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Abstract. Iron-overload can lead to organ damage by promoting free 
radical production.This study explores the potential inhibitory effects 
of compounds found in Phaleria macrocarpa fruit on non-transferrin-

bound iron uptake by targeting DMT1 and ZIP14 iron transporters 

through in-silico methods.The study utilized homology modeling to 

construct 3D structures of DMT1 and ZIP14. Validation of these 

models was carried out by assessing their sequence identity and 
analyzing their stereochemical quality using Ramachandran plots. 

Molecular docking was conducted using AutoDockTools. The 

coordinates for molecular docking were carefully chosen based on the 
iron binding-site locations as reported in previous literature. 

Interaction visualization was done using LigPlot+. Our findings 
indicate strong binding affinities of several compounds from Phaleria 

macrocarpa fruit with both DMT1 and ZIP14. Specifically, patuletin-7-

O-[6"-(2-methylbutyryl)]-glucoside, naringenin-4'-7-dimethyl ether, 

and 5,7,8,3',4'-pentamethoxyflavone demonstrated significant 

interaction with DMT-1, while 6'-O-galloyl-homoarbutin, patuletin-7-
O-[6"-(2-methylbutyryl)]-glucoside, and guanine exhibited high 
affinity for ZIP14. While the ethanol extract of Phaleria macrocarpa 

fruit shows promising interactions with key iron transporters 

implicated in iron overload, these in-silico predictions require further 
experimental validation to confirm their efficacy as inhibitors.  
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1. Introduction 
Iron is a critical mineral indispensable for myriad physiological processes in the human body, 

including, but not limited to, oxygen transport, energy production, as well as DNA synthesis and 
repair processes [1-2]. Not only iron deficiency can disrupt health, but also iron excess has been shown 

to cause damage to various organs, such as the heart and blood vessels, liver, and hematological 
system [3-4]. Iron overload conditions like this are common in patients with thalassemia and represent 

one of the main causes of mortality and poorer survival in these individuals [5-6]. In cases of 
thalassemia, iron overload occurs due to repeated blood transfusions and increased iron absorption in 

the intestine as compensation for ineffective erythropoiesis. On the other hand, the body lacks 
physiological mechanisms to excrete this excess iron, allowing its accumulation [7]. 

Both the function and toxicity of iron are related to its ability to participate in oxidation and 
reduction reactions, converting between the Fe2+ and Fe3+ forms [2][8]. Under normal physiological 

conditions, iron is not harmful because it is bound by various molecules, rendering it non-reactive in 
terms of redox activity. For example, iron circulates within the plasma bound to transferrin, facilitating 

its cellular uptake via endocytosis upon binding to transferrin receptor 1 (TFR1). However, in cases 
of iron overload, the plasma iron levels may exceed the binding capacity of transferrin, leading to the 

presence of iron not bound to transferrin, commonly referred to as "non-transferrin-bound iron" or 
"NTBI." This form of iron is characterized by its high redox activity and can induce oxidative damage 

to various cells and organs by generating reactive oxygen species (ROS) [2][9]. As reviewed by 
Nakamura et al., iron-mediated reactive oxygen species (ROS) are known to induce various types of 
cell death, including apoptosis, necroptosis, ferroptosis, and pyroptosis [10]. 

Research indicates that iron accumulation in thalassemia patients first occurs in the liver [11]. At 
the cellular level, the uptake of NTBI into cells is facilitated by one or more membrane proteins 

collectively referred to as NTBI transporters. Included among these are divalent metal transporter 1 
(DMT1) and ZRT/IRT-like protein 14 (ZIP14). DMT1 is the principal iron transporter in the 

duodenum, which also plays a role in transferrin-mediated iron transport [9]. Moreover, research by 
Shindo et al. demonstrates that DMT1 can also be expressed on the plasma membrane and plays a 

role in the cellular uptake of NTBI into hepatocytes through a pathway distinct from that mediated by 
transferrin [12]. Meanwhile the other NTBI transporter, ZIP14, is predominantly expressed in organs 

prone to iron accumulation, namely the liver, pancreas, and heart, where iron-related pathologies 
frequently manifest. These findings imply a significant role for ZIP14 in mediating NTBI uptake in 

these tissues [9]. The research conducted by Jenkitkasemwong et al. substantiates that ZIP14 is 
essential for the uptake of iron into hepatocytes and acts as a primary NTBI transporter in the liver, 

playing a crucial role in the development of iron overload conditions in cases of hemochromatosis[13]. 

