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Abstract

Background: The treatment of Hemophilia A remains chalenging, primarily the risk of
inhibitor development and the high cost of recombinant Factor VIII treatment, necessitating the
development of adjuvant therapeutic agents to enhance its effectiveness. This situation necessitates
innovation in the form of developing adjunctive therapeutic agents aimed at improving the
effectiveness and outcomes of existing therapies. Methodology: To address this need, this study

was designed using an in silico virtual screening method with PyRx sofiware and AutoDock
Vina. All stages were conducted computationally, followed by molecular docking simulations to

map the interactions and binding affinities between candidate compounds and the predetermined
molecular target, von Willebrand factor Domain A3, in order to identify the most promising

candidate compounds. Findings: The study successfully identified two compounds, namely

Kaempferol and Phenolic acid, which showed the strongest interaction and the best stability

profile against the von Willebrand factor A3 domain. The binding free energy (AG) value for
Kaempferol was -7.9 kcal/mol and for Phenolic acid -4.4 kcal/mol, with a stability value
(RMSD) of 0.0 A for both compounds. The affinity value of Kaempferol is better than that of the
reference compound (Coumarin, AG = -5.9 kcal/mol), while Phenolic Acid shows a low value.

This strong binding affinity indicates the potential of both compounds in stabilizing the
interaction of Factor VIII with the A3 domain of von Willebrand factor, which can support
hemostatic function. These findings concluded that Kaempferol and Phenolic Acid are worthy of
Sfurther development as candidate adjunct therapies for Hemophilia A. Therefore, further studies
are highly recommended to validate these findings through molecular dynamics simulations, in

vitro and in vivo tests to confirm the biological activity and pharmacokinetic (ADME) profile of
these compounds. Contribution: This study introduces the bioactive compounds Kaempferol
and Phenolic acid from Biwa leaves as new candidates for modulating the A3 domain of von

Willebrand factor, offering a potential and largely unexplored adjunctive strategy in Hemophilia

A treatment.

Keywords: A3 Domain of von Willebrand Factor; Biwa Bioactive Compounds, Eriobotrya
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INTRODUCTION

Hemophilia A is a bleeding disorder caused by a deficiency of Factor VIII in the blood.
Recent data shows that the number of hemophilia A patients recorded globally is still
far from the actual estimate, with the World Federation of Hemophilia reporting only
about 22% of the total estimated number of patients recorded on 2022
(Coffin et al., 2024). This phenomenon of underdiagnosis, coupled with the high cost
and availability of conventional therapies, reinforces the urgency of finding more
affordable = and  effective  alternative @ or  complementary  therapies.
Darman & Bahraen (2023) revealed a global estimate of 400,000 people with
hemophilia. In Indonesia, the Himpunan Masyarakat Hemofilia Indonesia (HMHI)
recorded 2,098 patients by the end of 2018. This figure is thought to represent only
10% of the actual estimate. The actual number is estimated to be between 20,000 and
25,000 cases. According to Putri & Devi (2022), hemophilia is classified based on
severity. The classification is divided into mild, moderate, and severe. The severity
level is determined by residual factor activity. Mild hemophilia (5-40% activity)
generally triggers post traumatic/major surgical bleeding. Moderate hemophilia (1-
<5%) causes sporadic spontaneous bleeding. Severe hemophilia (<1%) is characterized
by spontaneous intra articular or intramuscular bleeding.

The debate regarding plasma-derived Factor VIII versus recombinant Factor
VIII as a therapeutic source began around the turn of the millennium. Clinicians were
particularly concerned that recombinant Factor VIII might be more immunogenic than
plasma-derived Factor VIII in previously untreated patients, prompting
discussions about long term safety, product selection, and clinical trial design
(Oldenburg et al., 2015). Therefore, the search for natural compounds that can support
adjunctive therapy for hemophilia A has become an attractive alternative to develop.
Biwa leaves (Eriobotrya japonica) are known to contain various active compounds, such
as flavonoids, triterpenoids, and phenolic acid, which have the potential to have
procoagulant effects (Sagar et al., 2020). Several flavonoid compounds, such as
quercitrin and kaempferol, have been reported to have broad biological activities,
including in the modulation of blood clotting processes (Chen & Chen, 2013). This
makes biwa leaves a promising source of natural compounds for development as an
adjunct therapy for hemophilia A. Although previous studies have identified various
bioactive compounds from plants, studies specifically evaluating the potential of
compounds from biwa leaves (Eriobotrya japonica) on A3 Domain of von Willebrand
Factor as an adjunct therapy for hemophilia A are still limited.

In the hemostasis system, von Willebrand Factor (vWF) plays a crucial role in
protecting Factor VIII from degradation and aiding platelet adhesion to damaged
blood vessels (Pipe et al., 2016). Domain A3 holds a central role as a critical locus in
interaction and stabilization. Recent research using molecular docking and dynamic
simulations has successfully mapped key residues in Domain A3. The A3 domain side
of von Willebrand Factor, which binds directly to FVIII, is a potential target for
modulating FVIII activity. Based on this understanding, in silico docking studies are
now directed at screening small compounds or peptides that can stabilize this
interaction with higher binding affinity as a long lasting therapeutic strategy
(Jacquemin et al., 2003).
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Using molecular docking, researchers can computationally predict interactions
between active compounds and target proteins before conducting experimental tests.
Molecular docking is an important in silico approach for predicting inteactions
between small molecules or ligands and target proteins. In the context of hemophilia
A, this method allows the identification of compounds that can bind to the A3 Domain
of von Willebrand Factor, thereby potentially increasing FVIII stability and supporting
hemostatic function (Desai et al., 2022).

This study aims to identify bioactive compounds in Biwa leaves that have
potential as therapeutic candidates, evaluated through molecular docking simulations
against the A3 Domain von Willebrand Factor (PDB: 1A03) to investigate the
possible interactions between these compounds and the target protein. This study is
expected to contribute to the discovery of new natural compound candidates as
adjunctive therapies for Hemophilia A through the modulation of the A3 Domain von
Willebrand Factor.

METHOD

This research was conducted from July to August 2025. The tools used included
a Zyrex Notebook Kintamani series laptop with an AMD APU A9-9400 dual-core
processor with 4 GB DDR4 memory, as well as a number of supporting software such
as PubChem, PASS Online, ProTox-3.0, SwissADME, STRING-db, PyMol, PyRx
equipped with Autodock Vina, and Protein Plus. The research materials included the
three dimensional structures of active compounds from biwa leaves: Triterpenoids,
Phenolic acid, Quercitrin, Kaempferol, and Neohesperidoside, along with the
comparative compound Coumarin. These candidate compounds were selected based
on a literature review reporting the content of these compounds in Biwa leaves
(Eriobotrya japonica). Compound structures were obtained from the PubChem database
and target macromolecular structures were prepared using Swiss Target Prediction.

