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	Momordica charantia has various biological activities as antihyperglycemic, anti-inflammatory, and antioxidant.  Thisstudy evaluated Momordica charantia fruit extract against the LDH and CKMB serum in rats induced with isoproterenol. We also evaluated the molecular docking of bioactive compounds in Momordica charantia fruit against the SIRT1 protein. Wistar male rats were divided into four groups: negative control (Na-CMC), positive control (Na-CMC and isoproterenol), and resveratrol group at 9 mg/kg b.wt, and Momordica charantia fruit extract at 300 mg/kg b.w with isoproterenol. The interaction between ligand and receptor was evaluated and calculated with molecular docking software. The ligands were docked using the AutoDock Tools - 1.5.7. The binding affinity was calculated using the binding free energy (kcal/mol). The results showed that Momordica charantia fruit extract at 300 mg/kg b.w could attenuate the LDH (49.37%) and CKMB (44.5%) increase in serum after isoproterenol-induced myocardial infarction in rats. Molecular docking of selected compounds from Momordica charantia fruit extract presents that momordicilin has great potential as a SIRT-1 activator with a binding energy of -11.3 kcal/mol. These findings implicate that Momordica charantia fruit extract can be developed further as a potential cardioprotective drug.
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Introduction 
The ischemic condition occurs as a heart attack causes heart function to decrease.1 Atherosclerosis is a triggering factor of heart attacks 2 due to fat accumulation in the arteries and elevated blood clot risk.3 The use of natural products is still widely chosen by the public to treat and prevent cardiovascular disease,4 whereas 80% of them in the world use traditional medicine.3 Momordica charantia as a beneficial natural product has been reported with various biological activities, namely antidiabetic,5 antioxidant,6 several types of cancer disease inhibitor,7 anti-inflammatory,8 and cardiovascular disease preventive properties by reducing cholesterol,9 hypotensive effects 10, and antiplatelet activity.11 Rich phytochemicals in fruit and leaves of Momordica can promote organ health due to its bioactive compounds.8 The fruit contains several secondary metabolites, such as steroidal saponins, glucosides, and alkaloids,12 specifically Momordol, Momordicin I, Momordicilin, and Zeaxhantin.
Sirtuin 1, a protein encoded as the SIRT-1 gene, is referred to as nicotinamide adenine dinucleotide (NAD+) dependent.13 SIRT-1 is located in the nucleus and cytoplasm.14 SIRT1 can protect cells from oxidative stress,15,16 besides decreasing the metabolic abnormalities and neurodegenerative disease as aging-related.17-19
As many beneficial activities have been reported in Momordica charantia, the affinity of the bioactive compounds in Momordica charantia to SIRT1 protein needs further evaluation to discuss.
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This study evaluated the interaction between the bioactive compounds of Momordica charantia fruit against the SIRT1 protein based on the molecular docking and demonstrated whether the administration of the Momordica charantia fruit extract could inhibit the increased serum level as a cardiac biomarker in vivo. A comparative compound, namely resveratrol as a natural antioxidant with cardioprotective effect in rats20 was also applied in this study. 
 
Materials and Methods
Evaluation of serum cardiac biomarkers associated with myocardial infarction in rat
Momordica charantia Extraction
Momordica charantia (MC) fruit samples were obtained from Manoko, Bandung City, West Java in October 2021. Plant sample identification was confirmed by the Herbarium of Plant Taxonomic Laboratory, Department of Biology, Faculty of Mathematics and Natural Sciences, the University of Padjajaran with the number No.54/HB/10/2021. After confirmation, plant samples were prepared for simplicial production. The samples were washed with running water, drained, dried, ground into powder, and stored in a closed container. The 250 g of MC fruits were extracted using 70% ethanol as a solvent with the maceration method. The extraction was repeated three times at a 1:10 ratio, thus the solvent volume was 2.5 L. After the extracts were filtered, the solvent was evaporated using a rotavapor to obtain a thick extract.3
 
Experimental group
Male Wistar rats were obtained from the School of Life Sciences and Technology) Laboratory, Bandung Institute of Technology. The 27 male Wistar rats with an initial weight of 200–220 g were used in the current investigation. For 12 days, all rats were maintained in a typical cage filled with four rats. Before the experimental condition, the animals were maintained at 22°C with steady moisture of 45–55% and a 12-hour light-dark cycle with unrestricted access to meals and tap water. Wistar male rats were divided into four groups, namely negative control (Na-CMC), positive control (Na-CMC and isoproterenol), resveratrol group at 9 mg/kg b.wt., and Momordica charantia fruit extract at 300 mg/kg b.w. All treatment groups were administered with isoproterenol as a myocardial infarction induction, except the negative control treatment group. Resveratrol as a comparative compound and MC fruit extract treatment groups were applied orally for 14 consecutive days. Isoproterenol solution was obtained from 85 mg/kg isoproterenol powder dissolved in 0.9% NaCl and injected intraperitoneally on the 13- and 14th days. After 24 hours of isoproterenol administration,  the animal blood was taken intracardiac for cardiac biomarker measurement through sacrifice.21 
 