To prevent iron accumulation, patients with thalassemia are treated with iron chelation therapy. 

Currently available iron chelators include deferoxamine, deferasirox, and deferiprone. However, the 
use of these iron chelators faces several challenges, including inconsistent availability, high cost, and 

side effects that ultimately affect patient compliance and treatment outcomes [14][15]. Therefore, there 
is a need for alternative therapies that can address these shortcomings. 

Currently, the use of natural substances for treating various diseases, including iron overload, has 
gained significant interest among researchers. One natural substance that has been studied and shown 

to reduce iron accumulation in plasma and organs, including the liver and heart, is Phaleria macrocarpa. 

The research shows promising results, with a significant reduction in both plasma and organ iron 

levels [16][17]. However, previous research has been more focused on the ability of the extract and its 

active compounds to chelate and remove iron from organs and the body. For example, previous 
studies have demonstrated that mangiferin, found in the ethanol extract of Phaleria macrocarpa fruit, 

exhibits iron-chelating activity. It has been shown to effectively reduce plasma iron levels and enhance 
its excretion in urine [18].  
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The involvement of transporters in the iron uptake process opens up the possibility that inhibiting 

iron transporters could be a strategic intervention to prevent iron entry and mitigate the consequences 
of iron overload [13]. To the best of our knowledge, there have been no studies investigating whether 

compounds present in the ethanol extract of Phaleria macrocarpa fruit can prevent iron accumulation 
in organs by inhibiting the iron transporters DMT1 and ZIP14, which are known to play a crucial role 

in mediating iron overload, especially in the liver. For this purpose, Computer-Aided Drug Discovery 
(CADD) methodologies can be employed to accelerate the drug discovery and development process, 

while also reducing costs and minimizing failure rates in the final stages. One of these methodologies 
includes molecular docking, which is a computerized approach used to study interactions between 

small molecules (ligands or drugs) and large molecules (proteins, enzymes, etc.). Docking various 
compounds from diverse databases can facilitate the screening of a large number of compounds to 

ultimately identify potential hits. Implementing molecular docking in natural product-based drug 
discovery can also help explain their traditional uses and identify other potential benefits of these 

natural products [19-20]. 
Based on the above description, in this research, we intend to conduct an in-silico exploration 

using molecular docking to investigate whether the active compounds in the ethanol extract of Phaleria 

macrocarpa fruit have alternative mechanisms for preventing iron overload by interacting with DMT-1 

and ZIP-14, the key NTBI transporters. Our hope is that these interactions could potentially inhibit 
NTBI uptake into the liver, thereby preventing further iron accumulation.  

 

2. Methods 

2.1. Homology Modeling and Validation of DMT-1 and ZIP-14 Structures 
The structures of the human DMT-1 and ZIP-14 proteins are not available in the Protein Data Bank 

(https://www.rcsb.org/). Therefore, it is necessary to model these proteins to obtain their 3D 
structures. The modeling was conducted using the homology modeling method via the SWISS-

MODEL website (https://swissmodel.expasy.org/). The amino acid sequences used for homology 
modeling were obtained from the NCBI website (https://www.ncbi.nlm.nih.gov/). The validity of 

the resulting models was evaluated based on sequence identity and Ramachandran plot analysis, using 
tools from SWISS-MODEL and the PROCHECK web server (https://www.ebi.ac.uk/thornton-

srv/software/PROCHECK/). Models deemed valid were downloaded in the .pdb format. 