Ligand Preparation

The initial stage of the procedure involved the preparation and characterization
of bioactive compounds through the download of 3D structures from PubChem in
* sdf format, which were then analyzed for biological activity using PASS Online,
toxicity using ProTox 3.0, and suitability as drug candidates based on Lipinski's rules
using SwissADME.

Target Protein Preparation

The structure of the A3 Domian of von Willebrand Factor was downloaded
from the Protein Data Bank (PDB). Protein preparation involved structure purification
by removing all water molecules (H,O) and irrelevant ions using PyMol software.

Docking Protocol

Molecular docking simulations were performed using PyRx software integrated
with AutoDock Vina. All ligands were converted to *.pdb format. The binding site was
determined based on literature identifying the natural binding location of Factor VIII
on the A3 Domain of von Willebrand Factor. The grid box was set with dimensions
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of 20A x 20A x 20A and centered at coordinates (x = 10.5A, y = -2.3A, z = 15.8A) to
cover the entire potential binding site (Trott & Olson, 2010).

Validation

The docking method was validated by redocking a known standard compound
that binds to the A3 Domain of von Willebrand Factor. Validation was considered
successful if the Root Mean Square Deviation (RMSD) between the redocked pose and
the reference protein structure was less than 2.0 A.

RESULTS AND DISCUSSION

Target Protein Energy Value

This study analyzed molecular docking results through binding affinity and
RMSD values. Binding affinity measures the strength of the bond between the drug
and the receptor. A more negative binding affinity value indicates a stronger ligand
affinity to the receptor, while a more positive value indicates a weaker affinity
(Nugroho & Fauzi, 2024).

Kaempferol emerged as the most promising candidate because it combines
strong binding affinity (-7.9 kcal/mol and RMSD 0.0 A) with a good drug suitability
profile with a TPSA value of 111.13 A2 Phenolic acid has moderate affinity
(-4.4 kcal/mol and RMSD 0.0 A) but low TPSA (20.23 A2) and meet Lipinski's rules,
making it potentially highly suitable for oral administration. Quercitrin and
Triterpenoid show very strong affinity but have oral development constraints.
Quercitrin has a large TPSA value of 190.28 A? and violates Lipinski's rules, while
Triterpenoid has a Molecular Weight >500 g/mol. Neohesperidoside has a similar
pattern to Quercitrin, with strong affinity but high TPSA and violates Lipinski's rules.
Coumarin as a control, has moderate affinity (-5.9 kcal/mol) and a good suitability
profile.

Coumarin

The results of testing the binding energy values of target proteins on Coumarin
compounds are as follows on table 1. Based on the test results, the affinity energy
between the coumarin compound and A3 Domain of Von Willebrand Factor
(PDB: 1A03) has a binding affinity value between -5.9 and -5.6 kcal/mol to the target
protein A3 Domain of von Willebrand Factor. The best interaction is shown at an
energy of -5.9 kcal/mol with an RMSD of 0.0 A, indicating a stable ligand position.
In contrast, the energy of -5.6 kcal/mol shows a weaker interaction with an RMSD of
upto 7.638 A, indicating a large and less stable shift in the ligand position. At an energy
of -5.7 kcal/mol, conformational variations were still found with an RMSD of around
2-3 A, which was relatively stable compared to other conformations. Thus, coumarin
at an energy of -5.9 kcal/mol was the most stable and strongest conformation in
interacting with the target protein.
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Table 1. Coumarin binding energy values on the A3 Domain of vWF (PDB: 1AO3)

Binding Affinity RMSD/Ib RMSD/ub

(kcal/mol) (A) (A)
-5.9 0.0 0.0
-5.8 4.43 4,708
-5.7 3,113 3,808
-5.7 3,661 4,692
-5.7 2,565 2,997
-5.7 8,103 8,402
-5.6 3,495 4,411
-5.6 3,467 3,804
-5.6 7,447 7,638

Coumarin, as the control compound in this study, showed stable binding affinity
values with hydrogen interactions at specific residues of the coagulation protein
domain. This interaction pattern is consistent with the known properties of coumarin,
which has anticoagulant activity through vitamin K antagonism and modulation of
the coagulation pathway. Lu et al., (2022) reports that coumarin derivatives can inhibit
ADP induced platelet activation, supporting the interpretation that coumarin does
indeed play a direct role in the hemostasis system. Additionally, an in silico study by
Verawati et al., (2024) shows that coumarin and its derivatives have good binding
affinity to target proteins through hydrogen and hydrophobic interactions. This
reinforces the research findings that coumarin can serve as a relevant control
compound, both biologically and pharmacologically in docking simulations against
coagulation protein domains.

Triterpenoid

The results of testing the binding energy values of target proteins on
Triterpenoid compounds are as follows on table 2. Based on the test results, the affinity
energy between the triterpenoid compound and A3 Domain of von Willebrand Factor
(PDB: 1A03) shows a value of -8.7 kcal/mol, indicating a strong bond affinity. RMSD
analysis shows that in the best conformation (RMSD/ub = 0 A and RMSD/Ib = 0 A),
the interaction between triterpenoid and domain A3 is very stable, indicating an
optimal binding position. Other variations with higher RMSD, such as
4.035 A/2.673 A, are still considered stable although not as optimal as the first pose.
Conversely, conformations with very high RMSD, for example >20 A, show weak
bonds and are biologically irrelevant. Therefore, these poses are considered
biologically irrelevant and are not used as a basis for assessing procoagulant potential.
Thus, only poses with low RMSD are worthy of interpretation.

Research Rosyid et al., (2016) on bengle rhizomes (Zingiber cassumunar)
successfully isolated triterpenoid compounds with significant antibacterial activity,
proving that this group of compounds plays an important role in biological interactions
through hydrophobic bonding mechanisms. This supports the docking results that
triterpenoids from biwa leaves can stabilize target protein bonds. Triterpenoid
compounds, which are commonly found in various Indonesian medicinal plants, are
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reported to have a spectrum of biological activities, including modulation of cellular
processes through anti inflammatory effects and membrane stabilization.

