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Abstract 

 

Hyperuricemia is a disorder marked by elevated concentrations of uric acid in the bloodstream, which can trigger gout and other 

metabolic complications. Conventional therapies such as allopurinol are effective but often cause side effects. This study aims to explore 

the potential of bioactive compounds from cardamom leaves (Wurfbania compacta) as antihyperuricemic agents through an in silico 

approach. The methods used include mining phytochemical data from the literature, predicting pharmacokinetic properties and toxicity 

(ADMET), molecular docking as well as molecular dynamic. The screening results show that the compound with the most stable 

interaction from cardamom (Wurfbania compacta) with receptors that play a role in inhibiting xanthine oxidase enzyme in silico is the 

compound kaempferol with a Binding energy value of -8.1 kcal/mol and Ki 1.15 uM (micromolar). ADMET analysis indicates that the 

main candidate has a good pharmacokinetic profile and low toxicity potential. Based on the results of the RMSD and RMSF molecular 

dynamic analysis, the kaempferol compound shows a stable level of interaction and has 3 amino acid similarities with the comparison 

drug allopurinol, namely THR1010, VAL1011 and ALA1078, so it has the potential to be used as a candidate antihyperuricemia drug. 

These findings suggest that cardamom leaves have prospects as a source of natural antihyperuricemia compounds. Further in vitro and in 

vivo studies are needed to verify the biological activity and safety of its use. 
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INTRODUCTION 
 

Hyperuricemia is a health condition characterized by 

elevated levels of uric acid in the blood. This condition 

often does not show any signs or symptoms during its 

early stages. Typically, uric acid levels are considered 

high when they exceed 7.0 mg/dL in men or 6.0 mg/dL 

in women (Sovia et al., 2025). Hyperuricemia, which 

means having high levels of uric acid in the blood, is 

connected to several health issues like gout, heart 

problems, kidney diseases, metabolic syndrome, and 

diabetes (Du et al., 2024). A crucial enzyme involved in 

producing uric acid is called xanthine oxidase (XO). This 

enzyme helps convert hypoxanthine into xanthine, and 

then into uric acid. Blocking XO is a proven method used 

to treat high levels of uric acid in the blood (Liu et al., 

2021).  

While traditional XO inhibitors like allopurinol and 

febuxostat work well, they often cause unwanted side 

effects, leading to increased exploration of natural 

products as potentially safer options (Mehmood et al., 

2019). Recent research has shown that bioactive 

compounds from plants, such as flavonoids, polyphenols, 

and peptides, have the ability to inhibit xanthine oxidase 

and reduce high uric acid levels. These findings are 

backed by both in vitro assays and in silico molecular 

modeling techniques (Dirgantara et al., 2022). One of the 

plants that contains flavonoids is cardamom. There are 

several types of cardamom, one of which is Javanese 

cardamom (Wurfbainia compacta),, whose boiled fruit 

extract is empirically believed to be used as an 

antihyperuricemic agent. The flavonoid derivative from 

Javanese cardamom fruit, in silico, is a candidate that 

plays a role as an antihyperuricemic, namely the 

compound 3-cyclohexene-1-methanol (Nofriyaldi et al., 

2025). In the realm of medicinal plants, cardamom, has 

been used for centuries in different cultures for its 

healing benefits. Cardamom leaf extract was found to 

have strong antifungal activity against different fungal 

plant pathogens and also exhibited antimicrobial effects 

against both types of bacteria, which are Gram-positive 

and Gram-negative that cause human infections, and 

exhibited antihyperglycemic effects by reducing glucose 

absorption and mimicking the action of insulin (Mekky 

et al., 2023). The bioactive properties of cardamom 

leaves have not been thoroughly studied, especially 
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regarding their ability to inhibit XO and their potential 

use in treating hyperuricemia. 

Advances in computational pharmacology, 

particularly in molecular docking and molecular 

dynamics (MD) simulations, have made it possible to 

accurately model how phytochemicals interact with 

target enzymes such as XO. Advances in computational 

pharmacology, particularly in molecular docking and 

molecular dynamics (MD) simulations, have made it 

possible to accurately model how phytochemicals 

interact with target enzymes such as XO (Mekky et al., 

2023). This study seeks to examine the ability of 

phytochemical compounds found in the leaves of 

Wurfbainia compacta to act as natural inhibitors of 

xanthine oxidase, using a combined in silico method that 

includes molecular docking and molecular dynamics 

simulation. The results could help in identifying new 

plant-based treatments for hyperuricemia that offer better 

safety. 