 

2.2. Protein and Ligand Preparation 
Protein preparation was conducted using AutoDockTools version 1.5.7, which included removing 
water molecules, adding hydrogen atoms, and applying charges. Subsequently, the protein structure 

was saved in the .pdbqt format. The ligands used in this study were based on the results of 
phytochemical screening of ethanol extracts from Phaleria macrocarpa fruit from previous research 

(Table 1) [16]. The 3D structures of the test ligands were downloaded from PubChem 

(https://pubchem.ncbi.nlm.nih.gov/) and then converted to the .pdb format using MarvinSketch 
software. Further, the number of rotatable bonds was checked, and the structures were stored in the 

.pdbqt format using AutoDockTools version 1.5.7. 
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Table 1. Phytochemical Screening Results of Ethanol Extract of Phaleria macrocarpa Fruit[16] 

No. Active Compounds 

1. 6-Hydroxykaempferol-3-O-Glucoside 

2. Adenine 

3. Apigenin-7-O-Beta-D-Glucuronopyranoside 

4. Arecatannin A2 

5. Cirsimaritin 

6. Epigallocatechin-3-O-Gallate 

7. Evoxoidine 

8. Flazin 

9. Gardenin C 

10. Gardenin E 

11. Gentiatibetine 

12. Guanine 

13. Isomangiferin 

14. Isoschaftoside 

15. Kaempferol-7-O-Alpha-L-Arabinofuranoside 

16. Neomangiferin 

17. Patuletin-7-O-[6"-(2-Methylbutyryl)]-Glucoside 

18. Trigonelline 

19. Yuankanin 

20. 1,7-Dimethoxy-2,3-Methylenedioxyxanthone 

21. 5,7,8,3',4'-Pentamethoxyflavone 

22. 6'-O-Galloyl-Homoarbutin 

23. Acacetin-7-O-(6"-O-Acetyl)-Beta-D-Glucopyranoside 

24. Eupafolin 

25. Kaempferol-3-O-Alpha-L-Arabinoside 

26. Khellol-Beta-D-Glucoside 

27. Naringenin-4'-7-Dimethyl Ether 

28. Taxifolin-3-O-Beta-D-Glucopyranoside 

29. Wogonoside 

 

2.3 Determination of Binding Site Locations for DMT-1 and ZIP-14 Proteins 
To date, no 3D structures of human DMT-1 and ZIP-14 proteins, either uncomplexed or complexed 

with a native ligand, are available in the Protein Data Bank. Therefore, the binding site locations have 
been identified through literature review. DMT-1 is known to possess a substrate binding site in the 

central region of the protein. This site is formed by the amino acid residues aspartate and asparagine 

located on α-helix 1 and the amino acid residue methionine on α-helix 6, which acts as a soft ligand 

capable of coordinating with transition metal ions [21- 22].  

According to the study by Anantram et al., the key amino acid residues involved in iron binding 
within the human DMT-1 model include Val263, Thr112, Leu118, Val114, Leu304, His267, Asp86, 
Asn89, and Met265 [22]. Meanwhile, the metal binding site of ZIP-14 is known to be located within 

the intramembrane region, forming a pore structure. The motif EEXPHEXGD in ZIP-14 is recognized 
as crucial for the metal transport process. Research by Dawson, using a homology modeling approach, 
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predicts that the key amino acid residues involved in the metal binding site of human ZIP-14 protein 

are Glu376, Glu377, His380, His347, Asn348, and Asp351 [23]. Subsequently, the locations of these 
amino acid residues are used as references for manually determining the coordinates for molecular 

docking by adjusting the grid box to encompass all the amino acid residues involved in iron binding 
and transport. 

 

2.4 Molecular Docking and Interaction Visualization 
Molecular docking was performed using AutoDockTools-1.5.7 software. The grid box size was set to 
60x60x60, except for the test ligand Arecatannin, which used an 80x80x80 grid box due to its larger 

molecular size. The x, y, z coordinates were adjusted based on the binding site location as reported in 
the literature. Docking parameters followed the default settings of the application. The binding energy 

between the ligand and the protein was recorded in a table and sorted from the lowest to the highest 
values. Visualization of interactions was carried out using LigPlot+ software version 2.2. The amino 

acid residues interacting with the ligand were then recorded in a table. The complete methodology 
employed in this study is concisely summarized in Figure 1. 