Table 2. Triterpenoid binding energy values on the A3 Domain of vWF (PDB: 1AO3)

Binding Affinity RMSD/1b RMSD/ub

(kcal/mol) (A) (A)
-8.7 0.0 0.0
8.1 18,082 21,265
-7.6 2,673 4,035
-7.4 9,132 15,062
-7.2 3,906 8,925
-7.1 21,358 25,806
-7.0 20,773 2.58
-6.9 22,371 25,198
-6.9 4,861 9,126

Phenolic Acid

The results of testing the binding energy values of target proteins on Phenolic
acid compounds are as follows on table 3. The docking test results show that phenolic
acid compounds have binding affinity values ranging from -4.4 to -3.9 kcal/mol to the
target protein Domain A3 von Willebrand factor (PDB: 1AQO3). The best interaction
is shown at a value of -4.4 kcal/mol with RMSD/ub and RMSD/Ib = 0.0 A. The
RMSD value of 0.0 A in this best pose indicates that the docking pose is identical to
the pose used as the initial reference in the simulation, indicating consistency in finding
the optimal binding pose. However, long-term biological stability needs to be
confirmed by molecular dynamics simulations. Conversely, the value of -3.9 kcal/mol
shows a high RMSD (>33 A), resulting in a weak and un ly stable interaction. In other
variations, such as -4.3 kcal/mol, stable conformations with low RMSD were still
found, although there were also poses with large shifts. Thus, phenolic acid have the
potential to bind well to target proteins, especially in conformations with the lowest
energy of -4.4 kcal/mol and low RMSD.

Table 3. Phenolic acid binding energy values on the A3 Domain of vWF (PDB: 1A03)

Binding Affinity RMSD/1b RMSD/ub

(kcal/mol) A) (A)
4.4 0.0 0.0
4.3 1,246 1,962
4.3 22,363 22,807
4.1 29,148 29,853
-4.0 29,316 30,303
-4.0 29,806 30,796
-4.0 29,264 30,276
-3.9 33,298 33,477
-3.9 32,979 33,201

Phenolic acid are simple aromatic compounds that have one hydroxyl group
(-OH) on the benzene ring. The hydroxyl group can act as a hydrogen bond donor or
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acceptor, especially to polar amino acid residues in the active site of proteins.
Meanwhile, the aromatic structure of benzene supports hydrophobic interactions with
nonpolar residues around the active site. Due to their relatively small and flexible
molecular size, phenolics in docking can usually adapt well to the active site of proteins
(Irawan et al., 2025).

Phenolic acid have relatively low binding affinity (-4.4 kcal/mol), but still form
stable interactions at the active site of the target protein. Indonesian research shows a
positive correlation between total phenolic content and antioxidant activity in various
medicinal plant extracts, demonstrating the contribution of phenols in maintaining
molecular stability (Da'i et al., 2012). This reinforces the finding that, despite their
simplicity, phenols still play an important pharmacological role through hydrogen
bonding.

Quercitrin

The results of testing the binding energy values of target proteins on Quercitrin
compounds are as follows on table 4. Based on the test results, the binding affinity
between the Quercitrin compound and A3 Domain of Von Willebrand Factor
(PDB: 1A03) was recorded at -9.4 kcal/mol, indicating a very strong binding affinity.
When compared to the range of ligand affinities commonly considered moderate
(-7.0 to -8.0 kcal/mol), the value of -9.4 kcal/mol indicates that Quercitrin has a higher
binding ability to the target site. RMSD analysis shows that in the best conformation
(RMSD/ub = 0.0 A and RMSD/Ib = 0 A), the interaction between Quercitrin and
Domain A3 is very stable, indicating an optimal binding position.

Table 4. Quercitrin binding energy values on the A3 Domain of vWF (PDB: 1AO3)

Binding Affinity RMSD/1b RMSD/ub

(kcal/mol) A) (A)
94 0 0.0
94 1,402 2,317
9.3 1,563 4.83
9.0 1,823 7,775
-8.8 2,187 5,262
-8.6 2,758 9,208
-8.5 1,704 2,318
-8.2 2.87 8,184
-7.8 3,837 8,261

Alternative conformations with RMSD/Ib = 1.402 A and RMSD/ub = 2.317 A
still maintain fairly good stability, although not to the same degree as the main
conformation. Conversely, conformations with higher RMSD/ub, for example 9.208
A or 8.261 A, show binding that tends to be less stable. Interpretation of these results
indicates several potential conformational modes, only poses with low RMSD values
can be considered relevant and potentially influence the biological activity of the target.
Thus, based on its high binding affinity (-9.4 kcal/mol) and the presence of stable poses
at low RMSD, Quercitrin shows potential as a candidate compound that modulates
interactions in the A3 Domain of Von Willebrand Factor.
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The chemical properties of Quercitrin as a flavonoid glycoside, where the sugar
group can strengthen hydrogen bond formation and enhance polar interactions with
key residues in the binding pocket, support the affinity and stability results found
(Govindammal et al., 2022). Additionally, reports on Quercitrin's ability to enhance
cellular protection and its relatively good bioavailability compared to the aglycone
quercetin make it a relevant candidate for further development as a potential natural
procoagulant (Wang et al., 2022).

Kaempferol

The results of testing the binding energy values of target proteins on Kaempferol
compounds are as follows on table 5. Based on the test results, the binding energy
between kaempferol compounds has a binding affinity value between -7.9 and -7.0
kcal/mol to the target protein A3 Domain of von Willebrand Factor (1AO3). The best
interaction is shown at an energy of -7.9 kcal/mol with RMSD/Ib and RMSD/ub =
0.0 A, indicating a very stable bond without ligand position shift. In contrast, an energy
of -7.0 kcal/mol shows a weaker interaction with an RMSD of 8.943 A, while other
variations at an energy of -7.9 kcal/mol also show positional shifts with an RMSD of
up to 7.004 A. This indicates that kaempferol has strong binding potential. However,
the optimal stability of its interaction is greatly influenced by low RMSD
conformations.

Table 5. Kaempferol binding energy values on the A3 Domain of vWF (PDB: 1AO3)

Binding Affinity RMSD/Ib RMSD/ub
(kcal/mol) (A) (A)

-7.9 0.0 0.0

-7.9 2,882 7,004
-7.9 2,265 6,138
-7.7 1.46 3,204
-7.4 2,942 7,571
-7.3 2,459 7,232
-7.2 2,594 3,854
-7.2 1,925 6.17
-7.0 4,255 8,943

Kaempferol is a flavonol that has been extensively studied for its anticancer, anti
inflammatory, hepatoprotective, and cardioprotective activities. The main
mechanisms of kaempferol are through the regulation of apoptosis and inhibition of
angiogenesis. Comprehensive studies report that kaempferol plays a significant role in
the prevention of degenerative diseases and is relevant in the development of flavonoid
based drugs (Chen & Chen, 2013).