 

 

MATERIALS AND METHODS 
 

Materials 

ChemDraw Ultra 8.0 from Cambridge soft Corporation 

2003 8 versions, Marvin Sketch from ChemAxon 1999 

23.1 version, Molegro Molecular View 2008 2.5 version, 

AutoDock from Molecular Graphics Laboratory Tools 

1.5.6 version, BIOVIA Discovery Studio and Desmond 

(Dassault Systemes) were utilized. Web servers include 

RCSB PDB, PDBsum, and PreADMET. A personal 

computer with Linux Ubuntu 18.04.5 LTS 64-bit, 

Processor Intel® CoreTM i5-8400 CPU @ 2.80GHz x 6, 

Memory 7,7 GiB, Graphics GeForce GTX 

970/PCIe/SSE2, GNOME 3.28.2, Disk 245,1 GB. Plant 

material and protein: 50 cardamom leaves compounds 

from the literature were used, and a receptor protein with 

PDB ID code 3NVW and allopurinol were used as 

positive control drugs. 

 

Procedures 

Receptor Identification 

Receptors were obtained from the website 

https://www.rcsb.org/. A receptor with a resolution of 

less than 2Å and a natural ligand similar in structure to 

the reference drug was chosen. The receptor was then 

examined on the http://www.ebj.ac.uk/pdbsum site to 

confirm that it aligned with the Ramachandran plot 

(Ruswanto et al., 2018). 

 
Docking Validations 

Docking validation was performed to develop a reliable 

method by repeatedly docking the original ligand to the 

target protein using AutoDockTools (Sari et al., 2020). 

 

Ligand Preparation 

The ligands were protonated by adding protons (H) and 

simulating a specific pH level to match the pH of the 

human body, which is 7.4. The resulting file was saved in 

.mrv format. The next step involved conducting a 

conformational search, and the file was then saved in 

.mol2 format. It was imported into the Molegro 

Molecular Viewer, and subsequently, the molecule was 

exported in .pdb format (Sagitasa et al., 2021). 

Figure 1. 2D visualization of the redocking results of 

receptor 3NVW 

 

Prediction of Pharmacokinetic and Toxicity 

Toxicity and pharmacokinetic tests were conducted using 

the PreADMET website. The results included analysis of 

the ames test, carcinogenity in mice, carcinogenity in 

rats, HIA, Caco-2, and PPB parameters were reviewed 

(Mardianingrum et al., 2021). 

 

Drug Scan 

A drug screening process was conducted using Lipinski’s 

program to assess how similar a compound is to a 

reference drug based on the pharmacokinetic processes 

that take place in the body. The parameter examined 

during this stage was Log p (Rahmawaty et al., 2022). 

 
Molecular Docking and Visualization 

The process was conducted using AutoDock to dock the 

test ligand onto the target receptor, with the grid 

dimensions based on the validation results for the x, y, 

and z axes, which were 38.017, 20.172, and 18.698, 

respectively (Dermawan et al., 2019). The outcomes 

were presented as binding energy (ΔG) and inhibition 

constant (Ki), followed by visualization to examine the 

possible interactions between the ligand and the receptor 

(Ruswanto et al., 2023). 

 
Molecular Dynamic Simulations 

The simulation process was conducted on the selected 

compound based on the docking results with the receptor 

using the Desmond software to investigate the stability 

between the compound and the receptor. The process 

began with preparing the test compound and the 

solvation stage, where the ligand-receptor complex was 

dissolved in TIP3P-type water. Neutralization was then 

carried out by adding Na+ and Cl- ions to ensure the 

system reached a neutral state, mimicking the 

physiological conditions of the human body. Next, 

minimizing was performed to reduce the potential energy 

and produce a more stable conformation by avoiding 

atomic clashes during the formation or breaking of 

hydrogen bonds. Following this, heating was applied, 

with temperature and pressure adjusted to match the 

normal human body temperature so that the protein 

complex could function normally during the simulation. 

Equilibration was then performed, where the system 

reached a constant state of temperature, volume, and 

pressure. The simulation was run for 100 nanoseconds 

using an NPT ensemble (Zubair et al., 2020). The results 

http://www.ebj.ac.uk/pdbsum
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of the simulation were analyzed using RMSD, RMSF, 

and protein-ligand residue contact plots. 

