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					ABSTRACT  

					ARTICLE INFO  

					Alcohol addiction and intoxication are serious global health issues, primarily influenced by the  

					metabolic conversion of ethanol into acetaldehyde. This toxic substance causes various harmful  

					effects on the liver, including alcoholic fatty liver (steatosis), steatohepatitis, fibrosis,  

					and hepatocellular carcinoma. Meanwhile, alcohol dehydrogenase (ADH) enzyme facilitates the  

					initial metabolic process. Inhibiting ADH is a potential therapeutic method to slow alcohol  

					metabolism and reduce the side effects of acetaldehyde. Fomepizole is an efficient ADH inhibitor,  

					and the use is limited due to several side effects and high costs, signifying the need to  

					explore safer alternatives. Therefore, this study aimed to investigate the efficacy of bioactive  

					compounds from Pandanus conoideus Lamk. (red fruit), an endemic plant from Papua, Indonesia,  

					as potential ADH inhibitors using in silico methods. Molecular docking simulations and  

					molecular dynamics were used to evaluate the compounds and identify the most promising  

					candidates. Among the compounds evaluated through molecular docking, several flavonoids, such  

					as 3,4',5-trihydroxy-7,3'-dimethoxy flavone (TDF) and taxifolin (TX), had the highest binding  

					affinity scores towards ADH at -7.3 kcal/mol. The next compound producing the highest binding  

					affinity score was quercetin (QE), with a value of -7.1 kcal/mol. Molecular dynamics simulations  

					lasting more than 50 ns signified that QE was the most stable ligand, with root-mean-square  

					deviation (RMSD) value that remained below 5 Å. The results generally showed that only QE  

					from Pandanus conoideus had potential as ADH inhibitor.  
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					During the process, ADH interacts with ethanol and NAD+, then the  

					enzyme catalyzes the extraction of hydride ions (hydrogen atoms with  

					Introduction  

					Alcohol abuse is a serious global health issue, leading to  

					various medical conditions, such as liver disease, cardiovascular  

					disorders, and certain cancers.1,2 The basic mechanism of alcohol  

					metabolism in the body, which primarily occurs in the liver, includes  

					three main enzymatic pathways consisting of alcohol dehydrogenase  

					(ADH), microsomal ethanol oxidation system (MEOS) mediated by  

					cytochrome P450 enzymes, and catalase.3 Furthermore, ethanol  

					oxidation is the primary phase and rate-limiting step, majorly facilitated  

					two electrons) from ethanol molecule and transfers the extract to  

					NAD+.7,8 This process simultaneously oxidizes ethanol into  

					acetaldehyde while reducing NAD+ to the electron-transferring form,  

					NADH. Inhibiting ADH slows alcohol metabolism, reduces  

					acetaldehyde formation, and may alleviate the intensity of the harmful  

					effects.9 ADH oxidizes accidentally ingested methanol to become  

					formaldehyde, which is converted into highly toxic formic acid.  

					Similarly, ADH converts ethylene glycol into glycoaldehyde, which is  

					oxidized into glycolic acid, the primary factor in severe metabolic  

					acidosis observed in poisoning. In both cases, the toxic metabolites, not  

					the original alcohol, are responsible for the severe and often fatal  

					consequences impacted on the body.  