Neohesperidoside

Based on the test results, the binding affinity value between the neohesperidoside
compound and the target protein A3 Domain of von Willebrand Factor (PDB: 1AO3)
is in the range of -7.9 to -6.3 kcal/mol. This negative value indicates that the interaction
between neohesperidoside and the target is relatively strong. The best interaction is
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shown at a value of -7.9 kcal/mol with RMSD/Ib and RMSD/ub = 0.0 A, which
indicates a stable bond. Conversely, a value of -6.3 kcal/mol indicates a weaker
interaction with an increased RMSD of up to 6.11A, while other variations such as -
6.7 kcal/mol show a significant shift in the ligand. Although the ligand shift is still
within a moderate range, this reinforces the conclusion that the more negative the
binding affinity value and the lower the RMSD, the more stable the interaction
between the ligand and the protein tends to be (Siagian et al., 2025).

Table 6. Neohesperidoside binding energy values on the A3 Domain of vWF

(PDB: 1A03)
Binding Affinity RMSD/Ib RMSD/ub
(kcal/mol) A) (A)
7.9 0.0 0.0
7.5 1,993 6,807
7.5 1,787 3,092
7.2 1.77 3.66
7.1 1,881 6,833
6.8 1,659 6,722
6.7 3,502 4,733
6.5 3,308 4,882
6.3 2,264 6.11

Furthermore, the findings in this study are supported by various previous in
silico studies, which confirm that flavonoid glycoside compounds, including
neohesperidoside, are capable of forming stable interactions with various target
proteins, particularly enzymes, through a specific binding mechanism
(Sugiharto et al., 2021). This is consistent with the finding that neohesperidoside from
Biwa leaves can regulate the work of proteins that play a role in the blood clotting
process. This consistency further strengthens the results obtained, where
neohesperidoside derived from Biwa leaves shows the ability to interact with the
functional domains of proteins involved in coagulation.

Drug Feasibility Analysis According to Lipinski's Rules (Rules of Five)

Based on the assessment using Lipinski's rules, there is a clear pattern.
Coumarin, Phenolic Acid, and Kaempferol compounds meet all criteria without
violation (0 violation), which means that theoretically they are more likely to be well
absorbed by the body when ingested. Conversely, triterpenoid compounds have too
large a molecular weight (>500 g/mol), while quercitrin and neohesperidoside have
too many polar groups that can inhibit absorption. These differences indicate that
compounds that comply with Lipinski's rules have physicochemical properties that are
more conducive to becoming oral medications.

The Lipinski’s Rules (Rules of Five), are empirical guidelines developed from
observations of the physicochemical properties of oral drugs that have successfully
reached clinical trials. These rules summarize four simple criteria, namely molecular
weight < 500 g/mol, hydrogen bond donors < 5, hydrogen bond acceptors < 10, and
LogP < 5, and state that molecules that violate more than one criterion tend to
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experience problems with absorption or permeability after oral administration.
Therefore, the Rules of Five are often used as an initial filter in the selection stage of
drug discovery, but are not intended as a final determinant of pharmacological
suitability (Lipinski et al., 2012).

Table 7. Results of drug feasibility analysis according to Lipinski's (Lipinski et al., 2012).

Compound Molecular H-Bond H-Bond LogP Molar TPSA
Weight <500 acceptor donor <5 <5 Refractivity <140 Az

(g/mol) <10

Coumarin 146.14 2 0 1.75 42.48 30.21

(Control)

Triterpenoid 552.76 7 3 2.97 148.27 129.51
Fenolic Acid 94.11 1 1 1.24 28.46 20.23

Quercitrin 448.38 11 7 1.60 109.00 190.28
Kaempferol 286.24 6 4 1.70 76.01 111.13
Neohesperidoside 326.30 10 7 0.64 66.96 169.30

Topological Polar Surface Area (TPSA) is a parameter that is very often used in
ADME evaluation. Topological Polar Surface Area (TPSA) complements the Rules of
Five assessment by providing a quick estimate of the polarity of a molecule's surface,
namely the amount of area contributed by polar atoms such as oxygen and nitrogen as
well as bound hydrogen. Because TPSA is directly related to a molecule's ability to
passively permeate membranes, the threshold value often used in the literature is
< 140 A2 for adequate intestinal permeation. For penetration into the nervous system,
TPSA can help explain why molecules that show good target affinity in silico are still
predicted to have low oral absorption. TPSA calculations that consider sugar groups
or phenolic substituents are very useful for assessing this issue in large natural
compounds (Ertl et al., 2000).

In drug suitability assessment practice, the Rules of Five and TPSA should be
used as a quick triage filter, then supplemented with additional criteria such as Veber's
rules (observing rotatable bonds and TPSA), BDDCS/transporter analysis, and in
vitro permeability prediction data (Caco-2). computational verification steps such as
molecular dynamics simulations (to assess whether intramolecular hydrogen bonds
cover the polar surface) and free energy calculations (MM-GBSA/MM-PBSA) are also
recommended. For large natural compounds that violate the Rules of Five but show
in silico activity, practical strategies include examining the possibility of active
transport, derivatization or prodrug approaches to reduce TPSA, and/or considering
local administration routes when oral administration is not realistic. In other words,
the Rules of Five and TPSA are effective screening tools when combined with ADME
data and chemical or formulation optimization strategies (Veber et al., 2002).
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Visualization of Molecular Docking Results
Visualization of the 3D Structure of Kaempferol Ligand Interaction with the Target Protein

Thr1748

Lys165A

(b)

Figure 1. Visualization of molecular docking of the Kaempferol compound with the
protein Target Domain A3 von Willebrand Factor. (a) 3D structure of
molecular binding simulation. (b) 2D structure of hydrogen bond and
hydrophobic interactions.

