it had an RMSD value of < 2 Å. If the RMSD value was > 2 Å, the method used was invalid.23
 
The Visualization of Molecular Docking Data
The Biovia Discovery Studio Visualizer (v20.1) application was utilized to visually represent molecular docking data. To assess the outcomes of linking test compounds to proteins, the molecular docking data were visualized using the 3D Pymol software. This involved examining the bond formed between ligand and protein, thereby enabling the observation of the surface area occupied by the test ligands within the protein. The visualization outcomes were utilized to establish the interactions between compounds and to generate images depicting the docking of proteins with each examined ligand.
 
 
Analysis of Pharmacokinetic and Toxicity 
SwissADME web and pkCSM were used to predict the pharmacokinetic properties and toxicity of anthocyanin and genistein. The results obtained as ADME attributes were described as characteristics of absorption, distribution, metabolism, and excretion. The pharmacokinetic profile of the ligand was predicted based on Lipinsk's rule.24
 
Results and Discussion
Validation of the molecular tethering method was carried out through grid box arrangement in a grid box. This validation process determines the interaction between ligands and amino acids at the specified target protein binding site. The grid box was adjusted to the size of the original ligand and the test compound to ensure that the original ligand and test compound were included in the grid box.25  The grid box settings included the grid size and grid center. The grid box values in this study were x: 5.655, y: -21.952, z: -2.122 with a box size (40x 40x40x). The grid box value was determined based on the position of the standard ligand compound on the claudin-1 protein contained in the Protein Data Bank (PDB) file. In silico research was conducted to determine the binding interaction between anthocyanin compounds, genistein with claudin-1, and actin receptors. The study began with protein and ligand preparation using the BIOVIA DS Visualizer application. The preparation of ligands was carried out by optimizing the 3D structure of anthocyanin and genistein compounds using the Vega ZZ application.
Molecular tethering applications for designing drugs and their affinity to proteins and pkCSM models for pharmacokinetic prediction were used. The result of molecular tethering reflected the strength of affinity binding referred to as the docking score. Based on the results of molecular tethering and interaction of the original ligand, the G-binding scores obtained were -5.78 kcal/ mol (296.41%) from claudin-1 with anthocyanin test ligands and -3.35 kcal/mol (171.79%) from genistein with the test ligand. Results of molecular tethering showed actin test ligands with anthocyanin test ligands had a value of -6.81 kcal / mol (72.60%), and genistein with anthocyanin test ligands had a value of -4.53 kcal/mol (48.29%). The affinity binding score of anthocyanin compounds was close to the estrogen Gbinding score of -6.81 kcal/mol (72.60%) (Table 1). The score indicated that anthocyanin compounds had a binding affinity with estrogen. Anthocyanins belong to the group of flavonoids that have a structure and biosynthetic pathway similar to other groups of flavonoids, namely isoflavones, and flavanones. The flavonoid group has a structure similar to estrogen 17β estradiol which can increase the activity of the hormone estrogen. Phytoestrogen compounds can exert their activity by binding to estrogen receptors α (ER-α) and estrogen receptors β (ER-β). Phytoestrogen are potentially effective for reduce complaints of diseases that arise due to estrogen deficiency.26 
The result of redocking was indicated by the RMSD value. RMSD values were used to see differences in crystallographic binding orientation on the active side of proteins of several poses using the same ligand. The RMSD value was valid if it was < 2 Å.27 In this study, the RMSD value of claudin-1 was 1.43 Å, and that of actin was 2.19 Å. This means that the protein claudin-1 has the right interaction between the original ligand and the test ligand. RMSD values of > 2 indicate large deviations and greater prediction errors of ligand-protein interactions. Thus, ligand-receptor interactions cannot be continued as a reference in silico.28 This study found that the molecular docking estrogen as a standard drug compound showed an RMSD value of 0.001 Å (< 2 Å).
Molecular docking results were visualized to identify interactions between test ligands and target proteins. The interaction of anthocyanin with claudin-1 proteins formed amino acid residues on hydrogen bonds (Table 2) namely Asn172, Cysl175, and non-hydrogen bonds Asn173, Pro176, Ser179, Gly148, Ser177, and Lys148. The interaction of genistein compounds with claudin-1 protein formed amino acid residues on Asn172, Cys175 hydrogen bonds and Lys148, Asn173, Pro176, Ser179, Gly178, and Ser177 hydrogen bonds. While the interaction between actin proteins and anthocyanin compounds formed amino acid residues on hydrogen bonds Ser14, Gly158, and Vall59, and non-hydrogen bonds formed Gly74, Vall59, and Ser14. On the other hand, the interaction of genistein and actin compounds formed amino acid residues on Ser14, Gly158 hydrogen bonds, and Gly74, Sers14 non-hydrogen bonds.
 