					Fomepizole is a competitive inhibitor of ADH with proven clinical  

					efficacy, which acts by reversibly binding to the active site of the  

					enzyme and blocking the substrate metabolism.10 This drug inhibits the  

					transformation of parent alcohols into harmful metabolites, facilitating  

					the safe elimination. However, fomepizole presents disadvantages in  

					the form of adverse effects such as headaches, nausea, dizziness, and  

					transient elevations in liver enzymes, significant expense, and the need  

					for intravenous (IV) delivery during administration.11 The  

					disadvantages show the critical demand for novel, more efficacious,  

					safer, and cost-effective ADH inhibitors.12 Therefore, new ADH  

					inhibitors need to be derived from natural products due to the potential  

					for fewer side effects compared to the known ADH inhibitors.13  

					Pandanus conoideus Lamk., commonly known as "red fruit," is a native  

					plant of Papua (Indonesia) with a broad spectrum of pharmacological  

					activities, including antioxidant, antibacterial, antihyperglycemic, anti-  

					inflammatory, and anticancer properties.14,15,16 Pandanus conoideus is  

					by class  

					I

					alcohol dehydrogenase (ADH1), which produces  

					acetaldehyde, a toxic compound responsible for the adverse health  

					effects associated with excessive alcohol consumption. 4  

					The conversion of ethanol to acetaldehyde is often facilitated by ADH,  

					a zinc-dependent metalloenzyme that exists as a dimer in humans.5,6  

					Zinc atom in ADH is crucial for the activity of the enzyme through  

					binding to alcohol hydroxyl group, thereby positioning for oxidation.  

					This is classified as an oxidation-reduction (redox) reaction, which  

					requires the presence of nicotinamide adenine dinucleotide (NAD+).  
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					rich in carotenoids and flavonoids.17,18 The primary carotenoid  

					compounds found in Pandanus conoideus are β-carotene, followed by  

					uncharacterized. The lack of molecular-level data establishes a  

					significant knowledge gap, hindering the validation of this endemic  

					Papuan plant as an effective natural competitive inhibitor for alleviating  

					alcohol-induced toxicity.  

					capsanthin  

					5,6  

					epoxide,  

					capsanthin  

					3,6  

					epoxide,  

					5,6-  

					diepicapsokarpoxanthin, β-kriptoksantin 5,6-epoxide, kapsorubin,  

					kapsantin, kriptokapsin, β-Kriptoksantin, α-cryptoxanthin, and  

					capsanthin 5,8 epoxide.19,20 This plant is also rich in flavonoids, such  

					as 4’,6,6’,8-tetrahydroxy-3-methoxy-flavone (TMF), 3,4',5-trihydroxy-  

					Materials and Methods  

					7,3'-dimethoxy  

					flavone  

					(TDF),  

					taxifolin  

					(TX)  

					3-O-α-  

					This study used various software tools for the analysis process,  

					including AutoDockTools-1.5.6 and Autodock Vina 4.2 from the  

					arabinopyranoside, isoquercetin, 3-O-methylquercetin, quercetin (QE),  

					TX, quercetin-3'-glucoside, rutin, astragalin, and trifolin,as well as fatty  

					acids.19,21,22  

					Scripps  

					Research  

					Institute  

					(2012),  

					Swiss  

					ADME  

					(http://www.swissadme.ch), and Chimera V.1.18 (Resources for  

					Bioinformatics, Visualization, and Informatics, 2023). Other tools were  

					ChemOffice (Revvity Signals, 2023), Biovia Discovery Studio 2025  

					(Dassault Systèmes), Open Babel, Gromacs 2025.2 (Herman  

					The potential roles of Pandanus conoideus as ADH inhibitor have not  

					been investigated despite the recognition of the diverse  

					pharmacological activities, including antioxidant, antibacterial,  

					antihyperglycemic, anti-inflammatory, and anticancer properties.  

					Therefore, this study represents the first attempt to explore the  

					inhibitory activity of bioactive compounds from Pandanus conoideus  

					against ADH, filling a critical gap in the search for natural product-  

					based strategies to mitigate alcohol-related toxicity. The novelty of this  

					study lies in the unique focus on a traditional Papuan medicinal plant as  

					a potential source of safer and more affordable ADH inhibitors,  

					different from existing synthetic options such as fomepizole limited by  

					adverse effects, high cost, and intravenous administration requirements.  

					Although the medicinal plant is known to contain abundant bioactive  

					flavonoids and carotenoids, there has been no scientific evidence  

					clarifying the molecular processes by which these compounds engage  

					with the human ADH enzyme. The binding affinity, active site  

					interactions, and dynamic stability of Red Fruit metabolites remain  

					Berendsens  

					Group),  

					and  

					ADMET-AI  

					(https://admet.ai.greenstonebio.com).  