The 3D structure visualization of kaempferol docking was obtained using
PyMOL software based on affinity score data and the prepared target protein structure.
In the 3D view, the kaempferol ligand is visualized as a green aromatic ring bound to
the protein site through a combination of polar and nonpolar interactions. In the polar
region, dotted lines connect the phenolic or carbonyl group of kaempferol to the
Thr174B residue, indicating the formation of hydrogen bonds between the —OH or =O
group in the ligand and the —OH group in the threonine chain. Hydrogen bonds play
a role as the main specific interaction in ligand-receptor binding, thus contributing
significantly to the affinity of molecules to targets through electrostatic interactions
between hydrogen donors and acceptors (Muttagin, 2019). Additionally, a dotted line
is also observed between the phenolic group of the ligand and the ammonium group
(-NH3") on Lysl65A, indicating the presence of hydrogen bonds or additional
electrostatic contributions. Meanwhile, hydrophobic contact is indicated by the
proximity of the kaempferol aromatic ring surface to the Met175B residue. Overall,
kaempferol forms a binding pattern involving at least two key hydrogen bonds
accompanied by a number of hydrophobic interactions, thereby stabilizing its position
in the protein binding pocket.

The 2D visualization confirms the interaction pattern between kaempferol and
the protein, which includes a hydrogen bond between the —OH group of kaempferol
and Thr174B, an electrostatic interaction or additional hydrogen bond between its
phenolic group and the positively charged Lys165A, and a hydrophobic interaction
between the aromatic ring of the ligand and the Met175B residue. In the 2D diagram,
the kaempferol structure is represented by atom connecting lines following the
standard CPK (Corey Pauling Koltun) color code. Hydrogen bonds are shown as
specific, directional dotted lines, while hydrophobic contacts are marked with green
arcs. Although weaker than hydrogen bonds, hydrophobic interactions collectively
contribute to the stability of the complex through van der Waals forces and the
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displacement of water from nonpolar surfaces, which is also consistent with the
inherently stable characteristics of aromatic rings (Prakoso, 2024).

Visualization of the 3D Structure of Kaempferol Ligand Interaction with the Target Protein

The 3D visualization of molecular docking results was performed using PyMOL
software by utilizing the score data of each ligand and the prepared protein structure.
This image shows the ligand visualized as a simple green aromatic structure bound to
the active site of the protein through a combination of polar and nonpolar interactions.
Its harmonious position indicates compatibility with the morphology of the binding
pocket. In the 3D image, dotted lines connect the phenolic acid hydroxyl group (-OH)
with polar amino acid residues, indicating that hydrogen bonds play a very important
role in stabilizing the ligand-protein complex. On the other hand, the proximity of the
ligand's aromatic ring to the surrounding hydrophobic residues indicates the
contribution of hydrophobic interactions to the overall stability of the binding. In
phenolic compounds, the hydroxyl group can act as a hydrogen bond donor that
interacts with the acceptor group on the protein (Fattara et al., 2024).

HN—R

Val45A

lle38A
GIn44A

(@ (b)

Figure 2. Visualization of molecular docking of the Phenolic acid compound with the
protein Target Domain A3 von Willebrand Factor. (a) 3D structure of
molecular binding simulation. (b) 2D structure of hydrogen bond and
hydrophobic interactions.

The 2D visualization maps in detail the interaction patterns at the atomic level
between Phenolic Acid and important residues in the protein. The diagram shows the
formation of hydrogen bonds marked by green dotted lines between the oxygen atom
(-=O) in the hydroxyl group of the ligand and the hydrogen atom in the amide group of
the GIn44A residue. The green arcs in the diagram indicate hydrophobic interactions
connecting the aromatic ring of the phenolic acid to the hydrophobic residues Val45A
and Ile38A. The aromatic structure of the ligand structurally supports interactions with
nonpolar residues around the active site (Irawan et al., 2025). This pattern indicates
that phenolic acid binding is stabilized by two mechanisms simultaneously, namely
hydrogen bonds that determine specificity and orientation, and hydrophobic
interactions that increase complex stability through van der Waals forces.
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CONCLUSION

Based on the in silico research conducted, it can be concluded that Biwa leaves
(Eriobotrya japonica) contain bioactive compounds with potential as therapeutic
adjuncts for Hemophilia A. Molecular docking simulations against the von Willebrand
Factor A3 Domain (PDB: 1A03) identified Kaempferol and Phenolic Acid as two
promising candidates. Both compounds showed strong binding affinity and good
binding pose consistency with free energy values (AG) of -7.9 kcal/mol and -4.4
kcal/mol, respectively. Molecular interaction analysis indicates that the binding is
stabilized by a combination of specific hydrogen bonds with polar residues Thr174B
and Lysl165A and hydrophobic interactions with nonpolar residues Met175B and
Vall64A. Evaluation of drug suitability based on Lipinski's rules shows that
Kaempferol meets the criteria for oral drugs, while Phenolic Acid is also suitable
despite having moderate affinity. This study provides a new contribution by
highlighting the potential modulation of the von Willebrand factor A3 domain using
natural compounds from biwa leaves, a target and source of materials that have not
been widely explored in the search for adjunctive therapies for hemophilia A. These
computational findings provide a strong basis for the further development of
Kaempferol and Phenolic Acid as candidate adjunctive therapies for Hemophilia A.
Therefore, it is recommended to conduct further studies involving molecular dynamics
simulations to assess stability under more realistic conditions, as well as in vitro and
in vivo tests to confirm the procoagulant activity, safety, and pharmacokinetic profile
(ADME) of both compounds.

REFERENCES

Agasani, F., Soedjatmiko, S., & Windiastuti, E. (2019). Quality of Life for Children
with Haemophilia at Dr. Cipto Mangunkusumo Hospital. Sari Pediatri, 21(2),
73-80. https://doi.org/10.14238/sp21.2.2019.73-80 [In Indonesian language]

Ayu, Y. A. W. (2017). Health Orientation of Haemophilia Patients in the Treatment Process
(Qualitative Study of the Social Actions of Haemophilia Patients at Dr. Soetomo
General Hospital, Surabaya). Undergraduated Theses of Sociology
Department, Universitas Airlangga. Accessed on 13Th August 2025 [In
Indonesian language]

Bryan, C. M., Bhandari, J., Napuli, A. J., Leibly, D. J., Choi, R., Kelley, A., Van
Voorhis, W. C., Edwards, T. E., & Stewart, L. J. (2011). High-throughput
Protein Production and Purification at the Seattle Structural Genomics Center
for Infectious Disease. Acta Crystallographica Section F
Structural Biology and  Crystallization Communications, 67(9), 1010-1014.
https://doi.org/10.1107/S1744309111018367