 

 

RESULTS AND DISCUSSION 
 

Result of Receptor Identification 

In this study, a receptor with the PDB code 3NVW was 

used, which was downloaded from the web server 

https://www.rcsb.org, because this receptor has a 

resolution value of 1.6 Å and has a natural ligand 

structure similar to the comparator drug. The receptor 

with PDB code 3NVW has a value of most favored 

regions of 90.0% and a value of disallowed regions of 

0.2%, which means it meets the criteria and can be used 

as a target protein for the binding of molecules against 

antihyperuricemia activity. The receptor with PDB code 

3NVW has an active site of hydrogen bonds with amino 

acids namely GLU802, ARG880, THR1010, and 

MOS1328. Meanwhile, for the hydrophobic binding 

interactions with amino acids namely LEU873, SER876, 

PHE914, PHE1009, VAL1011, LEU1014, ALA1078, 

and ALA1079. More clear interactions can be seen in 

Figure 1. 

 

 
Figure 2. Active Side of Xanthine Oxidase Receptor. 

 

 

Result of Docking Validation 

Docking validation is performed using the 

AutoDockTools application, by re-docking the natural 

ligand with the prepared receptor. The purpose of this 

validation is to obtain a valid method, which is said to be 

valid if the receptor has an RMSD value < 2 Å. This is 

because the smaller the RMSD value, the more similar 

the position of the docked natural ligand is to that of the 

natural crystallographic ligand. Based on the docking 

validation results in Table 1, the receptor 3NVW is 

considered valid because the obtained RMSD value is < 

2 Å, which is 0.27 Å, with a binding energy of -6.88 

kkal/mol, and in the Gridbox setup, x = 38.017, y = 

20.172, and z = 18.698.  

The results from redocking are then visualized using 

the BIOVIA Discovery Studio 2017 application to 

observe the interactions between the ligand and receptor, 

allowing for the identification of the interactions and the 

amino acid residues involved in the ligand-receptor 

complex. 

 

 
Figure 3. 2D visualization of the redocking results of receptor 3NVW. 

 

 
Figure 4. Overlay results before docking (red) and after docking (teal). 

 

 
Table 1. Docking Validation Results. 
 

PDB code 
Grid Box 

RMSD 

(Å) 

Binding 

Energy 

(kkal/mol) 
X Y Z 

3NVW 38.017 20.172 18.698 0,27 -6.88 

 

Result of Ligand Preparation 

The test compound from cardamom was first prepared by 

conducting protonation and conformational analysis 

using the MarvinSketch application. the compounds 

prepared included 15 compounds such as 5-Hydroxy-

3,7,4'-trimethoxyflavone, +/-.-2-Methoxy-3,8-

dioxocephalotax-1-ene, Erucyl amide, Linolenic acid, 

Phytol, Hexadecanoic acid, Neophytadiene, Carvestrene, 

Carvol, 1,8-Cineole, Kaempferol, Quercetin, Luteolin, 

Pelargonidin, and Allopurinol. The purpose of the 

protonation stage is to adjust the pH of the test 

compound to the physiological pH of the human body, 

which is 7.4. Next, the conformation is performed to 

maintain the position of the molecule that is most stable 

when interacting with the active site of the receptor.  
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Result of Pharmacokinetic and Toxicity 

The parameters analyzed include the Ames test which 

aims to demonstrate the mutagenic potential of 

compounds. Additionally, it analyzes oral rat acute 

toxicity (LD50) and Hepatotoxicity. The results of the 

toxicity tests can be seen in Table 2. Furthermore, 9 test 

compounds and a comparator drug that passed the 

toxicity test were continued with pharmacokinetic 

testing.  

 
 

 

Table 2. Toxicity and pharmacokinetic Test Results. 
 