					Drug-ADMET Compatibility Testing  

					Bioactive compounds of Pandanus conoideus obtained from previous  

					studies for drug-ADMET compatibility testing are shown in Figure  

					1.19,21 All compounds were analyzed by using SMILES identifications  

					in Swiss ADME (https://www.swissadme.ch) to determine the  

					pharmacological properties and ADME properties. Additionally,  

					SMILES identifications were analyzed using ADMET-AI  

					(https://admet.ai.greenstonebio.com) to obtain the overall ADMET  

					property radial graphs of the active compounds.23  

					4',6,6',8-  

					tetrahydroxy-3-  

					methoxy-flavone  

					Quercetin  

					3,4',5-trihydroxy-7,3'-  

					dimethoxyflavone  

					3-O-Methylquercetin  

					Taxifolin 3-O-α-  

					arabinopyranoside  

					Isoquercetin  

					α-Tocopherol  

					Taxifolin  

					Rutin  

					Quercetin-3'-glucoside  

					Oleic Acid  

					Astragalin  

					Trifolin  

					Capsanthin 5,6-  

					epoxide  

					Capsanthin 3,6-  

					epoxide  

					Β-Carotene  

					Linolenic acid  

					Capsorubin  

					Linoleic acid  

					β-cryptoxanthin 5,6-  

					β-Cryptoxanthin  

					5,6 –  

					Diepicapsokarpo-  

					xanthin  

					Capsanthin  

					Cryptocapsin  

					Myristic acid  

					epoxide  

					Stearic acid  

					α-Cryptoxanthin  

					Capsanthin 5,8-epoxide  

					Palmitic acid  

					Caprylic acid  

					Capric acid  

					Palmitoleic acid  

					Figure 1: The active chemical compounds from Pandanus conoideus Lamk.  

					heteroatoms, including the addition of Kollman charges, and the  

					introduction of polar hydrogen.24 Missing residues were corrected using  

					the DockPrep tool in the Chimera program v1.18. All ligands used in  

					this study were downloaded in SDF file format (3D conformation),  

					structurally optimized using MM2 method in Chem3D 23.1.1, and  

					Molecular Docking Study  

					Identifying suitable receptors is the initial step in conducted in silico  

					drug screening. ADH protein was downloaded from RCSB PDB  

					database (https://www.rcsb.org) with PDB ID 1HDZ. Protein was  

					prepared using AutoDockTools-1.5.6 by removing water molecules and  
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					converted to PDB format. Subsequently, molecular docking studies  

					were performed using Autodock Vina to provide binding affinity data  

					and PDBQT files for complex visualization in BioVia Discovery Studio  

					2025. The grid used was centered around NAD molecule, specifically  

					at -6.628, 11.412, and -32.13 (center-x, center-y, and center-z), as  

					shown in Figure 2. NAD molecule as a native ligand of 1HDZ was  

					separated from the protein and re-docked for method validation with the  

					same procedure used for other compounds.25,26  

					NAD  

					Figure 2: Location of the active site of ADH protein near NAD molecule (lattice structure).  

					Molecular Dynamics  

					Results and Discussion  

					The ligands generated from the docking procedure were converted to  

					the (.mol2) format using Open Babel and re-optimized by adding all  

					hydrogen atoms. Subsequently, the entire ligands were prepared for  

					topology using the SwissParam server with MMFF-based method.  

					Molecular dynamics (MD) simulations were performed using Gromacs  

					2025.2, which applied the Charmm27 force field and single-point  

					charge (SPC) water model, followed by neutralization with Cl or Na+  

					counter ions. Protein energy minimization was carried out with 5,000  

					iterations of the steepest descent method. NVT and NPT equilibration,  

					each lasting 100 ps, were performed after the energy minimization  

					process. Molecular docking simulations were performed for 50 ns at  

					300 K, and the simulation trajectories obtained were analyzed using the  

					Xmgrace program to calculate root-mean-square deviation (RMSD),  

					root-mean-square fluctuation (RMSF), hydrogen bonds, and radius of  

					gyration (Rg) of protein-ligand complex.27  

					Druglikeness Screening  

					The Lipinski rules serve as a crucial screening method in drug  

					development to assess the "drug-like" characteristics of a compound.  