Table 1: Results of Molecular Docking between Ambones Banana Bracts and Estrogen and Claudin-1 and Actin Ligand Proteins
 
	Ligand
	Protein
	Compound
	 Gbinding Score (kcal/mol)
	Percentage
	RMSD

	Banana Ambones Bracts
	 
	Original ligand 
	 
	 
	 

	 
	Claudin-1
	Original ligand 
	-1.95
	100%
	1.43 Å

	 
	Anthocyanin
	Test ligand 
	-5.78
	296.41%
	 

	 
	Genistein
	Test ligand
	-3.35
	171.79%
	 

	 
	Actin
	Original ligand 
	-9.38
	100%
	2.19 Å

	 
	Anthocyanin
	Test ligand
	-6.81
	72.60%
	 

	 
	Genistein
	Test ligand
	-4.53
	48.29%
	 

	 
	Estrogen 
	Original ligand
	-9.33
	100%
	0.001 Å


Anthocyanins have a higher Gbinding score than Genistein of -6.81 kcal/mol, close to the estrogen standard of -9.33 kcal/mol, and RMSD values of <2 Å
 
Based on binding affinity and RMSD values of <2, claudin-1 has potential phytoestrogen effects comparable to standard therapy (estrogen). According to Lipinski's rule, good compound candidates for drugs must have a molecular weight of < 500 g/mol, log P smaller than 5, 5 hydrogen donors, and less than 10 hydrogen acceptor bonds.29,30 Based on Lipinski's rule, the prediction results in Table 3 show that Genistein did not meet Lipinski's rule. It is proved that the molecular weight, hydrogen bond donor, hydrogen bond acceptor, and Log P values are 594.52 g/mol, 15.9, and 1.83, respectively. So, in this study, it can be said that Genistein has poor chemical bonds and is not included in the active compound compared to anthocyanin compounds that meet Lipinski's rule. Therefore, this compound is predicted to be classified as a drug candidate for dealing with complaints due to estrogen deficiency.
Based on the prediction of the pharmacokinetic profiles of substance absorption using pkCSM, anthocyanin compounds had good absorption ability (high) with a log Kp value of -5.07. It is predicted that this compound can be considered for new drug development. Predicting the distribution of anthocyanin compounds yields a blood-brain barrier (BBB) result (Yes), suggesting that this compound will readily cross the brain barrier. The blood-brain barrier plays an important role in controlling the entry and exit of substances important for the metabolic activities of the brain and nerves. Therefore, BBB integrity and function are important for maintaining brain microenvironment homeostasis.31 
The metabolic reactions of a compound involve an oxidation process. The processes involve cytochrome P450 which is a detoxification enzyme found in the liver. This enzyme works by oxidizing incoming foreign bodies, including drugs.32 The metabolism of anthocyanin compounds was predicted to be CYP1A2 inhibitors and CYP2D6 inhibitors. In addition, the excretion of anthocyanin test compound indicated good skin permeability as the log Kp value was >-2.5 cm. 
In silico testing which predicts the chemical activity and mutagenicity was carried out using AMES.33 The results of toxicity prediction in banana bracts ethanol extract using AMES (Table 5) showed the possibility of potential mutagen compounds with results (No), hepatotoxicity (No), and skin allergies (No). The toxicity of compounds was carried out with LD50 parameters.  Acute oral toxicity prediction in rats (LD50) aims to define acute toxicity standards to assess the relative toxicity of a compound. LD50 is a lump sum dose of the compound that caused the deaths of 50% of the test animal group. Table 5 shows the toxicity prediction results. It describes an LD50 value of 1.848 mol/kg from anthocyanin compounds, while 2.76 mol/kg from genistein toxicity prediction is the highest dose value that technically can still be given to test animals. The maximum tolerant dose in humans is 0.609 mg/kg/day (Table 5).
 