Chen, A. Y., & Chen, Y. C. (2013). A Review of the Dietary Flavonoid, Kaempferol
on Human Health and Cancer Chemoprevention. Food Chemistry, 138(4),
2099-2107. https://doi.org/10.1016/j.foodchem.2012.11.139

Putri & Idami (2025). Molecular Docking Test of Procoagulant Compounds in Biwa Leaves ... | 1287


https://doi.org/10.14238/sp21.2.2019.73-80
https://doi.org/10.1107/S1744309111018367
https://doi.org/10.1016/j.foodchem.2012.11.139

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 11 (4): 1275 - 1292, December 2025 e-ISSN: 2685-7332

Coffin, D., Gouider, E., Konkle, B., Hermans, C., Lambert, C., Diop, S., Ayoub, E.,
Tootoonchian, E., Youttananukorn, T., Dakik, P., Pereira, T., Iorio, A.,
Pierce, G. F., Abdel Mohsen, M., Adeyemo, T., Ai Sim, G., Al-Rahal, N.,
Alexis, C., Ali, T., & Zaman Miah, M. (2023). The World Federation of
Hemophilia World Bleeding Disorders Registry: Insights from the first 10,000
patients. Research and Practice in Thrombosis and Haemostasis, 7(8), 102264.
https://doi.org/10.1016/j.rpth.2023.102264

Condo, I. (2022). Rare Monogenic Diseases: Molecular Pathophysiology and Novel
Therapies. International Journal of Molecular Sciences, 23(12), 6525.
https://doi.org/10.3390/1jms23126525

Cooper, G.M., & Jay, S. (2019). Needles in Stacks of Needles: Finding Disease-Casual
Variants in a Wealth of Genomic Data. Nature Review Genetics, 12(9), 628-640

Da'i, M., Astrina, D.R., Arifah, S.W., Rosita, M., & Ika, T.D.K. (2012). Testing the
Antiradical Activity of Ethanol Extracts from Elephantopus schaber L.,
Ocimum basilicum L., Forma citratum Back., Graptophylum pictum Griff.,
and Gynura procumbens Merr. Leaves using the DPPH (1,1-Diphenyl-2-
picrylhydrazyl) Method and Determination of Total Phenolic Content.
Pharmacon, 13(2), 41-46 [In Indonesian language]

Darman, A. A. A., & Bahraen, R. (2023). Haemophilia: A Disorder of Blood Clotting
Factors. Jurnal Medika Hutama, 4(2), 3299-3304 [In Indonesian language]

Desai, F., Chowdhury, D., Kaur, R., Peeters, M., Arya, R. C., Wander, G. S., Gill, S.
S., & Buyya, R. (2022). HealthCloud: A System for Monitoring Health Status
of Heart Patients Using Machine Learning and Cloud Computing. Internet of
Things, 17, 100485. https://doi.org/10.1016/j.i10t.2021.100485

Ebadi, A., Razzaghi-Asl, N., Shahabipour, S., & Miri, R. (2014). Ab-Initio and
Conformational Analysis of a Potent VEGFR-2 Inhibitor: A Case Study on
Motesanib. Iranian Journal of Pharmaceutical Research, 13(2), 405-415

Ertl, P., Rohde, B., & Selzer, P. (2000). Fast Calculation of Molecular Polar Surface
Area as a Sum of Fragment-Based Contributions and Its Application to the
Prediction of Drug Transport Properties. Journal of Medicinal Chemistry, 43(20),
3714-3717. https://doi.org/10.1021/jm000942¢

Fattara, F.P., Idami, Z., & Silalahi, A.A. (2024). Molecular Docking in Red Spinach
Plants (Amaranthus tricolor L.) as an Inhibitory Agent for Genetic Anemia.
Science Midwifery, 12(3), 1261-1270

Garrison, L., & Bruckner, S. (2022). Considering best practices in color palettes for
molecular visualizations. Journal of Integrative Bioinformatics, 19(2), 1-14.
https://doi.org/10.1515/jib-2022-0016

Govindammal, M., Kannan, S., Srinivasan, P., & Prasath, M. (2022). Quantum
Chemical Calculations, Spectroscopic Studies and Molecular Docking
Investigations Of The Anti-Cancer Drug Quercitrin With B-RAF Inhibitor.
Heliyon, §(5), 1-15. https://doi.org/10.1016/j.heliyon.2022.e09539

Putri & Idami (2025). Molecular Docking Test of Procoagulant Compounds in Biwa Leaves ... | 1288


https://doi.org/10.1016/j.rpth.2023.102264
https://doi.org/10.3390/ijms23126525
https://doi.org/10.1016/j.iot.2021.100485
https://doi.org/10.1021/jm000942e
https://doi.org/10.1515/jib-2022-0016
https://doi.org/10.1016/j.heliyon.2022.e09539

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 11 (4): 1275 - 1292, December 2025 e-ISSN: 2685-7332

Hamada, I. (2014). Van der Waals Density Functional Made Accurate. Physical Review
B, 89(12), 103-121. https://doi.org/10.1103/PhysRevB.89.121103

Handayani, S., Nancy, M. R., Hendry, M. M., Pudji, L., Sri, U., Erukavitri, Y.,
Jongky H.P., and Maftuchah, R. (2020). Textbook on Social Aspects of Medicine.
Second Edition. Surabaya: Airlangga University Press [In Indonesian language]

Herdata, H. N., & Perdana, P. Y. (2020). Update Therapy for Haemophilia in
Children. Jurnal ~ Kedokteran =~ Nanggroe  Medika, 3(4), 18-25.
https://doi.org/10.35324/jknamed.v3i4.105 [In Indonesian language]

Irawan, C., Putri, I. D., Rahmatia, L., & Utami, A. (2025). Chemical Identification of
Organic Compound Functional Groups. Yogyakarta: Deepublish [In Indonesian
language]

Jacquemin, M., De Maeyer, M., D’Oiron, R., Lavend’Homme, R., Peerlinck, K., &
Saint-Remy, J.-M. (2003). Molecular Mechanisms of Mild and Moderate
Hemophilia A. Journal of Thrombosis and Haemostasis, 1(3), 456—463.
https://doi.org/10.1046/7.1538-7836.2003.00088.x