					These rules consist of several criteria to predict the likelihood of a  

					compound possessing the physicochemical properties required for  

					optimal oral absorption and permeability. The guidelines state that a  

					molecule should not exceed one violation of the following criteria to  

					have good oral bioavailability: 1) molecular weight below 500 Dalton,  

					2) calculated lipophilicity not exceeding 5, 3) maximum of 5 hydrogen  

					bond donors, and 4) maximum of 10 hydrogen bond acceptors. An  

					additional rule commonly used is TPSA (Topological Polar Surface  

					Area)  

					≤

					140 Å², because of the relationship with membrane  

					permeability.28 Table 1 shows that all carotenoids isolated from  

					Pandanus conoideus Lamk. do not meet the Lipinski rules due to the  

					high molecular weight (MW). Molecules with high MW have difficulty  

					penetrating the lipid bilayer of intestinal cell membranes, and this  

					reduced permeability leads to fewer drugs entering the bloodstream.29  

					A few active compounds have characteristics similar to oral drugs,  

					namely TMF, TDF, QE, TX, capric acid, myristic acid, and caprylic  

					acid. All compounds that passed the Lipinski screening rules passed  

					through further in silico analysis.  

					Table 1: Drug similarity screening of active compounds from Pandanus conoideus Lamk. using Lipinski's rules  

					Compound  

					MW  

					LogP  

					HBD HBA  

					TPSA  

					Violation  

					Flavonoid  

					4',6,6',8-tetrahydroxy-3-methoxy-flavone  

					3,4',5-trihydroxy-7,3'-dimethoxyflavone  

					Taxifolin 3-O-α-arabinopyranoside  

					isocwerketin  

					3-O-methylquercetin  

					Quercetin  

					Taxifolin  

					Quercetin-3'-glucoside  

					Regular  

					316.26  

					330.29  

					436.37  

					464.38  

					316.26  

					302.24  

					304.25  

					464.38  

					610.52  

					448.38  

					448.38  

					2.29  

					2.59  

					-0.35  

					-0.54  

					2.29  

					1.99  

					1.19  

					-0.54  

					-1.69  

					-0.24  

					-0.24  

					4

					3

					7

					8

					4

					5

					5

					8

					10  

					7

					7

					7

					7

					11  

					12  

					7

					7

					7

					12  

					16  

					11  

					11  

					120.36  

					109.36  

					186.37  

					210.51  

					120.36  

					131.36  

					127.45  

					210.51  

					269.43  

					190.28  

					190.28  

					0

					0

					2

					2

					0

					0

					0

					2

					3

					2

					2

					Astragalin  

					Trifolin  

					Vitamin  

					Alpha-Tocopherol  

					Carotenoids  

					430.72  

					8.84  

					1

					2

					29.46  

					1

					β-carotene  

					536.89  

					600.88  

					600.88  

					618.9  

					568.89  

					600.88  

					584.89  

					12.61  

					9.02  

					9.02  

					7.97  

					10.79  

					9.07  

					9.81  

					0

					2

					2

					4

					1

					2

					2

					0

					4

					4

					5

					2

					4

					3

					0

					2

					2

					2

					2

					2

					2

					2

					Capsanthin 5,6-epoxide  

					Capsanthin 3,6 epoxide  

					5.6 – di-epi-carpoxanthin  

					β-cryptoxanthin 5,6-epoxide  

					Capsorubin  

					70.06  

					66.76  

					97.99  

					32.76  

					74.6  

					57.53  

					Capsanthin  
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					Cryptocapsin  