 

 
Figure 1. Schematic Diagram for the Homology Modelling and Molecular Docking Process 
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3. Results and Discussion 

3.1 Homology Modeling and Validation of DMT-1 and ZIP-14 Structures 
Three-dimensional structures of the DMT-1 and ZIP-14 proteins for molecular docking procedures 

were obtained through homology modeling. The resulting DMT-1 model (Figure 2a) has a sequence 
identity of 98.91% with the template. The Ramachandran plot analysis shows that 90.7% of the amino 

acid residues are in the most favored region, 7.6% in the additional allowed region, 0.6% in the 
generously allowed region, and 1% in the disallowed region (Figure 2b). Meanwhile, the generated 

ZIP-14 model (Figure 3a) has a sequence identity of 95.14% with the template. The Ramachandran 
plot analysis indicates that 84.4% of the amino acid residues are in the most favored region, 13.3% in 

the additional allowed region, 1.7% in the generously allowed region, and 0.7% in the disallowed 
region (Figure 3b). 

  

 
Figure 2. Visualization of the DMT-1 Model Predicted by SwissModel (a) and Structure 

Validation of DMT-1 Using the Ramachandran Plot (b) 
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Figure 3. Visualization of the ZIP-14 Model Predicted by SwissModel (a) and Structure 

Validation of ZIP-14 Using the Ramachandran Plot (b) 

 
Homology modeling is a method used to predict the 3D structures of proteins based on their amino 

acid sequences, utilizing knowledge gained from structurally similar proteins. This approach relies on 
two fundamental principles: the primary sequence of amino acids determines the protein's 3D 

structure, and the 3D structure of a protein is conserved in relation to its primary sequence [20][24-
25]. Homology modeling is applicable to protein targets with a sequence identity above 25% [25].The 

DMT-1 and ZIP-14 models used in this study have high sequence identities relative to their templates, 
at 98.91% for DMT-1 and 95.14% for ZIP-14, thereby exceeding the required cut-off value for reliable 

modeling. 
While the models satisfy the criteria for sequence identity, it is imperative to further evaluate the 

validity of models produced via homology modeling. The Ramachandran plot can serve this purpose. 

The Ramachandran plot analyzes the backbone dihedral angles ϕ (phi) and ψ (psi), which describe 

the rotations of the N—Cα and Cα—C bonds in the polypeptide chain, respectively. These torsion 

angles dictate the conformation of each residue and the peptide chain. However, certain combinations 
of these angles can cause atoms to come into close contact, resulting in steric clashes. The 

Ramachandran plot identifies the permissible torsional angles of the peptide backbone, thereby 
evaluating the quality of the protein model [26].  

A high-quality model should exhibit a distribution where a significant proportion of amino acid 
residues (at least 90%) are located within the favorable and allowed regions [27-28]. The 

Ramachandran plot analysis for the models of DMT-1 and ZIP-14 used in this study indicates that 
more than 90% of the amino acid residues are located in the most favorable and allowed regions. In 

other words, the DMT-1 and ZIP-14 models obtained from homology modeling demonstrate 
structurally plausible and high-quality conformations, making them suitable for subsequent molecular 

docking processes. 
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3.2 Binding-Site Location and Molecular Docking Coordinates 
Figure 4 illustrates the location of the amino acid residues involved in the iron binding and transport 

processes in the DMT-1 protein as identified from the literature (a), along with the position of the 
gridbox that will be used for molecular docking (b). The coordinates x, y, z for the molecular docking 

of the DMT-1 protein is -3.455, 2.041, and 3.070, respectively. Figure 5 illustrates the location of the 
amino acid residues involved in the iron binding and transport processes in the ZIP-14 protein as 

identified from the literature (a), along with the position of the grid box that will be used for molecular 
docking (b). The coordinates x, y, z for the molecular docking of the ZIP-14 protein is -3.115, 4.585, 

and 5.610. 