Kester, K. E., Cummings, J. F., Ofori-Anyinam, O., Ockenhouse, C. F., Krzych, U.,
Moris, P., Schwenk, R., Nielsen, R. A., Debebe, Z., Pinelis, E., Juompan, L.,
Williams, J., Dowler, M., Stewart, V. A., Wirtz, R. A., Dubois, M., Lievens,
M., Cohen, J., & Ballou, W. R. (2009). Randomized, Double-Blind, Phase 2a
Trial of Falciparum Malaria Vaccines RTS,S/AS01B and RTS,S/AS02A in
Malaria-Naive Adults: Safety, Efficacy, and Immunologic Associates of
Protection. The Journal of Infectious Diseases, 200(3), 337-346.
https://doi.org/10.1086/600120

Lawrenti, H. (2021). Haemophilia and the Development of Treatment. Cermin Dunia
Kedokteran, 48(9), 362-367. https://doi.org/10.55175/cdk.v48i9.129 [In
Indonesian language]

Lipinski, C. A., Lombardo, F., Dominy, B. W., & Feeney, P. J. (2012). Experimental
and Computational Approaches to Estimate Solubility and Permeability in
Drug Discovery and Development Settings. Advanced Drug Delivery Reviews, 64,
4-17. https://doi.org/10.1016/j.addr.2012.09.019

Lu, P.H,, Liao, T.H., Chen, Y.H., Hsu, Y.L., Kuo, C.Y., Chan, C.C., Wang, LK.,
Chern, C.Y., & Tsai, F.M. (2022). Coumarin Derivatives Inhibit ADP-
Induced Platelet Activation and Aggregation. Molecules, 27(13), 1-12.
https://doi.org/10.3390/molecules27134054

Meng, X.Y., Zhang, H.X., Mezei, M., & Cui, M. (2011). Molecular Docking: A
Powerful Approach for Structure-Based Drug Discovery. Current Computer
Aided-Drug Design, 72), 146-157.
https://doi.org/10.2174/157340911795677602

Muttaqin, F. Z. (2019). Molecular Docking and Molecular Dynamic Studies of
Stilbene Derivative Compounds as Sirtuin-3 (Sirt3) Histone Deacetylase
Inhibitor on Melanoma Skin Cancer and Their Toxicities Prediction. Journal
of Pharmacopolium, 2(2), 489-498. https://doi.org/10.36465/jop.v2i2.489

Putri & Idami (2025). Molecular Docking Test of Procoagulant Compounds in Biwa Leaves ... | 1289


https://doi.org/10.1103/PhysRevB.89.121103
https://doi.org/10.35324/jknamed.v3i4.105
https://doi.org/10.1046/j.1538-7836.2003.00088.x
https://doi.org/10.1086/600120
https://doi.org/10.55175/cdk.v48i9.129
https://doi.org/10.1016/j.addr.2012.09.019
https://doi.org/10.3390/molecules27134054
https://doi.org/10.2174/157340911795677602
https://doi.org/10.36465/jop.v2i2.489

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 11 (4): 1275 - 1292, December 2025 e-ISSN: 2685-7332

Nugroho, A. W., & Fauzi, A. (2024). Molecular Docking Study of Acetoxychavicol
Acetate (ACA) Derivatives on Target Proteins ER-A, ER-B, and HER-2 as
Cytotoxic Agents. Jurnal Farmasetis, 13(3), 111-122.
https://doi.org/10.32583/far.v13i3.2318 [In Indonesian language]

Nur Amini, & Naimah, N. (2020). Hereditary Factors in Influencing the Development
of Intelligence in Early Childhood. Jurnal Buah Hati, 72), 108-124.
https://doi.org/10.46244 /buahhati.v7i2.1162 [In Indonesian language]

Oldenburg, J., Lacroix. D.S., & Lillicrap, D. (2015). Alloantibodies to Therapeutic
Factor VIII in Hemophilia A: The Role of von Willebrand Factor in
Regulating Factor VIII Immunogenicity. Haematologica, 100(2), 149-156.
https://doi.org/10.3324/haematol.2014.112821

Pinem, M. D., & Lailatusysyifa. (2017). Characterisation of Loquat Trees (Eriobotrya
Japonica Lindl) in Sidikalang, Dairi Regency and Kabanjahe, North Sumatra.
Proceeding of Seminar Nasional III Biologi dan Pembelajarannya 2017.
Universitas Negeri Medan. https://digilib.unimed.ac.id/id/eprint/28422/
[In Indonesian language]

Pipe, S. W., Montgomery, R. R., Pratt, K. P., Lenting, P. J., & Lillicrap, D. (2016).
Life in the Shadow of a Dominant Partner: The FVIII-vWF Association and
Its Clinical Implications for Hemophilia A. Blood, 128(16), 2007-2016.
https://doi.org/10.1182/blood-2016-04-713289

Prakoso, N.I.P. (2024). Organic Chemistry Part-I. Yogyakarta: Deepublish [In
Indonesian language]

Pratiwi, A.N., Vitayani, S., Permatasari, W.O.E., Artati, R.D., & Bayu, D. (2024).
Characteristics of Paediatric Haemophilia Patients. Fakumi: Medical Student
Journal, 44), 293-299. https://doi.org/10.33096/fmj.v4i4.440 [In Indonesian
language]

Putri, B.N.A., & Devi, R. (2022). Hemophilia. Jurnal Kedokteran Unram, 11(3), 1125-
1139. https://doi.org/10.33096/fmj.v4i4.440 [In Indonesian language]

Verawati, R., Fajri Ikhsan, & Okta Suryani. (2024). Interaction of Coumarin,
Daphnetin, Fraxetin from Natural Materials with Carbanoic Anhydrase II in
Inhibiting Glaucoma. Sains Natural: Journal of Biology and Chemistry, 14(4),
187-197. https://doi.org/10.31938/jsn.v14i4.735

Rodriguez-Merchan, E. C., De Pablo-Moreno, J. A., & Liras, A. (2021). Gene
Therapy in Hemophilia: Recent Advances. International Journal of Molecular
Sciences, 22(14), 7647. https://doi.org/10.3390/ijms22147647

Rosyid, A. L., Fachriyah, E., & Kusrini, D. (2016). Isolation, Identification and
Activity Testing of Triterpenoid Compounds from Bengle Rhizome (Zingiber
cassumunar Roxb.) as Antibacterials. Jurnal Kimia Sains dan Aplikasi, 19(1), 1-
6. https://doi.org/10.14710/jksa.19.1.1-6 [In Indonesian language]

Sagar, N.A., Pareek, S., Bhardwaj, R., Vyas, N. (2020). Bioactive Compounds of Loquat
(Eriobotrya japonica (Thunb.) L.). In: Murthy, H., Bapat, V. (eds) Bioactive