Conclusion
The compounds from the ethanol extract of the Ambones banana (Musa Acuminta Colla) blossom have a docking score close to estrogen (-9.33 kcal/mol). Results of molecular tethering and interaction of original ligands showed claudin-1’s Gbinding score (kcal/mol) was -1.95 kcal/mol (100%), anthocyanin test ligands’ score was -5.78 kcal/mol (296.41%), and genistein’s score was -3.35 kcal/mol (171.79%). However, from the molecular tethering and interaction, the G-binding score (kcal/mol) was -9.38 kcal/mol (100%) for actin's original ligand, -6.81 kcal/mol (72.60%) for anthocyanin test ligands, and -4.53 kcal/mol (48.29%) for genistein. RMSD values were 1.43 Å for claudin-1 protein and 2.19 Å for action. Anthocyanin and genistein compounds from the ethanol extract of Ambones banana blossom were not toxic. The current research results can be helpful for drug discovery using natural ingredients containing anthocyanin and genistein compounds. Further research can be done in vitro and in vivo to explore these compounds clinically.
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Table 2: Visualizations of Molecular Docking between Ligands in 3D
 
	Claudin-1
	Visualise 3D
	Docking of Molecules and Ligands

	Anthocyanin
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	Genistein
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	Actin 
	 
	 

	Anthocyanin
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	Genistein
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Table 3: Molecular Properties of pkCSM
 
	Compound 
	Formula 
	Molecular Weight (g/mol)
	H-Bond Acceptor < 10
	H-Bond Donors < 5
	Log P < 5

	Anthocyanin
	C15H11O+
	207.25 
	1
	1
	-0.76

	Genistein
	C27H30O15
	594.52
	15
	9
	1.83


Note: Anthocyanins have relative atomic mass value < 500 Da; = Log P value < 5; C = Donor bond H < 5
 
Table 4: Prediction of Pharmacokinetic Characteristics (Absorption, Distribution, Metabolism, and Excretion)
 
	Banana Bracts
	 
	 

	A: Absorption
	GI Absorption
	High

	 
	TPSA
	13.14 Å2

	 
	Bioavailability
	0.55

	D: Distribution
	BBB permeant
	Yes

	 
	P-gp substrate
	Yes

	M: Metabolism
	CYP1A2 inhibitor
	Yes

	 
	CYP2C19 inhibitor
	No

	 
	CYP2C9 inhibitor
	No

	 
	CYP2D6 inhibitor
	Yes

	 
	CYP3A4 inhibitor
	No

	E: Excretion
	Log Kp
	-5.07 cm/s


Prediction of ADME compounds having a high GIA facilitates the absorption process in the digestive tract. Compounds penetrate the brain barrier and are hydrophobic (P-gp substrate), so they can affect the distribution process and bioavailability.
 
Table 5: Toxicity Prediction Results
 
	Model’s Name
	Anthocyanin 
	Genistein 

	AMES toxicity
	No
	No

	Max tolerated doses (human)
	0.44 mg/kg
	0.609 mg/kg

	hERG I inhibitor
	No
	No

	hERG II inhibitor
	No
	Yes

	Acute oral toxicity (LD50) in rats
	1.848 mol/kg
	2.76 mol/kg

	Chronic oral toxicity in rats
	1.118 log mg/kg/bb
	5.68 log mg/kg/bb

	Hepatotoxicity
	No
	No

	Skin sensitisation 
	No
	No

	Minnow toxicity
	0.172 mM
	5.166 log mM


Anthocyanin vs Genistein does not cause toxicity, safe doses in humans are lower, do not inhibit hERG1, oral and renal rat doses Toxicity is higher, does not cause allergies, and hepatotoxicity
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Senyawa IGbinding Interaksi residu Asam Amino
(kkal/mol) £ SD Hidrogen Non Hidrogen

Tigan asl 1950 Aml72,Cys75 | Lysl48, Asnl73, Prol76,
Ser179, Gly178, Ser177
Genistin, 33720017 | Asnl72, CysI75 | Prol76, Serl77, Serl?,
Gly178, Asnl73, Lys178
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