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This study aims to evaluate the potential of active compounds from
the Red Spinach plant (Amaranthus tricolor L.) as an inhibitor agent
for the genetic disease anemia through a molecular docking
approach. The method used involved analyzing the 3D structures of
four active compounds Phenol, Lutein, Quercetin, and Zeaxanthin in
these plants, which were downloaded from PubChem and processed
using the Swiss software Target Prediction, Super Prediction, PyMol,
and PyRx. The interaction between the compound and the biological
target, in this case, Erythropoietin, is evaluated to determine binding
energy, binding affinity, and stability. The results showed that
Phenol and Quercetin had a significant interaction with the lowest
binding energy of -4.8 kcal/mol and -8.1 kcal/mol respectively, as
well as the lowest RMSD value (0 A), indicating good interaction
stability with the protein target. The 3D molecular structure of these
two compounds also indicates the presence of hydrogen bonds and
effective interactions with amino acids, as well as low toxicity and
favorable affinity energies. Based on these results, Phenol and
Quercetin  were identified as potential candidates in the
development of drugs to treat anemia genetic diseases, thanks to
their favorable interaction properties and molecular structural
characteristics. This research underlines the importance of the
molecular docking approach in identifying bioactive compounds
that can be further developed as therapies for the genetic disease
anemia.
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INTRODUCTION

A genetic disease is a sign of an abnormality in a gene or chromosome, which is a characteristic
factor in an organism. Genetic diseases can occur in one gene, more than one gene, and even
chromosomes. Genetic diseases that are multifactorial can involve genetic factors and are
influenced by external factors such as the environment and lifestyle(Ambarwati et al,
2023)(Khairani, Afrianti, et al., 2024)(Khairani, Anggraini, et al,, 2024). A genetic disease is a
medical condition caused by mutations in an individual's genes. These genes contain instructions
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for the process of forming proteins that are important in body function. When a genetic mutation
occurs, the resulting protein does not function properly or is not produced at all. Genetic diseases
can be hereditary, that is, inherited from one or both parents, or occur randomly in response to
certain environmental factors(Effendi & Rumah, 2020)(Rahmat, 2021).

According to Laksono (2011), several diseases caused by genetic disorders include,
Dentigenesis imperfecta, Achondroplasia, Albino, deaf-mute, Hemophilia, red-green color
blindness, Thalassemia, Diabetes mellitus, Leukemia, and Anemia. Meanwhile, those caused by
chromosomal abnormalities are Down syndrome, Turner syndrome, and chromosome structure
abnormalities such as Cri du chat syndrome, de Groucy syndrome (mosaic chromosomes)(Laksono
et al,, 2011)(Aminah & Yunitasari, 2022).

The expression of genetic diseases can vary with some individuals being healthy carriers
without showing symptoms, while others experience severe symptoms. The environment also
influences the expression of disease with various factors such as pollution or exposure to toxic
chemicals that can worsen symptoms or accelerate disease progression(Irianti & Pramono,
2022)(Indarwati et al., 2024)(Basri, 2024). Diagnosis and treatment of genetic diseases involves
genetic testing with treatment that can vary depending on the type and severity, including gene
therapy, symptomatic treatment, or genetic therapy. By knowing the relationship between gene
mutations that can cause genetic diseases, early prevention or appropriate treatment can be carried
out(Amanullah, 2022)(Damanik et al., 2024).