 
Figure 4. Location of amino acid residues for iron binding (a) and gridbox (b) for 

molecular docking of the DMT-1 protein. 
 

 
Figure 5. Location of amino acid residues for iron binding (a) and gridbox (b) for 

molecular docking of the ZIP-14 protein. 
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3.3 Molecular Docking, Analysis, and Visualization of Protein-Ligand Interaction 
The binding energies between the proteins DMT-1 and ZIP-14 with each ligand are listed in Tables 2 

and 3. According to Table 2, the three active compounds from the ethanol extract of Phaleria 

macrocarpa fruit showing the lowest binding energies with DMT-1 are patuletin-7-O-[6"-(2-

methylbutyryl)]-glucoside, naringenin-4'-7-dimethyl ether, and 5,7,8,3',4'-pentamethoxyflavone, with 
binding energy values of -6.00 kcal/mol, -5.58 kcal/mol, and -5.35 kcal/mol respectively. As per Table 

3, the three active compounds from the ethanol extract of Phaleria macrocarpa fruit showing the lowest 

binding energies with ZIP-14 are 6'-O-galloyl-homoarbutin, patuletin-7-O-[6"-(2-methylbutyryl)]-
glucoside and guanine, with binding energy values of -8.11 kcal/mol, -6.98 kcal/mol, and -6.47 

kcal/mol respectively.  

 

Table 2. Molecular Docking Results for DMT-1 Protein with Active Constituents of Ethanol Extract 
of Phaleria macrocarpa Fruit  

No. Ligands 
Binding Energy 

(kcal/mol) 

1. Patuletin-7-O-[6"-(2-methylbutyryl)]-glucoside -6.00 
2. Naringenin-4'-7-dimethyl ether -5.58 

3. 5,7,8,3',4'-pentamethoxyflavone -5.35 
4. 6'-O-galloyl-homoarbutin -5.20 
5. 1,7-dimethoxy-2,3-methylenedioxyxanthone -4.72 

6. Cirsimaritin -4.56 
7. Gentiatibetine -4.49 

8. Evoxoidine -4.47 
9. Kaempferol-7-O-alpha-L-arabinofuranoside -4.35 

10. Adenine -4.09 
11. Gardenin c -4.02 

12. Gardenin e -3.93 
13. Eupafolin -3.84 

14. Flazin -3.67 
15. Trigonelline -3.65 

16. Guanine -3.35 
17. Isomangiferin -1.72 

18. Kaempferol-3-O-alpha-L-arabinoside -1.44 
19. Khellol-beta-D-glucoside -0.44 

20. Wogonoside +0.57 
21. Taxifolin-3-o-beta-d-glucopyranoside +0.79 

22. Apigenin-7-O-beta-D-glucuronopyranoside +3.38 
23. 6-hydroxykaempferol-3-o-glucoside +6.91 

24. Acacetin-7-O-(6"-O-acetyl)-beta-D-glucopyranoside +7.81 
25. Epigallocatechin-3-O-gallate +9.53 

26. Yuankanin +14.45 
27. Arecatannin A2  +15.78 

28. Isoschaftoside +72.04 
29. Neomangiferin +73.61 
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Table 3. Molecular Docking Results for ZIP-14 Protein with Active Constituents of Ethanol Extract 
of Phaleria macrocarpa Fruit  

No. Ligands 
Binding Energy 

(kcal/mol) 

1. 6'-O-galloyl-homoarbutin -8.11 
2. Patuletin-7-O-[6"-(2-methylbutyryl)]-glucoside -6.98 

