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Abstract:  
Introduction — Leukemia is a major hematological malignancy with 
high mortality, particularly in pediatric populations. Conventional 
chemotherapy is often associated with severe side effects, creating an 
urgent need for safer and more selective therapeutic alternatives. 
Computational drug discovery offers an efficient strategy to identify 
potential bioactive compounds from natural resources. This study 
investigates active compounds derived from water hyacinth leaves 
(Eichhornia crassipes) as potential leukemia drug candidates using an in 
silico molecular docking approach. 
Methods — A computational workflow was applied, including 
literature-based compound identification, molecular structure retrieval 
and preparation, target protein selection, and molecular docking 
analysis. Fms-related tyrosine kinase 3 (FLT3) was selected as the target 
protein for acute leukemia, while transforming growth factor beta 
receptor (TGF-βR) was used for chronic leukemia. Docking simulations 
were conducted to evaluate binding affinities and binding site 
similarities between test compounds and reference inhibitors. 
Results — Ethyl 9,12,15-octadecatrienoate demonstrated a favorable 
interaction with FLT3, with a binding affinity of −7.2 kcal/mol and a 
binding site similarity of 88.89%. For TGF-βR, stigmasterol, dibutyl 
phthalate, and phytol showed notable interactions, with binding 
affinities of −9.4, −7.2, and −7.1 kcal/mol, respectively, and binding 
similarity values ranging from 62.5% to 75%. 
Conclusion — Several active compounds from water hyacinth leaves 
exhibit promising interactions with leukemia-associated target proteins. 
These findings highlight the potential of natural bioactive compounds as 
alternative leukemia drug candidates and confirm the usefulness of in 
silico approaches for early-stage drug discovery, although further 
experimental validation is required. 
 
Keywords: leukemia; molecular docking; bioinformatics; FLT3; 
TGF-β receptor 

1. Introduction 

Cancer is one of the non-communicable diseases that currently poses a major health problem 
worldwide, including in Indonesia [1]. Cancer is characterized by abnormal or continuous cell growth 
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that is uncontrolled, causing damage to surrounding tissues and potentially leading to metastasis [2]. 
Leukemia is the most common type of cancer, accounting for 28% of all cancer cases in children, with a 
mortality rate of 5.5% (14,862 people) in Indonesia in 2018 [3]. Clinical symptoms observed in children 
with leukemia include persistent flu-like symptoms, pallor, fatigue, fever, anorexia, weight loss, 
petechiae, unexplained bruising, bone and joint pain, abdominal pain, lymphadenopathy, and 
hepatosplenomegaly [4], [5]. 
 
The most effective treatment for leukemia is chemotherapy. Chemotherapy is a systemic treatment 
that can damage normal tissues in a chronic manner [6], [7]. On the other hand, chemotherapy has 
side effects such as nausea and vomiting [8]. Nausea and vomiting also occur due to the use of 
cytostatic drugs and are among the initial side effects that occur within 1 to 24 hours after 
administration of cytostatic drugs, sometimes even more than 24 hours [9]. Chemotherapy causes 
chronic side effects such as nausea, vomiting, alopecia, bone marrow suppression, and delayed side 
effects that vary and include pulmonary fibrosis and neuropathy. In addition to chemotherapy, drugs 
that act as anticancer agents are also used [8], [10], [11]. 
 
Protein identification studies can serve as one approach to identify drug target proteins that align with 
the intended therapeutic goals. In molecular research and drug development, the identification of 
target proteins and the study of their mechanisms of action can be highly significant. In chronic 
leukemia, abnormalities in the expression or function of the TGF-β receptor lead to the loss of control 
over cell growth, thereby promoting leukemic cell proliferation and disease progression [12]. 
Furthermore, Fms-related tyrosine kinase 3 is an important tyrosine kinase receptor for 
hematopoietic cell proliferation, contributing to aggressiveness and poor prognosis in acute myeloid 
leukemia [13].  
 