No Compounds name 

Toxicity test Phamacokinetic Test 

Ames 

toxicity 

LD50 

(mol/kg) 
Hepatotoxicity 

CaCo-2 HIA 

(%) 

PPB 

(%) 

1 5-Hidroxy-3,7,4'-trimetoksiflavon No 2.639 No 23.67 96.48 82.47 

2 2-Methoxy-3,8-dioxocephalotax-1-ene Yes 2.36 Yes - - - 

3 Erucyl amide No 1.863 No 35.78 95.56 100 

4 Linolenic acid No 1.624 Yes - - - 

5 Phytol No 1.546 No 37.62 100 100 

6 Hexadenoic acid No 1.595 No 27.52 98.29 100 

7 Neophytadiene No 1.48 No 23.15 100 100 

8 Carvestrene No 1.847 No 23.63 100 100 

9 Carvol No 1.781 No 47.74 100 58.04 

10 1,8-Cineole No 2.013 No 21.89 100 100 

11 Kaempferol No 2.317 No 9.49 83.92 79.38 

12 Quercetin Yes 2.551 No - - - 

13 Luteolin Yes 2.709 No - - - 

14 Pelargonidin Yes 2.38 No - - - 

15 Allopurinol No 2.424 No 16,52 78,26 3,11 

Description: 

   : Not qualified 

   : Qualified 

Caco-2: < 4 low permeability, 4-70 moderate permeability, > 70 high permeability. HIA: 0-20% low absorption, 20-

70% moderate absorption, 70-100% high absorption. PPB < 90% weak binding, > 90% strong binding. 

 

 

Result of Drug scan 

Drug scan was performed using the Lipinski’s program 

to analyze the physicochemical properties of cardamom. 

The physicochemical properties are analyzed to observe 

the similarity of a compound to oral drugs through the 

pharmacokinetic processes that occur in the body. A 

compound is considered good if it meets 2 or more 

criteria of the Lipinski’s rule, which are molecular 

weight < 500g/mol, Log P <5, hydrogen bond donors <5, 

hydrogen bond acceptors <10, and molar refractivity 

between 40-130 (Yusuf et al., 2022). 

 
 

 

Table 3. Drug Scan Results. 
 

No Compounds name 
Molecular 

Weight (g/mol) 
Log P 

Hydrogen Bond 

Donor 

Hydrogen 

bond acceptor 
Molar Refractory 

1 5-Hidroksi-3,7,4'-trimetoksiflavon 328 2,9 1 6 86,5 

2 Carvol 150 2,48 0 1 46,3 

3 Kaempferol 285 0,75 3 6 70,87 

4 Allopurinol 136 0,05 2 4 33,34 

 

 

Result of Molecular Docking and Visualization 

Based on the docking results in Table 4, it can be seen 

that there are several compounds with lower Binding 

energy (ΔG) and inhibition constant (Ki) values 

compared to the reference drug (allopurinol). 

Subsequently, 2 compounds were selected which have 

low Binding energy (ΔG) and inhibition constant (Ki) 
values and meet the toxicity, pharmacokinetics, and 

Lipinski’s test criteria, namely the compound 5-

Hydroxy-3,7,4'-trimethoxyflavone with a Binding energy 

value (ΔG) of -8.89 kcal/mol and an inhibition constant 

(Ki) of 306.54 nM, as well as the compound kaempferol 

with a Binding energy of -8.1 kcal/mol and Ki of 1.15 

µM. Subsequently, visualization was performed using the 

reference drug and these selected compounds. 
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Table 4, Molecular Docking Results. 

 

No Compounds name Binding energy (kcal/mol) Ki Run 

1 5-Hidroksi-3,7,4'-trimetoksiflavon -8,89 306,54 nM  23 

2 Carvol -7,22 5,09 uM 21 

3 Kaempferol -8,1 1,15 uM 70 

4 Allopurinol -5,83 53,39 µM  

 

 

(a) (b) (c)  
Figure 5 Visualization of the Interaction of Receptor 3NVW with compounds (a) Allopurinol, (b) 5-Hydroxy-3,7,4'-trimethoxyflavone, and (c) 

Kaempferol. 
 

 

 

In Figure 4 and Table 5, the visualization results show 

that the reference drug, allopurinol, forms hydrogen 

bonds with the amino acid residues ALA1079, ARG880, 

THR1010, and GLU1261. In the compound 5-Hydroxy-

3,7,4'-trimethoxyflavone, hydrogen bonds are formed 

with the amino acid residues ARG880, THR1010, 

PHE1009, and there are similarities with allopurinol, 

namely ARG880 and THR1010. Meanwhile, in the 

kaempferol compound, hydrogen bonds are formed with 

the amino acid residues ARG880, THR1010, VAL1011, 

GLU1261, PHE1009, and it shares 3 amino acid residues 

with allopurinol, namely ARG880, THR1010, and 

GLU1261. In addition to the amino acid residues 

involved in hydrogen bonds, there are also amino acid 

residues involved in hydrophobic bonds. In allopurinol, 

the amino acid residues that participate in hydrophobic 

bonding are PHE914 and ALA1078. In the compound 5-

Hydroxy-3,7,4'-trimethoxyflavone, the residues that 

contribute to hydrophobic bonding are ALA1078, 

ALA1079, PHE914, ALA910, LEU1014, LEU873, 

VAL1011, and has 2 amino acid residues that are the 

same as allopurinol, namely PHE914 and ALA1078. 