3. Guanine -6.47 
4. 1,7-dimethoxy-2,3-methylenedioxyxanthone -6.10 

5. Naringenin-4'-7-dimethyl ether -6.08 
6. Arecatannin A2  -5.99 

7. Acacetin-7-O-(6"-O-acetyl)-beta-D-glucopyranoside -5.73 
8. Eupafolin -5.61 

9. Kaempferol-7-O-alpha-L-arabinofuranoside -5.45 
10. Evoxoidine -5.44 

11. Cirsimaritin -5.37 
12. Khellol-beta-D-glucoside -5.32 

13. 5,7,8,3',4'-pentamethoxyflavone -5.28 
14. Gardenin e -4.98 

15. Gentiatibetine -4.86 
16. Kaempferol-3-O-alpha-L-arabinoside -4.76 

17. Isomangiferin -4.74 
18. Flazin -4.68 

19. Epigallocatechin-3-O-gallate -4.25 
20. Adenine -4.11 

21. Wogonoside -3.63 
22. Gardenin c -3.53 

23. 6-hydroxykaempferol-3-o-glucoside -3.05 
24. Taxifolin-3-o-beta-d-glucopyranoside -2.73 

25. Trigonelline -2.48 
26. Apigenin-7-O-beta-D-glucuronopyranoside -2.01 
27. Yuankanin -0.73 

28. Neomangiferin +3.40 
29. Isoschaftoside +7.97 

 

Analysis and visualization of interactions were conducted on the three ligand-protein complexes 
with the lowest binding energies. The complexes analyzed include the DMT-1 complex with patuletin-

7-O-[6"-(2-methylbutyryl)]-glucoside, naringenin-4'-7-dimethyl ether, and 5,7,8,3',4'-
pentamethoxyflavone (Figure 6), as well as the ZIP-14 complex with 6'-O-galloyl-homoarbutin, 

patuletin-7-O-[6"-(2-methylbutyryl)]-glucoside, and guanine (Figure 7). The amino acid residues 
involved in the ligand-protein interactions are listed in Tables 4 and 5. 

The interactions between DMT-1 amino acid residues and the selected test compounds (patuletin-
7-O-[6"-(2-methylbutyryl)]-glucoside, naringenin-4'-7-dimethyl ether, and 5,7,8,3',4'-

pentamethoxyflavone) consist solely of hydrophobic interactions, with no hydrogen bonds present. 
On the other hand, the interactions between ZIP-14 amino acid residues and 6'-O-galloyl-homoarbutin 

and patuletin-7-O-[6"-(2-methylbutyryl)]-glucoside involve a single hydrogen bond, while interactions 
with guanine include three hydrogen bonds, with the remainder being hydrophobic interactions. 
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Figure 6. Interaction Visualizations between DMT-1 and patuletin-7-O-[6"-(2-methylbutyryl)]-

glucoside (a), naringenin-4'-7-dimethyl ether (b), and 5,7,8,3',4'-pentamethoxyflavone (c). 
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Figure 7. Interaction Visualizations between ZIP-14 and 6'-O-galloyl-homoarbutin (a), patuletin-7-O-

[6"-(2-methylbutyryl)]-glucoside (b), and guanine (c). 
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Table 4. Amino Acid Residues Involved in Ligand-Protein Interactions with DMT-1 

No. Patuletin-7-O-[6"-(2-
methylbutyryl)]-glucoside 

Naringenin-4'-7-
dimethyl ether 

5,7,8,3',4'-
Pentamethoxyflavone 

1. Ile107 Leu110 Ile107 

2. Leu110 Val114 Leu110 
3. Ala111 Leu117 Ala111 

4. Val114 Leu118 Val114 
5. Leu117 Val260 Leu117 

6. Val260 Trp476 Val260 
7. Trp476 Ala479 Ile264 

8. Ala479 Leu483 Trp476 
9. Leu483 Ile486 Ala479 

10. Ile486 - Leu483 
11. - - Ile486 

12. - - Ile490 

 