Water hyacinth (Eichhornia Crassipes) is a floating aquatic plant belonging to the Pontederiaceae 
family. This plant can be found in tropical and subtropical environments and has a rapid growth rate, 
easily spreading to cover water surfaces. Therefore, it is generally considered an invasive plant (weed) 
due to its ability to quickly cover water surfaces [14], [15]. However, behind this, water hyacinth 
possesses several advantages that have been studied in various research. Its ability to absorb organic 
and inorganic pollutants, as well as heavy metals, has often been tested for its role as a 
phytoremediator [16], [17]. Additionally, water hyacinth can be beneficial, particularly in the field of 
pharmacology. Water hyacinth leaves contain secondary metabolites that have an anticancer role 
[18]. By isolating an active compound from water hyacinth leaves for use in cancer and inflammation 
treatment, water hyacinth leaves can enhance their potential as traditional medicine and 
pharmaceutical development [19]. The active compounds in water hyacinth leaves known to have 
anticancer potential include Propiolic acid, Phytol, 2-(octadecyloxy) Ethanol, 2-bromooctadecanal, 
Dibutyl phthalate, Ethyl 9,12,15-octadecatrienoate, 9,12,15 Octadecatrienoic acid, Stigmasterol, Oleic 
acid, eicosyl ester, and 17-Pentatriacontene [20]. 
 
In silico testing is one of the studies that can predict the activity of a compound with potential as a 
drug and eliminate other compounds with low activity [21]. In silico testing has several advantages, 
including saving energy, time, and costs [22], [23]. Based on this, it is important to develop natural 
treatment innovations for leukemia patients through in silico testing by analyzing potential target 
proteins and plant compounds with anti-cancer potential. This study aims to describe the interaction 
between active compounds in water hyacinth leaves (Eichhornia Crassipes) and FLT3 and TGFβR 
proteins, which play a role in the mechanism of leukemia, through in silico analysis. It is hoped that 
this study can serve as a reference and recommendation for drug discovery efforts using natural active 
compounds from plants to address leukemia cases, potentially identifying candidate compounds for 
leukemia treatment. 
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2. Method 

This study is a descriptive study using a computational approach (in silico). This descriptive method can 
be interpreted as a problem-solving procedure that is investigated through observation accompanied 
by recording what proteins are present and describing the state or behavior of the target object in the 
study based on apparent facts or what is actually observed. Data collection techniques used online 
web databases and literature studies of supporting data on the interaction between active compounds 
from water hyacinth leaves and target proteins from national and international journals. Data analysis 
techniques were performed using the PubChem web database (https://pubchem.ncbi.nlm.nih.gov/) 
[24], [25]. The first stage is to determine the content of active compounds in water hyacinth leaves 
(Eichhornia Crassipes) through literature studies based on Gas Chromatography-Mass Spectroscopy 
(GC-MS) test results [20]. A reference compound is also needed as a comparison for the binding formed 
by the active compounds in water hyacinth leaves. The reference compound used was pyrazole, which 
is known to play a role as an inhibitor in the anticancer mechanism [26].  
 
The active compounds of water hyacinth leaves were minimized using the PyRx software [27]. The 
subsequent step involved analyzing and selecting receptors through the RCSB PDB website 
(https://www.rcsb.org/) [28]. The target proteins used were TGF-β receptor (PDB code: 3KCF) and 
Fms-related tyrosine kinase 3 (PDB code: 5X02). Both target proteins were then sterilized using 
AutoDock software. After the target receptor proteins were sterilized, the next step was molecular 
docking. Molecular docking is a computational procedure that can be used to predict chemical bonds 
between macromolecules (receptors) and small molecules (ligands) efficiently using their structures 
through molecular docking simulations [29]. The result of docking is the binding affinity value. The 
more negative the binding affinity value, the stronger the bond formed, and vice versa [30], [31]. After 
determining the binding affinity value, visualization was performed using PyMOL and Discovery Studio 
2021 software to view the docking results in a representative manner [32], [33]. Based on the 
visualization results, the type of bond and the number of similarities in the attachment of amino acid 
residues formed between the active compounds of water hyacinth leaves and the reference 
compounds to the specific leukemia target protein were identified. This serves as a basis for 
understanding the relationship between the active compounds of water hyacinth leaves and a 
potential leukemia target protein, which is hoped to be used as a candidate drug for leukemia. 