 
 

 

Table 5. Results of the visualization of the interaction bonds between 5-Hydroxy-3,7,4'-trimethoxyflavone, Kaempferol, and allopurinol towards the 

receptor. 

 

No Compounds name Hydrogen bond Hydrophobic bonds 

1 5-Hidroksi-3,7,4'-trimetoksiflavon ARG880, THR1010, PHE1009 
ALA1078, ALA1079, PHE914, ALA910, 

LEU1014, LEU873, VAL1011 

2 Kaempferol 
ARG880, THR1010, VAL1011, 

GLU1261, PHE1009 

ALA1078, ALA1079, PHE914, ALA910, 

LEU1014, LEU873 

3 Allopurinol ALA1079, ARG880, THR1010, GLU1261 PHE914, ALA1078, VAL1010 

 

 

Result of Molecular Dynamic Simulation 

The selected test compounds are 5-Hydroxy-3,7,4'-

trimethoxyflavone and kaempferol, along with the 

comparator drug (allopurinol), and will proceed to the 

molecular dynamics simulation stage using Desmond 

software. The result can be seen in Figure 5. 
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Figure 6. RMSD Value Graph of Allopurinol, 5-Hydroxy-3,7,4'-trimethoxyflavone and Kaempferol. 

 
 

Based on the figure 5 indicate an increase. The 

RMSD value for allopurinol starts stabilizing at 30-50 ns 

with an RMSD value of ± 2.7 Å, then fluctuates and 

stabilizes again from 60-80 ns with an RMSD value of ± 

3 Å, after which it fluctuates again and stabilizes at 93-

100 ns with an RMSD value of ± 3 Å. For the compound 

5-Hydroxy-3,7,4'-trimethoxyflavone, it starts stabilizing 

at 30-40 ns with an RMSD value of ± 2.3 Å, then 

fluctuates and stabilizes again from 44-58 ns with an 

RMSD value of ± 2.5 Å, fluctuates again, and stabilizes 

at 70-77 ns and 80-85 ns with an RMSD value of ± 2.4 

Å. For the kaempferol compound, it starts stabilizing at 

40-56 ns with an RMSD value of ± 1.9 Å, then fluctuates 

and stabilizes again at 57-64 ns with an RMSD value of 

± 1.8 Å, then fluctuates again and stabilizes at 95-100 ns 

with an RMSD value of ± 1.8 Å.  

 

 

 

 
Figure 7. RMSF values of Allopurinol, 5-Hydroxy-3,7,4'-trimethoxyflavone and Kaempferol. 

 

 

The Root Mean Square Fluctuation parameter or 

RMSF is analyzed to determine the fluctuations of ligand 

interactions with amino acids during the simulation15. 

Based on the RMSF analysis results in Figure 7, it can be 

seen that the fluctuations of the compounds Allopurinol, 
5-Hydroxy-3,7,4'-trimethoxyflavone, and Kaempferol 

show almost identical fluctuation movements. Based on 

the analysis results in Table 6, the compound 5-Hydroxy-

3,7,4'-trimethoxyflavone has 2 amino acid similarities 

with allopurinol as a comparison, which are GLU802 and 

SER876. Meanwhile, the compound kaempferol has 3 

amino acid similarities with allopurinol, namely 
THR1010, VAL1011, and ALA1078. 
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Table 6. Amino acids from molecular dynamics. 

 

No  Compounda name Molecular Dynamic Result 

1 5-Hidroksi-3,7,4'-trimetoksiflavon 
GLU802, SER876, PHE914, ARG880, ALA1079, SER1080, 

GLU1261 

2 Kaempferol 
ARG880, SER1008, THR1010, VAL1011, ALA1078, 

ALA1079, GLU1261 

3 Allopurinol GLU802, SER876, THR1010, VAL1011, LYS771, ALA1078 

 

 

Discussion 

Protein preparation with the aim of optimizing ligand-

receptor interactions by separating water molecules and 

standard ligands from the receptor. This separation of 

water molecules is performed to prevent the formation of 

hydrogen bonds between the ligand and water molecules. 