Anemia is a disease that is a global health problem that can affect millions of people
throughout the world. This condition is caused by various factors, including iron deficiency,
vitamin B12 or folic acid deficiency, bone marrow disorders, and also certain chronic diseases(Al
Ikhsan et al., 2023). According to Aulya (2022) anemia is a medical condition characterized by a
low number of red blood cells or low hemoglobin levels in the blood. Management of anemia often
involves therapy aimed at increasing red blood cell production or increasing the availability of
substances needed to form the hemoglobin structure(Cakrawati et al., 2024)(Islami et al., 2024).
(Aditomo, 2019)(Rohmania, 2019)(Zulqifni & Suandika, 2022) added that anemia is characterized
by a low number of red blood cells or hemoglobin content in the body and causes a lack of oxygen
carried by the blood to the body's tissues. This can result in symptoms such as fatigue, weakness,
dizziness, and shortness of breath. Anemia can be caused by various factors, including deficiencies
in iron, vitamin B12, folic acid, or genetic disorders in the formation of red blood cells(Nurbaya et
al., 2019)(Pinasti et al., 2020). According to Muhayati (2019), the normal Hb levels found in men
and women are different, where the Hb levels for men with anemia are less than 13.5 g/dl, while
the Hb levels for women with anemia are less than 12 g/dl. etc. One plant that the public can trust
because it contains several active compounds and can treat anemia is the red spinach
plant(Sholihah, 2022).

Red spinach is a plant that has long been known as a rich source of nutrients, including
bioactive compounds that can provide health benefits. Red spinach contains antioxidants such as
beta-carotene, phenol, lutein, quercetin, and zeaxanthin which help protect body cells from
damage caused by free radicals and other diseases. Free radicals can damage red blood cells and
interfere with hemoglobin production, which can cause anemia(Wijayanti & Qomariyah, 2023).
Anjarwati (2023) added that red spinach is the plant most often consumed by the public because
red spinach contains anthocyanins which act as antioxidants and function to prevent the formation
of free radicals and other symptoms of disease. In an effort to increase prevention of various
diseases in red spinach plants, a molecular docking technique can be used by analyzing the
compound content in red spinach plants and the biological targets that will be obtained(Ahsan et
al., 2020)(Monica Sari et al., 2022). Molecular dockingis a computational procedure that can be used
to efficiently predict the chemical bonding of a macromolecule (receptor) with a small molecule
(ligand). Molecular docking can identify a new compound using its structure through molecular
docking simulations which can enable predictions of interactions between target proteins and
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ligands at the molecular level and describe the relationship between structure and activity. The
purpose of docking is to determine the conformation and binding free energy involved in the
interaction between the receptor and the ligand(Frimayanti et al., 2021)(Sihaloho & Arfan, 2023).
Molecular docking is very relevant in research and development as an inhibitor agent. According
to Aziz (2022), inhibitor agents aim to disrupt or regulate certain biological pathways. This can be
done by inhibiting enzyme activity, blocking receptors, or disrupting interactions between certain
molecules in biological systems. Inhibitory agents often have specificity towards certain targets
with the aim of being designed to bind to the target with high affinity, but not interact with other
molecules in the biological system to avoid undesirable side effects (Aziz et al., 2022).

The aim of this research is to identify active compounds in the Red Spinach plant
(Amaranthus tricolor L.) which have potential as inhibitory agents for the genetic disease anemia
through molecular docking analysis. This research aims to reveal the interactions between these
compounds and biological targets that play a role in regulating hemoglobin production. Apart
from that, this research also aims to evaluate the molecular structure of these potential compounds,
with the hope of developing drugs or supplements that are effective in treating the genetic disease
anemia.

With the background mentioned previously, researchers are interested in carrying out
research on "Molecular Docking in Red Spinach Plants (Amaranthus tricolor L.) as an Inhibitory
Agent for the Genetic Disease of Anemia". This research is intended to explore the potential of
compounds contained in red spinach plants which may have inhibitory properties against the
genetic disease anemia. Using molecular docking techniques, this research will model the
interactions between compounds in red spinach and biological targets involved in the regulation of
hemoglobin production.

RESEARCH METHOD

This research was conducted at the Biology Laboratory of the North Sumatra State Islamic
University, Medan from 25 to 29 July 2024. The equipment used included an Asus A450C
computer with Intel Core i3 CPU specifications, 2GB memory and 500GB storage, as well as
various software such as PubChem, PASS Online, and PyRx. The research material consists of the
3D structure of the active compound red spinach (Phenol, Lutein, Quercetin, Zeaxanthin) and the
reference compound Erythropoietin, which were downloaded from PubChem and processed with
Swiss Target Prediction and Super Prediction software to obtain target protein data.