3. Results  

The molecular docking process generates data on the binding affinity values and the location of the 
amino acid residue binding sites formed between the test compound and the target protein used. The 
results of the molecular docking data are presented in Table 1, while the visualization results of the 
molecular docking are shown in Fig. 1 and Fig. 2. 
 
Table 1. Results of molecular binding between Eichhornia Crassipes bioactive compounds and target 

proteins 

Protein 
Name PDB Code Ligand Binding Affinity 

(Kcal/mol) 

Percentage of 
Similarity with 
Control (%) 

FLT3 5X02 

Stigmasterol -10.2 66.67 
Pyrazole -8.8 33.33 
Ethyl 9,12,15- -7.2 88.89 
Octadecatrienoate   
Phytol -7.1 66.67 

TGFβR1 3KCF 
Pyrazole -11.2 100 
Stigmasterol -9.4 75 

https://pubchem.ncbi.nlm.nih.gov/
https://www.rcsb.org/
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Protein 
Name PDB Code Ligand Binding Affinity 

(Kcal/mol) 

Percentage of 
Similarity with 
Control (%) 

Dibutyl phthalate -7.2 62.5 
Phytol -7.1 75 

 
 
 

  
(a) (b) 

  
(c) (d) 

Figure 1. Visualization of the results of molecular binding between (a) Ethyl 9,12,15-
octadecatrienoate, (b) Pyrazole, (c) Phytol, and (d) Stigmasterol with the target protein fms-related 

tyrosine kinase 3 (FLT3) 
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(a) (b) 

  

(c) (d) 
Figure 2. Visualization of the results of molecular binding between (a) Dibutyl phthalate, (b) Pyrazole, 

(c) Phytol, and (d) Stigmasterol with the target protein TGF-β receptor (TGFβR) 
 

In the study of cell and molecular biology, all processes that occur in the body involve signaling and 
communication mechanisms. There are relay molecules and receptor proteins in the body that play a 
role during specific signaling and communication mechanisms. The role of these signaling molecules 
and receptor proteins is to transmit the signal message (signal transduction) they carry until the target 
cell or tissue can respond to the stimulus that has been received. The type of signaling molecule will 
vary depending on the response of the receptor protein that receives it. Every signal message received 
by a specific receptor protein is relayed by activating other relay molecules [9]. Functional proteins 
potentially involved in the development of leukemia include TGF-β receptor and Fms-related tyrosine 
kinase 3. These two types of proteins serve as target proteins for molecule binding. The TGF-β receptor 
(TGF-βR) plays a role in chronic leukemia, while the Fms-related tyrosine kinase 3 (FLT3) is involved in 
acute leukemia [13, 28]. Receptor protein pathway shown in Fig. 3 and Fig. 4. 
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Figure 3. (a) TGF-β receptor protein and (b) a simple diagram of the TGF-β receptor mechanism in 

the body. 
 
 
 
 

 

 

(a) (b) 
 

Figure 4. (a) Protein Fms-related tyrosine kinase 3 and (b) a simple diagram of the mechanism of 
Fms-related tyrosine kinase 3 in the body 

4. Discussion 

Based on the results of the binding assay of active compounds from water hyacinth leaves (Eichhornia 
Crassipes) against the target protein Fms-related Tyrosine Kinase 3 (FLT3), compared with reference 
compounds and control compounds presented in Table 1, three active compounds with the lowest 
binding affinity or most negative values were identified: stigmasterol, ethyl 9,12,15-
octadecatrienoate, and phytol. The control compound used in the molecular binding of active 
compounds from water hyacinth leaves with the FLT3 protein was FF-10101, a synthetic inhibitor 
that covalently binds to the FLT3 protein in a selective manner. The binding characteristics of FF-
10101 with FLT3 protein are characterized by binding to the cysteine residue at position 694 (CYS 

 

 