If the separation of water molecules is not carried out, the 

binding process will become increasingly complex, 

resulting in longer time requirements and the presence of 

one ligand will hinder other ligands from binding to the 

active site. Separation is also carried out on natural 

ligands present on the receptor to be used in the docking 

validation process.  

Based on the visualization results in Figure 2, it can 

be seen that the interaction of the 3NVW receptor has 

hydrogen bonds with the amino acid residues ARG880, 

THR 1010, and GLU 802. Meanwhile, there are 

hydrophobic bonds with the amino acid residues 

PHE914, ALA1078, ALA1079, and PHE1009.  Based on 

the overlay results in Figure 3b, it can be seen that the 

position of the natural ligand from redocking, which is 

turquoise in color, is similar to the position of the natural 

ligand in crystallography, which is red. 

Based on Table 2, it can be seen that there are 9 test 

compounds that passed the toxicity test. In the LD50 

parameter, all compounds are predicted to have a high 

LD50 value. In addition, for the parameter of 

hepatotoxicity, the compounds are not toxic to the liver. 

Furthermore, 9 test compounds and a comparator drug 

that passed the toxicity test were continued with 

pharmacokinetic testing. 

Protonation aims to adjust the pH of the test 

compound to the physiological pH of the human body, 

which is 7.4. Subsequently, conformation is carried out 

to maintain the position of the most stable molecule 

when interacting with the active site of the receptor. 

Toxicity testing on test compounds to observe the toxic 

effects of a substance on biological systems. In the LD50 

parameter, all compounds are predicted to have high 

LD50 values. According to (Thahara et al., 2022), the 

higher the LD50 value, the lower the toxicity, indicating 

that the compound is safe. 

In pharmacokinetic testing, ADME (Absorption, 

Distribution, Metabolism, and Excretion) was analyzed 

using the website 

https://preadmet.webservice.bmdrc.org/. The parameters 

observed included Human colon adenocarcinoma (Caco-

2), Human Intestinal Absorption (HIA), and Plasma 

Protein Binding (PPB). The results of the 

pharmacokinetic testing can be seen in Table 2 wich 

states that all test compounds have moderate 

permeability or the ability to penetrate the intestinal 

epithelial cell barrier moderately, has an HIA value 

between 70-100% which means it has a high absorption 

capability, A PPB value > 90% indicates an inactive 

nature. Meanwhile, the other 3 test compounds have 

values < 90%, which means they are loosely bound to 

plasma proteins, allowing them to act on the target and 

produce a biological response. 

Human colon adenocarcinoma (Caco-2) is a 

parameter that indicates permeability capability used to 

determine the transfer of drugs through intestinal 

epithelial cells derived from human colorectal 

adenocarcinoma with dual transport pathways in vitro 

(Chintha et al., 2020). Based on Table 2, it can be seen 

that all test compounds have moderate permeability or 

the ability to penetrate the intestinal epithelial cell barrier 

moderately. The administration of drugs can be 

challenging because the human digestive tract is very 

complex and has a number of physiological barriers that 

affect drug delivery. These challenges include poor drug 

solubility, poor drug stability, and low drug permeability 

across the mucosal barrier (Pasaribu, 2024). 

The Human Intestinal Absorption (HIA) parameter is 

used to predict the drug absorption process in the 

intestine by looking at the results of adding 

bioavailability to absorption, which is evaluated from the 

excretion ratio through bile, feces, and urine (Monikasari 

et al., 2023). Based on Table 3, it can be seen that all test 

compounds have HIA values between 70-100%, which 

means they have high absorption capacity. The Plasma 

Protein Binding (PPB) parameter shows the ability of 

compounds to bind to plasma proteins. Compounds that 

are strongly bound to plasma proteins will be inactive; 

only free and unbound drugs (free-bound) can act on 

targets, resulting in a biological response and can enter 

the elimination process (Rahmawaty et al., 2022). As 

seen in Table 2, 6 compounds have PPB values > 90%, 

meaning they are inactive. In contrast, the other 3 test 

compounds have values < 90%, which means they are 

free-bound to plasma proteins, allowing them to act on 

targets and produce a response. From the analysis of 

these three parameters, it can be concluded that the 3 test 

compounds have good pharmacokinetic properties in the 

body. 