					β-Cryptoxanthin  

					α-Cryptoxanthin  

					Capsanthin 5,8 epoxide  

					Fatty acid  

					568.89  

					552.89  

					552.89  

					600.88  

					10.84  

					11.58  

					11.43  

					9.02  

					1

					1

					1

					2

					2

					1

					1

					4

					37.3  

					2

					2

					2

					2

					20.23  

					20.23  

					66.76  

					Oleic acid  

					Linolenic acid  

					linoleic acid  

					282.47  

					278.44  

					280.45  

					172.27  

					256.43  

					228.38  

					284.48  

					254.41  

					144.21  

					6.11  

					5.66  

					5.88  

					3.21  

					5.55  

					4.77  

					6.33  

					5.33  

					2.43  

					1

					1

					1

					1

					1

					1

					1

					1

					1

					1

					1

					1

					1

					1

					1

					1

					1

					1

					37.3  

					37.3  

					37.3  

					37.3  

					37.3  

					37.3  

					37.3  

					37.3  

					37.3  

					1

					1

					1

					0

					1

					0

					1

					1

					0

					capric acid  

					Palmitic acid  

					myristic acid  

					stearic acid  

					palmitoleic acid  

					caprylic acid  

					Table Notes: MW (Molecular Weight)< 500 Da; LogP (logarithm of P, partition coefficient)< 5; HBD (Hydrogen Bond Donor)< 5; HBA (Hydrogen  

					Bond Acceptor)< 10; TPSA (Topological Polar Surface Area)< 140 Å².  

					ADMET and Toxicity  

					Myristic acid (MA), and Caprylic acid (CYA), is estimated to penetrate  

					Blood-Brain Barrier (BBB), suggesting potential effects on the central  

					nervous system. Meanwhile, flavonoids such as TMF, TDF, QE, and  

					TX are unable to penetrate the BBB, reducing the potential of central  

					nervous system side effects. There are no active compounds expected  

					to be substrates for P-glycoprotein, signifying favorable results as this  

					implies absence of active excretion from cells.  

					Swiss ADME server (Table 2) shows that all ligands, including the  

					reference inhibitor Fomepizole, present exceptional gastrointestinal  

					(GI) absorption. Great potential of effective absorption into the  

					circulation following oral administration is signified by high GI  

					absorption. However, the profiles differ significantly in other important  

					characteristics. Fomepizole, along with fatty acids Capric acid (CRA),  

					Table 2: ADMET profile of active compounds from Pandanus conoideus Lamk  

					Compound  

					Standard Parameters  

					Fomepizole  

					TMF  

					TDF  

					QE  

					TX  

					CRA  

					MA  

					CYA  

					GI Absorption  

					BBB  

					High  

					High  

					High  

					High  

					High  

					No  

					No  

					No  

					No  

					No  

					No  

					No  

					Height  

					Height  

					High  

					Yes  

					No  

					No  

					No  

					No  

					No  

					No  

					No  

					No  

					No  

					Yes  

					No  

					No  

					No  

					No  

					No  

					No  

					Yes  

					No  

					Yes  

					No  

					No  

					No  

					No  

					Yes  

					No  

					No  

					No  

					No  

					No  

					No  

					P-gp substrate  

					No  

					No  

					No  

					CYP1A2 inhibitor  

					CYP2C19 inhibitor  

					CYP2C9 inhibitor  

					CYP2D6 inhibitor  

					CYP3A4 inhibitor  

					Yes  

					No  

					Yes  

					No  

					Yes  

					No  

					No  

					Yes  

					Yes  

					Yes  

					No  

					Yes  

					Yes  

					Yes  

					Yes  

					Notes: TMF (4',6,6',8-tetrahydroxy-3-methoxy-flavone); TDF (3,4',5-trihydroxy-7,3'-dimethoxy flavone); QE (Quercetin); TX (Taxifolin); CRA  

					(Capric acid); MA (Myristic acid); CYA (Caprylic acid)  

					All the described ligands show different inhibitory profiles against  

					several cytochrome P450 (CYP450) enzymes, which are important for  

					drug metabolism. TMF, TDF, and QE can inhibit CYP1A2 and  

					CYP2D6, with TDF potentially affecting CYP2C9. The inhibition may  

					lead to significant drug interactions when the stated drugs are  

					administered concurrently with other drugs metabolized by these  

					enzymes.30 TX has a favorable profile, without inhibiting any CYP450  

					enzymes, suggesting minimal risk of metabolic drug interactions.  

					Similarly, fatty acids (CRA, MA, CYA) and Fomepizole have neligible  

					to no inhibition of these specific CYP450 enzymes, making the  

					metabolic profiles relatively safer compared to flavonoid compounds  

					such as TMF, TDF, and QE.  