(a) (b) 
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694) while maintaining its ability to bind to FLT3 protein in both active and inactive conformations 
[34]. The reference compound used in the binding assay of the active compounds from water 
hyacinth leaves with FLT3 protein is pyrazole. On the other hand, the binding assay results of the 
active compounds from water hyacinth leaves against the target protein TGF-β receptor type-1 
(TGFβR1) identified three active compounds with the lowest binding affinity or most negative values, 
namely stigmasterol, dibutyl phthalate, and phytol. The control compound and the reference 
compound used in the binding of active compounds from water hyacinth leaves to the TGFβR1 
protein are pyrazole, which is a similar reference compound in the binding activity of active 
compounds from water hyacinth leaves with the FLT3 protein. Pyrazole, as a control compound, 
binds to the TGFβR1 protein through covalent bonds, primarily at the lysine residue at position 232 
(LYS 232) [35]. 
 
Pyrazole is one of the drugs that acts as an inhibitor and can effectively bind to the target proteins 
FLT3 and TGFβR1. Zhao et al. [26] stated in their study that pyrazole can act as an antibacterial, 
anticancer, anti-inflammatory, antioxidant, anti-TB, antiviral, and antihyperglycemic agent. However, 
the use of this drug is still considered concerning due to the risk of causing other disease symptoms 
such as leukopenia and agranulocytosis. Pyrazole as an antitumor agent plays a role in inducing 
apoptosis of cancer cells as part of the cytotoxic response of cancer cells [36]. Based on Table 1, it is 
known that pyrazole has a binding affinity value of -8.8 kcal/mol with the FLT3 protein and -11.2 
kcal/mol with the TGFβR1 protein.  
 
When examined based on the results of molecular binding visualization, Fig. 1b shows the molecular 
binding between pyrazole and the FLT3 protein, with a residue binding similarity of 33.33% compared 
to the control, as indicated in Table 1. The molecular binding formed between pyrazole and the FLT3 
protein includes LEU 616, VAL 624, and PHE 830. The similarity in the binding positions of these 
molecules is very low compared to the control. This indicates that although pyrazole has a relatively 
high binding affinity, the researchers suspect that pyrazole treatment may be less effective for 
patients with acute leukemia mediated by FLT3 protein activity, as the similarity in the binding 
positions of amino acid residues with the control is still considered very low. The visualization results 
of the molecular binding between pyrazole and TGFβR1 protein presented in Fig. 2b show that the 
similarity in the binding positions of amino acid residues with the control is 100% because the control 
compound used is similar to the pyrazole used as the reference compound. This similarity in usage is 
due to the function of pyrazole as an anticancer agent targeting apoptosis induction, which inhibits 
the response mechanism mediated by the TGFβR1 protein. Pyrazole induces apoptosis, thereby 
eliminating cells with abnormal growth [12, 13]. The binding sites of pyrazole with the TGFβR1 
protein include VAL 219, ALA 230, LYS 232, GLU 245, LEU 260, LEU 278, LYS 337, and LEU 340. 
Therefore, researchers speculate that pyrazole treatment may be effective for patients with chronic 
leukemia because one of its activities is mediated by TGFβR1 protein activity. 
 
Molecular docking tests with increasingly negative affinity values and the number of bound amino 
acid residues indicate that the active compounds tested have the same potential as the reference 
compounds in influencing the activity of the target protein [23]. The more negative the binding 
affinity value, the stronger the bond formed, and vice versa [31]. Additionally, the larger or closer the 
similarity in the binding site location of the active compound to the control compound, the more 
stable the compound is likely to be in binding and influencing the target protein activity. Stigmasterol 
is an active compound found in water hyacinth leaves and has the lowest binding affinity value among 
all active compounds in water hyacinth leaves when tested for docking with both FLT3 and TGFβR1 
proteins. Based on Table 1, stigmasterol has a binding affinity value of -10.2 kcal/mol and a residue 
binding site similarity value of 66.67% compared to the control for the FLT3 protein. The binding sites 
of stigmasterol with the FLT3 protein include LEU 616, VAL 624, ALA 642, LYS 644, PHE 691, LEU 818, 
CYS 828, and PHE 830 (Fig. 1d). There are six binding sites of stigmasterol with FLT3 protein that 
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correspond to the binding positions of the control compound, but none of the stigmasterol binding 
sites on FLT3 protein are located at the cysteine residue 694 (CYS 694), which is the key binding site 
of the control compound used. 
 