The molecular weight parameter relates to the ability 

of a compound to cross biological membranes during the 

distribution process. Compounds with a molecular 
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weight <500 g/mol can easily penetrate biological 

membranes, while compounds with a molecular weight 

>500 g/mol will have difficulty crossing the cell 

membrane, thereby hindering the distribution process. 

The Log P parameter or Logarithm of the Partition 

Coefficient indicates a compound's ability to dissolve in 

biological fluids. A good Log P value is less than 5, as 

higher Log P values indicate greater hydrophobicity in 

the compound. Hydrophobic compounds are typically 

more toxic because they stay longer in the lipid bilayer 

and spread throughout the body, which reduces their 

ability to specifically bind to the intended target enzyme. 

On the other hand, a Log P value that is too low means 

the compound is more hydrophilic and may not be able 

to pass through the lipid bilayer effectively (Kelutur et 

al., 2020). 

The number of hydrogen bond donors and acceptors 

is related to the biological activity of a drug. The greater 

the number of hydrogen bonds, the higher the energy 

required for the absorption process to occur. The molar 

refractivity parameter is the total polarizability value of a 

drug compound, where non-polar compounds will form 

momentum that causes them to bind with receptors, 

whereas polar ones play a role in the elimination of 

metabolic residues from the body (Frimayanti et al., 

2021). According to Table 3, it can be seen that all tested 

compounds meet all of Lipinski’s parameters, so all 

tested compounds can be considered as candidates for 

oral drugs. The oral dosage forms include tablets, 

capsules, syrups, and lozenges (Nurhikma et al., 2024). 

Molecular Docking is the process of anchoring a 

molecule to a receptor through computer representation. 

The parameters analyzed from this process are the 

Binding energy (ΔG) and Inhibition constant (Ki) (Ikhlas 

et al., 2023). Binding energy and the inhibition constant 

are related to binding affinity. The lower the binding 

affinity, the less energy is required for the compound to 

bind or interact with the target receptor. A low free 

binding energy value indicates that the formed ligand-

protein binding complex will be more stable. If the 

ligand's binding to the receptor is more stable, it can be 

predicted that its activity will also be greater (Faqiha et 

al., 2022). The free binding energy value is related to the 

Ki value; the lower the free binding energy, the lower the 

Ki value (Fakih et al., 2021). A lower Ki value means a 

smaller concentration of molecules is required to inhibit 

the target receptor (Kartika & Ruswanto, 2021). 

This visualization is performed to understand the 

interactions that occur between ligands and receptors. 

The interactions analyzed are hydrogen bonds and 

hydrophobic interactions, as both types of bonds can 

influence the physicochemical properties of drugs and 

the stability of the conformation that occurs. Hydrogen 

bonds are bonds that occur between hydrogen atoms and 

N, O, or F atoms (Vinsiah & Fadhillah, 2018). Therefore, 

hydrogen bonds contribute to the affinity of a molecule 

for a target protein. If there are many hydrogen bonds 

accompanied by hydrophobic bonds, it can be said that 

the interaction between the ligand and receptor is a 

strong interaction. Hydrophobic bonds are interactions 

between amino acids on the ligand and receptor that help 

maintain the binding conformation (Zubair et al., 2020). 

Hydrophobic bonds combine polar areas of the drug 

molecule with polar areas of the biological receptor. 

Hydrophobic interactions can affect the stability of the 

bond between the compound and the receptor.  

In allopurinol, the amino acid residues that play a role 

in hydrophobic bonding are PHE914 and ALA1078. In 

the compound 5-Hydroxy-3,7,4'-trimethoxyflavone, the 

amino acid residues that contribute to hydrophobic 

bonding are ALA1078, ALA1079, PHE914, ALA910, 

LEU1014, LEU873, VAL1011, and it has 3 amino acid 

residues that are the same as allopurinol, namely 

ALA1078, PHE914, and VAL1011. In the kaempferol 

compound, the amino acid residues involved in 

hydrophobic bonding are ALA1078, ALA1079, PHE914, 

ALA910, LEU1014, LEU873, and it has 2 amino acid 

residues that are the same as allopurinol, which are 

PHE914 and ALA1078. The similarity in the amino acid 

residues of hydrogen bonds and hydrophobic bonds 

between the test compound and the comparator 

(allopurinol) indicates that the test compound has similar 

activity to allopurinol which is capable of inhibiting the 

activity of the enzyme xanthine oxidase (Dari, 2022). 