Bioactive Compound Molecular Docking in Momordica charantia Against SIRT-1 Protein
The chemical structure of SIRT-1 was collected from the Protein Data Bank (PDB ID: 4ZZJ; https://www.rcsb.org/structure/4zzj) and bioactive compounds from Momordica charantia fruit were prepared using the ChemDraw Ultra version 12.0.2.1076 (Cambridge Soft). Ligand and receptor interaction was evaluated and calculated using molecular docking. Ligands were docked using the AutoDock Tools - 1.5.7. Binding affinity was calculated using the binding-free energy (kcal/mol). Molecular docking data were visualized with the AutoDockTools software. The type of bond on each macromolecule with ligands is presented using the Discovery Studio 2021 Client software.22 
 
Results and Discussion
Momordica charantia Fruit Extract on Lactate Dehydrogenase and CKMB Attenuation
Momordica charantia has various biological activities such as antidiabetic, antioxidant6, several types of cancer disease inhibitor,7 anti-inflammatory,8 and cardiovascular disease preventive actor by reducing cholesterol,9 hypotensive effects,10 and antiplatelet activity.11 In our study, we designed myocardial infarction in rats with isoproterenol induction. Isoproterenol, a beta-adrenoceptor agonist, can enhance cardiac output, relax the smooth muscle in the lungs and stomach, and lower peripheral vascular resistance. Isoproterenol is utilized to treat asthma, heart block, bronchospasm, and cardiac arrest.23 Isoproterenol induction at 85 mg/kg b.w. twice with a delay of 24 hours can produce a myocardial infarction, so the serum biomarker-related myocardial infarction significantly increases, compared to the negative control group (without isoproterenol induction).24 The biomarker level in serum affected by Momordica charantia fruit extract can be seen in Figure 1.  The administration of Momordica charantia fruit extract at 300 mg/kg b.w on the  LDH and CKMB serum attenuation was significantly different from the positive control group, while the creatine kinase (CK) parameter had no significant difference. Therefore, these findings indicate that the MC extract has a cardioprotective potential. In the resveratrol treatment group, the CK and CKMB parameters were significantly different, except the LDH parameter. LDH and CKMB are serum levels that increase within injury due to myocardium damage or myocardial infarction.25 
The measurements of the CK and CKMB enzymes are still useful for Acute Myocardial Infarction  (AMI) diagnosis.26 These findings were consistent with the previous study, which showed that Momordica charantia could reduce infarction area in the rat,27 reduce LDL values in a rat model with high cholesterol diet,9 inhibit lipid peroxidation, and protect the activity of antioxidant enzymes due to the polysaccharide contents.28
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Figure 1. Biomarker levels in serum affected by Momordica charantia fruit extract. Data are shown as mean ± SD (n=4). Data were analyzed using a one-way ANOVA test (* means of p < 0.05 compared to the positive control). (a) LDH, (b) CK, and (c) CKMB
 
 
Molecular Docking Bioactive Compound in Momordica charantia Against SIRT-1 Protein
Heart failure occurs due to insufficient cardiac output in peripheral organs. Heart failure is also known as a leading cause of death cases in worldwide due to myocardial infarction.29 SIRT-1 is one of the phosphorylation enzymes that can alleviate oxidative stress.19 Oxidative stress is a problem in most degenerative diseases. In myocardial infarction, compounds that have a high activity of SIRT-1 binding are needed to decrease this condition. Momordica charantia fruit is known to contain momordol, momordicin I, momordicilin, and zeaxhantin. The molecular docking between these compounds and the SIRT-1 protein is shown in Table 1, while the interaction between the bioactive compounds of Momordica charantia and SIRT-1 can be visualized in Figure 2. The highest energy binding to SIRT-1 was found in momordicillin at -11.3 kcal/mol. In zeaxanthin, hydrogen bonds were absent in the SIRT-1 amino acid residue. The common measurement of the ligand-target interaction in drug discovery for further development and optimization is binding affinity. Affinity in pharmacology is described as the number of ligands to occupy 50% of the targets at equilibrium conditions.30
 
Conclusion
Momordica charantia fruit extract at 300 mg/kg b.w. can attenuate the LDH and CKMB serum increase, after isoproterenol-induced myocardial infarction in rats. The molecular docking of selected compounds from Momordica charantia fruit extract presents that momordicilin has great potential as a SIRT-1 activator with a binding energy of -11.3 kcal/mol. These findings implicate that Momordica charantia fruit extract can be developed further as a potential cardioprotective drug.
 
Table 1: Molecular docking
 
	Bioactive compound
	Binding Energy (kcal/mol)
	Hydrogen Bond Interaction
	Non-Hydrogen Interaction
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Momordol
	-9.59
	Gly 440, Ser 442
	Arg 274, Ala 262, Ile 347, Phe 273, Phe 297, 
His 363, Val 445, Phe 414, Ile 411, Val 412
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Momordicilin
	 
-11.3
	Gly 440, Ser 442
	Ile 411, Phe 297, Asn 346, Ile 347,
Gun 345, Leu 443, Ala 262, Gly 261, Ser 441, Gly 263, Asn 465, Glu 467, Arg 466, Asp 272, Lys 444, Arg 274, Phe 273, His 363, Val 445, Phe 414, Val 412
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Momordicin I
 
 
 
	-9.29
	Gln 345, Lys 444
	Phe 297, Ile 347, Ile 411, His 363, Ala 262, Val 445
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Zeaxhantin
	-4.49
	-
 
	Arg 274, Lys 444, Val 445, Arg 446, Pro 447, His 423, Asn 417, Glu 416, Leu 418, Gly 415
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Figure 2: The binding interaction between bioactive compounds of Momordica charantia and SIRT-1 protein.
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