On the other hand, in Table 1, stigmasterol has a binding affinity value of -9.4 kcal/mol and a residue 
binding site similarity value of 75% compared to the control for the TGFβR1 protein. The binding sites 
of stigmasterol with the TGFβR1 protein include VAL 219, LYS 232, LEU 260, LEU 278, LYS 337, LEU 
340, and ALA 350 (Fig. 2d). There are six binding sites of stigmasterol with the TGFβR1 protein that 
correspond to the key binding sites of the control compound used, particularly the binding site of 
lysine 232 (LYS 232). Therefore, the researchers speculate that stigmasterol has the potential to serve 
as an active compound component for drugs targeting all types of leukemia, both acute and chronic, 
based on its significantly more negative binding affinity values compared to pyrazole in molecule 
binding with FLT3 protein, and its values approaching those of pyrazole in molecule binding with 
TGFβR1 protein. However, in terms of the similarity of the binding positions of the amino acid 
residues formed, stigmasterol cannot yet be considered suitable as a drug component, especially for 
acute leukemia, because the position of cysteine residue 694 (CYS 694), which is an important binding 
position for the control compound on FLT3, is not fulfilled or not formed when stigmasterol is bound 
to the FLT3 protein. These findings are consistent with Bae & Song [37] and Zhao et al. [26], who 
reported that stigmasterol has been proven to possess anticancer properties, such as inhibiting the 
growth of cholangiocarcinoma, increasing lipid peroxide levels, and damaging DNA by 
downregulating TNF-α I and VEGFR-2, increasing p53 protein expression, suppressing p21 and p27 
protein expression, enhancing proapoptotic signaling (BAX and p53), while reducing antiapoptotic 
signaling, promoting the mitochondrial apoptosis signaling pathway, which includes the 
overexpression of caspase-8 and -9, increasing apoptosis, activating apoptosis proteins such as 
cytochrome c, caspase-3 cleavage, caspase-9, BAK, and BAX, and inhibiting angiogenesis. 
 
Ethyl 9,12,15-octadecatrienoate is an active compound in water hyacinth leaves with the second-
lowest binding affinity after binding with FLT3 protein. According to Table 1, this compound has a 
binding affinity of -7.2 kcal/mol and an amino acid residue binding similarity of 88.89% compared to 
the control. Fig. 1a shows the binding sites of these amino acid residues, including LEU 616, VAL 624, 
ALA 642, LYS 644, MET 665, VAL 675, PHE 691, CYS 694, LEU 818, CYS 828, and PHE 830. There are 
eight binding sites of ethyl 9,12,15-octadecatrienoate with the FLT3 protein, corresponding to the 
key binding sites of the control compound, one of which is the binding site of cysteine residue 694 
(CYS 694). Ethyl 9,12,15-octadecatrienoate functions as a cell survival agent [6]. This agent is 
expected to assist in cell regulation, particularly during cell division. Therefore, the researchers 
speculate that ethyl 9,12,15-octadecatrienoate has the potential to become an active compound 
component for acute leukemia based on its binding affinity activity, which is close to the binding 
affinity of pyrazole in the binding of ethyl 9,12,15-octadecatrienoate with FLT3 protein, as well as the 
many similarities, particularly the important binding positions of residues, namely cysteine 694 (CYS 
694) formed during the binding of ethyl 9,12,15-octadecatrienoate with the FLT3 protein. 
 