Table 5. Amino Acid Residues Involved in Ligand-Protein Interactions with ZIP-14 

No. 6'-O-galloyl-homoarbutin 
Patuletin-7-O-[6"-(2-

methylbutyryl)]-glucoside 
Guanine 

1 Ile340 Leu187 Asp344 

2 Ser343 Ile191 Ser343* 
3 Asp344* Ile340 His347* 

4 His347 Ser343 His380 
5 Pro379 Asp344* Asp384* 

6 His380 Pro379 Asp443 
7 Gly383 His380 - 

8 Asp384 Gly383 - 
9 Ile387 Asp384 - 

10 Met435 Ile387 - 
11 Tyr438 Met444 - 

12 Ile439 Glu446 - 
13 Asp443 - - 

14 Glu446 - - 

Note: *Hydrogen bonds 

 
The interaction between the ligands and target proteins (DMT1 and ZIP14) was analyzed using a 

molecular docking approach. This method estimates the ligand’s binding affinity to form a stable 
complex with the protein by determining the preferred orientation that minimizes the free binding 

energy [20]. Negative binding energy (ΔE) indicates that the complex formation process involves the 
release of energy, thereby demonstrating stability. In other words, the lower the binding energy, the 

higher the affinity and stability of the ligand-protein complex [29-30]. Generally, a binding energy 
lower than -5.00 kcal/mol indicates a strong affinity between the ligand and the protein [31]. The 

results of molecular docking of active compounds from the ethanol extract of Phaleria macrocarpa fruit 

in this study indicate that four compounds were able to interact with DMT-1 and fourteen compounds 
were able to interact with ZIP-14, each with a binding energy below -5.00 kcal/mol. 

Hydrogen bonds are essential for molecular recognition and binding specificity in docking 
processes. They contribute to the stabilization of protein-ligand complexes by forming strong and 
directional interactions [32-33]. The increase in such directional interactions enhances binding 
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specificity, thereby improving a compound's selectivity towards its target [34]. Conversely, 

hydrophobic interactions, which are non-covalent bonds resulting from the interaction of non-polar 
molecules, contribute to the high affinity of compounds and provide attractive forces that stabilize the 

complex [34]. In this research, we performed an interaction analysis between each protein and the top 
three compounds identified based on their minimal binding energies. The analysis revealed that the 

interactions of DMT-1 with the top three active compounds from the ethanol extract of Phaleria 

macrocarpa comprised exclusively hydrophobic interactions. Conversely, the interactions with ZIP-14 

included at least one hydrogen bond.  
The results of the interaction analysis suggest that the active compounds from the ethanol extract 

of Phaleria macrocarpa fruit demonstrates more favorable interactions with ZIP14 compared to DMT1. 

This is indicated by a greater number of compounds capable of interacting with lower binding energies 
and the presence of hydrogen bonds. This finding is favorable, as research indicates that ZIP-14 plays 
a more significant role in causing iron overload, whereas DMT-1 has a minor role [13]. Therefore, 

inhibiting ZIP-14 is likely to have a more substantial impact on preventing iron overload in organs, 
particularly the liver. Overall, these findings suggest that the ethanol extract of Phaleria macrocarpa fruit 

may have an alternative mechanism for reducing iron accumulation in the liver by interacting with 

iron transporters, potentially exerting an inhibitory effect. 

 

4. Conclusion 
The in-silico results of this study indicate that various active compounds from the ethanol extract of 
Phaleria macrocarpa fruit can interact with DMT-1 and ZIP-14, which are iron transporters involved in 

the pathogenesis of iron-overload. The choice of docking coordinates was based on literature 

indicating an inhibitory effect upon ligand binding at these sites. Consequently, interactions between 
the active compounds of the ethanol extract of Phaleria macrocarpa and DMT-1 and ZIP-14 are 

expected to induce inhibitory effects that could prevent iron-overload. However, it is important to note 
that molecular docking only provides information on the binding affinity of a ligand at a protein’s 

binding site. Conclusions about whether the ligand acts as an agonist or inhibitor can only be validated 
through bioassays. 

Another limitation of the molecular docking performed in this study is the assumption that 
proteins are rigid, except for certain amino acid residues. In reality, when ligands and proteins interact, 

both adjust their conformations to each other. Therefore, it is recommended that research continues 
to the stage of molecular dynamics simulations, which more closely resemble actual conditions. These 

simulations will predict the movement of atoms over time based on the general principles of physics 
governing inter-atomic interactions, thus providing insights into conformational changes and ligand 

binding dynamics. 
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