Putri & Idami (2025). Molecular Docking Test of Procoagulant Compounds in Biwa Leaves ... | 1290


https://doi.org/10.32583/far.v13i3.2318
https://doi.org/10.46244/buahhati.v7i2.1162
https://doi.org/10.3324/haematol.2014.112821
https://doi.org/10.1182/blood-2016-04-713289
https://doi.org/10.33096/fmj.v4i4.440
https://doi.org/10.33096/fmj.v4i4.440
https://doi.org/10.31938/jsn.v14i4.735
https://doi.org/10.3390/ijms22147647
https://doi.org/10.14710/jksa.19.1.1-6

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 11 (4): 1275 - 1292, December 2025 e-ISSN: 2685-7332

Compounds in Underutilized Fruits and Nuts. Reference Series in
Phytochemistry. Springer, Cham. https://doi.org/10.1007/978-3-030-06120-
3_10-1

Sari, M. H. N., Pratamaningtyas, S., Susilowati, T., Agustiawan, A., Yuliawati, Y.,
Chairiyah, R., Ivantarina, D., Marpaung, D. D. R., Susanti, N. Y., Hapsari,
A., Wahyuni, S., Putri, R., Jannah, M., & Murni, N. S. (2022). Diseases and
Abnormalities of Pregnancy. Padang: PT Global Eksekutif Teknologi [In
Indonesian language]

Shaheed, K. A. A., Alkhafaji, B. A. H. A., Kariem Al-Sultany, A., & Khalaf, M. A.
(2022). Biological Studies On The Active Compounds of Eriobotrya japonica L.
By Using the Gas Chromatography = Technique GC-MS.
Biochemical and Cellular Archives, 22(2), 3819-3826.
https://doi.org/10.51470/bca.2022.22.2.3819

Siagian, A. R., Savitri, D., Mashuri, M., Biworo, A., & Rahmiati, R. (2025). In silico
study of active compounds in Bangkal bark extract (Nauclea subdita) as anti-
hyperpigmentation agents. Homeostasis, 8(1), 73-83.
https://doi.org/10.20527/ht.v8i1.16453 [In Indonesian language]

Sugiharto, M. 1., Bintari, Y. R., & Damayanti, D. S. (2021). Mechanism of Active
Compounds in Soursop Leaves (Annona muricata Linn.) as Anti-Diabetes
Agents: An In silico Study. Jurnal Kedokteran Komunitas, X2), 1-13 [In
Indonesian language]

Trott, O., & Olson, A. J. (2010). AutoDock Vina: Improving the Speed and Accuracy
of Docking with a New Scoring Function, Efficient Optimization, And
Multithreading. Journal of Computational Chemistry, 31(2), 455-461.
https://doi.org/10.1002/jcc.21334

Valentino, L. A., & Khair, K. (2025). Giving Choice a Voice: Commentary on
Development of the World Federation of Hemophilia Shared Decision-
Making Tool. Haemophilia, 31(1), 5-6. https://doi.org/10.1111/hae.15133

Veber, D. F., Johnson, S. R., Cheng, H.-Y., Smith, B. R., Ward, K. W., & Kopple, K.
D. (2002). Molecular Properties That Influence the Oral Bioavailability of
Drug Candidates. Journal of Medicinal Chemistry, 45(12), 2615-2623.
https://doi.org/10.1021/jm020017n

Wang, G., Wang, Y., Yao, L., Gu, W., Zhao, S., Shen, Z., Lin, Z., Liu, W., & Yan,
T. (2022). Pharmacological Activity of Quercetin: An Updated Review.
Evidence-Based Complementary and Alternative Medicine, 2022(1), 1-12.
https://doi.org/10.1155/2022/3997190

Wang, J., Al-Ouran, R., Hu, Y., Kim, S.-Y., Wan, Y.-W., Wangler, M. F.,
Yamamoto, S., Chao, H.T., Comjean, A., Mohr, S. E., Perrimon, N., Liu, Z.,
Bellen, H. J., Adams, C. J., Adams, D. R., Alejandro, M. E., Allard, P.,
Ashley, E. A., Azamian, M. S., & Zornio, P. A. (2017). MARRVEL.:
Integration of Human and Model Organism Genetic Resources to Facilitate
Functional Annotation of the Human Genome. The American Journal of Human
Genetics, 100(6), 843—853. https://doi.org/10.1016/j.ajhg.2017.04.010

Putri & Idami (2025). Molecular Docking Test of Procoagulant Compounds in Biwa Leaves ... | 1291


https://doi.org/10.51470/bca.2022.22.2.3819
https://doi.org/10.20527/ht.v8i1.16453
https://doi.org/10.1002/jcc.21334
https://doi.org/10.1111/hae.15133
https://doi.org/10.1021/jm020017n
https://doi.org/10.1155/2022/3997190
https://doi.org/10.1016/j.ajhg.2017.04.010

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 11 (4): 1275 - 1292, December 2025 e-ISSN: 2685-7332

Umar, 1., and Reza, W.S. (2020). Hemostatis dan Disseminatez Intravascular
Coagulation (DIC). Journal Anaesthesia and Pain, 1(2), 19-32.
https://doi.org/10.21776/ub.jap.2020.001.02.04

Zhao, Xiuying. (2024). Comprehensive Review of Bioactive Compounds in Loquat
and Their Pharmacological Mechanisms. Medicinal Plant Research, 14(4), 196-
209. https://dx.doi.org/10.5376/mpr.2024.14.0017

How To Cite This Article, with APA style :
Putri, R., & Idami, Z. (2025). Molecular Docking Test of Procoagulant Compounds in

Biwa Leaves (Eriobotrya japonica (Thunb.) Lindl.)) Against Factor VIII
Deficiency in The Genetic Disease Hemophilia-A. Jurnal Pembelajaran dan
Biologi Nukleus, 11(4), 1275-1292. https://doi.org/10.36987/jpbn.v11i4.8163

Conflict of interest The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Author All authors contributed to the study's conception and design.

contributions Material preparation, data collection and analysis were

performed by all authors. The first draft of the manuscript was
submited by [Rahudatul Putri]. All authors contributed on
previous version and revisions process of the manuscript. All

authors read and approved the final manuscript.

Putri & Idami (2025). Molecular Docking Test of Procoagulant Compounds in Biwa Leaves ... | 1292


https://doi.org/10.21776/ub.jap.2020.001.02.04
https://dx.doi.org/10.5376/mpr.2024.14.0017