The active compound from water hyacinth leaves with the second most negative binding affinity in 
the binding of molecules with TGFβR1 protein is dibutyl phthalate. Dibutyl phthalate has a binding 
affinity value of -7.2 kcal/mol and an amino acid residue binding similarity value with the control of 
62.5% (Table 1). The binding sites of this compound with the TGFβR1 protein include VAL 219, LYS 
232, LEU 260, LEU 278, SER 280, LEU 340, and ALA 350 (Fig. 2a). The position of lysine 232 (LYS 232), 
which is an important binding site for the control with the TGFβR1 protein, is also present at the 
binding site of dibutyl phthalate with the TGFβR1 protein, followed by four other amino acid residue 
binding sites. Previous studies that dibutyl phthalate is known to have an antitumor role. This 
compound has been shown to be active in significantly inhibiting tumor cell growth [20], [38]. Based 
on the binding affinity activity results, which are close to the pyrazole binding affinity values in the 
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binding of molecules with the TGFβR1 protein, and the significant number of binding site similarities 
compared to the control, particularly the formation of the important binding site of lysine 232 (LYS 
232) in the binding results with the TGFβR1 protein, the researchers speculate that dibutyl phthalate 
has the potential to become a component active compound component for chronic leukemia. 
 
Phytol is the compound with the third lowest binding affinity value after binding to both FLT3 and 
TGFβR1 proteins. This compound also produced a binding affinity value of -7.1 kcal/mol after binding 
with both target proteins, with amino acid residue binding similarity values compared to the control 
on each target protein of 66.67% for binding with FLT3 protein and 75% for binding with TGFβR1 
protein (Table 1). Fig. 1c shows the binding sites of phytol with FLT3 protein, including LEU 616, VAL 
624, ALA 642, VAL 675, PHE 691, TYR 693, LEU 818, CYS 828, PHE 830, and ARG 834. There are six 
binding sites of phytol with the FLT3 protein that correspond to the binding positions of the control 
compound, but none of the phytol binding sites on the FLT3 protein are located at the cysteine 
residue 694 (CYS 694), which is the critical binding site of the control compound used. 
 
On the other hand, the binding sites of phytol with TGFβR1 protein include PHE 216, GLY 217, VAL 
219, ALA 230, LYS 232, TYR 249, LEU 260, PHE 262, LEU 278, LEU 340, and ALA 350 (Fig. 2c). The 
binding sites of phytol with the TGFβR1 protein resulted in six positions similar to the binding sites of 
the control used against the TGFβR1 protein. One of the similarities in binding sites involves the 
position of lysine 232 (LYS 232). Phytol itself has been studied for its various activities, including anti-
inflammatory, anti-allergenic, immunostimulatory, anti-nociceptive, antibacterial, and antioxidant 
properties. Additionally, this compound can induce mitochondrial membrane potential 
depolarization, induce apoptosis, and exhibit strong anti-angiogenic effects, making it a potential 
antiproliferative and anti-angiogenic agent [39], [40]. Based on the activities observed, researchers 
speculate that phytol has the potential to serve as an active compound component for drugs 
targeting all types of leukemia, both acute and chronic, due to its binding affinity values that are close 
to those of pyrazole when binding to both FLT3 and TGFβR1 proteins. However, in terms of the 
similarity of the binding positions of the amino acid residues formed, phytol has not yet been 
confirmed as suitable for use as a drug component, particularly for acute leukemia, because the 
important binding residue position of the control compound on FLT3, namely cysteine 694 (CYS 694), 
is not fulfilled or not formed when phytol is bound to the FLT3 protein. 

Conclusion  

Based on the results of exploration and computational testing that have been conducted, the 
conclusion obtained is that the results of the molecular docking study between the active 
compounds of water hyacinth leaves and the proteins FLT3 and TGFβR1 identified one active 
compound from water hyacinth leaves that has potential as a candidate drug for acute leukemia, 
namely ethyl 9,12,15-octadecatrienoate. On the other hand, three active compounds from water 
hyacinth leaves were also identified as potential candidates for chronic leukemia drugs, namely 
stigmasterol, dibutyl phthalate, and phytol. These compounds are predicted to be potential 
candidates for leukemia drugs based on the binding affinity values, which are more negative or closer 
to the binding affinity values of the reference compounds used. Additionally, the binding positions 
of these compounds with their target proteins can also determine the stability of their interactions. 
Both ethyl 9,12,15-octadecatrienoate, stigmasterol, dibutyl phthalate, and phytol form binding at 
binding sites consistent with the control compounds used for target protein, suggesting that these 
compounds have potential as candidate drugs for leukemia. 
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