This RMSD analysis aims to compare how the 

position of the ligand-receptor complex changes over 

time during the simulation process. The RMSD results 

for the compounds betagirin and 3-Cyclohexene-1-

methanol along with allopurinol indicate an increase in 

RMSD values, which suggests that the protein structure 

has started to open and the ligand is beginning to search 

for a suitable binding location on the receptor (Muttaqin, 

2019). Based on the RMSD analysis results, the 

compound Kaempferol has more stable interactions 

compared to the compound 5-Hydroxy-3,7,4'-

trimethoxyflavone and allopurinol because it has a lower 

RMSD value and the stability of that compound tends to 

be more constant. 

The Root Mean Square Fluctuation parameter or 

RMSF is analyzed to determine the fluctuations of ligand 

interactions with amino acids during the simulation15. 

Based on the RMSF analysis results in Figure 7, it can be 

seen that the fluctuations of the compounds Allopurinol, 

5-Hydroxy-3,7,4'-trimethoxyflavone, and Kaempferol 

show almost identical fluctuation movements. In the 

compound 5-Hydroxy-3,7,4'-trimethoxyflavone, the 

amino acid residues that experienced the highest 

fluctuations were THR1319, GLY1320, and LYS1326, 

while the lowest fluctuations were observed in the amino 

acid residues ILE1001, ALA919, and ALA881. In the 

compound Kaempferol, the highest fluctuations occurred 

in the amino acid residues GLU1143, THR1144, and 

ASN1145, while the lowest fluctuations were seen in the 

amino acid residues CYS999, ILE1000, and ILE1001. 
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Conversely, in the reference drug Allopurinol, the 

highest fluctuations were observed in the amino acid 

residues PHE1142, GLU1143, and THR1144, while the 

lowest fluctuations occurred in the amino acid residues 

ILE1000, ILE1001, and ARG804. 

Amino acid residues with low fluctuation will have 

low flexibility and demonstrate more stable binding 

interactions, allowing them to play a role in the active 

site of ligand-receptor binding. Meanwhile, amino acid 

residues with high fluctuation will have high flexibility 

and show less stable interactions because the position of 

these amino acids undergoes many changes during 

dynamic molecular simulation (Mardianingrum et al., 

2021). Based on the analysis results, GLU802, ARG880, 

and THR1010 are important amino acid residues or 

constitute the binding active site in the xanthine oxidase 

receptor. Figure 6 shows that the residues GLU802, 

ARG880, and THR1010 have low fluctuation and do not 

exhibit high flexibility during the simulation process. 

Hence, it can be said that the test compound can provide 

activity as an antagonist against the xanthine oxidase 

receptor. 

The compatibility of amino acids with the 

comparative drug is one of the parameters in molecular 

dynamic studies. The more amino acids that match with 

the comparative drug, it can be assumed that the 

compound has an inhibitory ability that is almost the 

same or even better than that of the comparative drug 

(Frimayanti et al., 2021). In addition to the RMSD and 

RMSF plots, the stability of the compound is also 

supported by the interactions between the compound and 

the receptor. Based on the analysis results in Table 6, the 

compound 5-Hydroxy-3,7,4'-trimethoxyflavone has 2 

amino acid similarities with allopurinol as a comparison, 

which are GLU802 and SER876. Meanwhile, the 

compound kaempferol has 3 amino acid similarities with 

allopurinol, namely THR1010, VAL1011, and 

ALA1078. Based on this, the compound kaempferol has 

the potential to be a candidate for antihyperuricemia 

drugs and is assumed to be able to bind to receptors and 

be stable due to having many amino acid similarities with 

allopurinol as a comparative drug. 

 

 

CONCLUSION 
 

The compound with the most stable interaction from java 

cardamom (Wurfbania compacta) leaf with receptors that 

play a role in inhibiting xanthine oxidase enzyme in 

silico is the compound kaempferol with a Binding energy 

value of -8.1 kcal/mol and Ki 1.15 uM (micromolar). 

Kaempferol has a stable interaction based on RMSD and 

RMSF analysis and shares three amino acids with 

allopurinol, namely THR1010, VAL1011, and 

ALA1078, so it can be said to have potential as a 

candidate for antihyperuricemia drugs. Therefore, further 

research related to in vitro and in vivo tests needs to be 

carried out to determine the actual biological conditions 

that occur in the body before binding to the target 

receptor that causes hyperuricemia. 
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