					The radial plot shows that TDF, QE, and TX have favorable ADMET  

					profiles according to ADMET-AI prediction model (Figure 3). This  

					graph shows the safety and bioavailability predictions of the  

					compounds based on critical criteria.31 All three compounds are  

					categorized in the safe range for BBB permeability and hERG  

					inhibition, which are important indicators for central nervous system  

					and cardiovascular safety, respectively.32,33 These data present a low  

					probability of causing neurotoxicity or cardiotoxicity. The three  

					compounds show favorable evaluations for non-toxicity and solubility,  

					suggesting minimal risk of general toxicity and a high probability of  

					solubility in biological fluids.  

					Molecular Docking  

					The method validation was carried out before proceeding to the  

					investigation of bioactive compounds from Pandanus conoideus. The  

					method used in this study was valid because the re-docking process  

					produced RMSD value (1.543 Å) below 2.0 Å, as presented in Figure  

					4.26 The active chemical compounds analyzed have varying inhibitory  

					activity against ADH enzyme. The most potent inhibitors are TDF and  

					TX, both showing the highest binding affinity scores of -7.3 kcal/mol  

					(Table 3). TDF forms several hydrophobic interactions with amino acid  

					residues such as His51, Ile224, and Gly365, hydrogen bonds with  

					Asp50 and Leu362, and electrostatic interactions with the coenzyme  

					NAD (Figure 5). Both hydrogen bonds and hydrophobic interactions  

					stabilize TDF in ADH enzyme binding site.34 Meanwhile, TX forms  

					hydrogen bonds with Leu362 and NAD molecule. QE and TMF have  

					significant binding affinities (-7.1 and -7.0 kcal/mol, respectively),  

					leading to the consideration as promising ADH inhibitor candidates.  

					Fatty acids such as Capric Acid (CRA), Myristic Acid (MA), and  

					Caprylic Acid (CYA), along with the positive control (Fomepizole),  

					have lower binding affinities, ranging from -4.2 to -4.5 kcal/mol. These  

					values signify less effective inhibitors compared to flavonoid  

					compounds. Fomepizole, a recognized ADH inhibitor, primarily  

					interacts through hydrophobic interactions with Leu362 and hydrogen  

					bonds with NAD molecules. Fatty acids have greater variability in  

					hydrophobic interactions with different amino acid residues. However,  

					the lower bond scores show that the interactions are less energetically  
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					favorable for sustained bonds compared to the types associated with  

					flavonoids.35  

					All compounds, except caprylic acid, inhibit the same active site near  

					NAD as fomepizole (Figure 6). This suggests that the five compounds  

					may have a similar mechanism of methanol inhibition to fomepizole in  

					preventing methanol and ethylene glycol poisoning by interacting with  

					NAD molecules.11 Three molecules with the best binding affinities were  

					further studied using the molecular dynamics method, including TDF,  

					QE, and TX.  

					Table 3: Bond affinity scores and ligand interactions with ADH  

					Binding  

					Affinity  

					(kcal/mol)  

					-4.2  

					Amino Acid Interactions  

					Compound  

					Hydrophobic  

					Hydrogen Bond  

					Electrostatic  

					*Fomepizole  

					Leu362  

					NAD  

					-

					-

					4’,6,6’,8-tetrahydroxy-3-methoxy-  

					flavone (TMF)  

					-7.0  

					His51, His363, NAD  

					Ile269, Leu362  

					3,4',5-trihydroxy-7,3'-dimethoxyflavone  

					(TDF)  

					-7.3  

					His51, Ile224, Gly365  

					Asp50, Leu362  

					NAD  

					Quercetin (QE)  

					Taxifolin (TX)  

					Capric acid  

					(CRA)  

					Myristic acid  

					(MA)  

					-7.1  

					-7.3  

					-

					-

					Ser54, Lys228, NAD  

					Leu362, NAD  

					-

					-

					-4.4  

					-4.5  

					His51, Ile269, Leu362, His363 Asn225, Lys228, NAD  

					Ile269, Arg271, Leu362, NAD Ser54, Asn56  

					-

					-

					Thyroxine 180, Lysine 330,  

					Leucine 331, Phenylalanine Lys323  

					322  

					Caprylic acid  

					(CYA)  

					-4.2  

					-

					A

					B

					C

					Figure 3: ADMET radial plot for TDF (A), QE (B), and TX (C).  

					Figure 4: Conformation of NAD as a native ligand before (red) and after (yellow) the re-docking process.  
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					E

					A

					C

					D

					F

					G

					H

					Figure 5: Interaction of the ligands Fomepizole (A), TMF (B), TDF (C), QE (D), TX (E), CRA (F), MA (G), and CYA (H) with the  

					amino acid residues of the alcohol dehydrogenase enzyme.  

					Figure 6: Inhibition sites of Fomepizole (yellow), TMF (red), TDF (blue), QE (purple), TX (gray), CRA (black), and MA (cyan) in the  

					active site of alcohol dehydrogenase near NAD (green surface).  

					Molecular Dynamics (MD)  

					RMSF represents the local fluctuations of each residue in a protein,  

					enabling the assessment of the stability of specific target protein  

					residues during simulations.37 Amino acid residues from 1 to 90 remain  

					stable below 2.5 Å after the introduction of TDF, QE, and TX at the  

					active site of ADH. Residues from 100 to 120 start to fluctuate above  

					2.5 Å (Figure 7B), suggesting flexible amino acids in the region. Ala317  

					and Phe319, which are used to stabilize NAD molecule (+) in the  

					binding pocket, show mild fluctuations.38 Radius of Gyration (Rg)  

					serves as an indicator of density, stability, and structural folding.39,40  

					Figure 7C shows that ADH protein remains stable and compact with Rg  

					value of approximately 20.5 Å when inhibited by the active compound  

					for 50 ns. Concerning the number of hydrogen bonds, QE has an  

					RMSD is the average displacement of atoms over a specific time  

					interval. This represents the average distance between atoms (ligand)  

					and protein. Based on Figure 7A, the most stable ligand for inhibiting  

					ADH active site is QE, which remains stable below 3 Å up to 20 ns.  

					RMSD values below 5 Å represent relative stability in molecular  

					dynamics simulations. The value exceeding 5 Å imply significant  

					conformational changes and major structural modifications, suggesting  

					low stability.36 QE is still considered a stable ligand up to 50 ns because  

					RMSD value remains below 5 Å. However, TDF and TX are not good  

					ADH inhibitors due to the irregular movement determined from RMSD  

					values.  
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					average of 4 to 5 hydrogen bonds, which stabilize QE interactions in the  

					active site of ADH protein. QE has the highest average number of  

					hydrogen bonds compared to TDF and TX in Figure 7D. Hydrogen  

					bonds play a role in maintaining molecular stability, implying that the  

					higher the number of hydrogen bonds, the more stable the molecule.41,42  

					A

					B

					D

					C

					Figure 7: Molecular dynamics results of RMSD (A), RMSF (B), gyrate (C), and hydrogen bond count (D).  

					Conclusion  

					In conclusion, QE was identified as the most potent inhibitor of ADH  

					Authors’ Declaration  

					The authors hereby declare that the work presented in this article is  

					original and that any liability for claims relating to the content of this  

					article will be borne by them.  

					enzyme isolated from Pandanus conoideus Lamk. Although other  

					flavonoids such as TDF and TX showed significant binding affinity, QE  

					presented better stability in molecular dynamics simulations. Stability,  

					signified by low RMSD values during simulations, was a representation  

					of better complex formation with ADH enzyme. Additionally, ADMET  

					profile was favorable, suggesting the compound as non-toxic and safe  

					regarding BBB permeability and hERG inhibition. The mechanism of  

					action of QE was considered identical to the mechanism of the existing  

					ADH inhibitor Fomepizole, due to the interaction with NAD molecules  

					at the active site.  
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					This study showed the potential of QE from Pandanus conoideus as a  

					lead compound for the development of safer and more affordable ADH  

					inhibitors derived from natural sources. Future investigations should  

					focus on both in vitro and in vivo validations to confirm the inhibitory  

					activity and pharmacological safety, as well as formulation strategies to  

					improve the bioavailability. The efforts might contribute to the  

					advancement of novel therapeutic methods for alcohol-related liver  

					diseases and broaden the pharmacological relevance of endemic plants  

					from Papua in global drug discovery.  
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