The research procedure begins with searching and preparing the 3D structure of the active
compound, which is downloaded in *sdf format from PubChem, and analyzed using PASS Online
to determine biological activity. Next, target protein identification was carried out using Swiss
Target Prediction and Super Prediction, followed by validation of the 3D protein structure via
NCBI and Saves Webserver. Ligand and target protein structures were prepared with PyMol and
PyRx, including optimization and water content removal for docking analysis. Molecular docking
analysis was carried out with PyRx to evaluate ligand interactions with target proteins. After that,
ADME and toxicity analyzes were carried out using SwissADME and Protox to assess the
compound's potential as a drug, including absorption, distribution, metabolism and excretion as
well as side effects. The research data were analyzed based on binding energy, binding affinity,
RMSD, and docking visualization by complying with Lipinski's rules to evaluate the potential of
compounds as therapeutic agents.
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RESULTS AND DISCUSSIONS

Energy Value of Target Proteins
Phenol

The results of testing the binding energy value of the target protein in phenol compounds
are as follows.

Table 1. Results of Adenylate cyclase target protein binding energy values

Ligand Binding Affinity RMSD/ub (A) RMSD/Ib (A)
12C_1 4.8 0 0
1ZC_2 -45 2,605 1,873
12C_3 43 3,172 218
1ZC_4 42 10.34 9.13
1ZC_5 4.1 14.1 13,269
1ZC_6 -4 4,207 3,105
12C_7 -4 3,978 3.28
12C_8 -4 25,565 24.59
1ZC_9 -3.9 12,626 12,189

Based on the results of testing the binding energy value of the target protein Adenylate
cyclaseon phenol compounds shows that the binding affinity value ranges from -4.8 to -3.9
kcal/mol. A negative value indicates that the interaction between the phenolic compound and the
target protein is exothermic and stable. The value -4.8 kcal/mol indicates the strongest interaction,
while -3.9 kcal/mol indicates a weaker interaction. At the point with a bond energy of -4.8
kcal/mol, the RMSD for both the upper and lower bounds is 0, which indicates that the ligand is in
a stable position and there is no change in position. An increasing RMSD value indicates that the
ligand position becomes more unstable. For example, at -4.2 kcal/mol, the RMSD reaches 10.34 A
for the upper bound and 9.13 A for the lower bound, which indicates a significant change in the
position of the ligand from its initial position. More negative binding energy values indicate more
stable interactions, while increasing RMSD values indicate instability of the ligand position.
Therefore, the phenol compound which has the lowest binding energy (-4.8 kcal/mol) and the
lowest RMSD (0) A is the best in terms of interaction stability with the protein target, namely
1ZC_Phenoll.

Lutein
The results of testing the binding energy value of the target protein in the lutein compound
are as follows.

Table 1. Results of binding energy values for the target protein tyrosine-protein
phosphatase non-receptor type 2

Ligand Binding Affinity RMSD/ub (A) RMSD/1b (A)
7UAD_1 -8.2 0 0
7UAD_2 -8 19,642 2,739
7UAD_3 7.8 2,089 1.19
7UAD_4 7.7 39,246 34,882
7UAD_5 7.6 18,692 1,806
7UAD_6 7.4 18,742 1,802
7UAD_7 7.3 2,628 1,522
7UAD_8 7.3 2,699 1,643
7UAD_9 7.2 18,808 1,716

Based on the results of testing the binding energy value of the target protein Tyrosine-
protein phosphatase non-receptor type 2 in the lutein compound, it shows that the binding affinity
value ranges from -8.2 to -7.2 kcal/mol. The highest binding energy value was -8.2 kcal/mol,
which indicated that the interaction was the most stable between lutein and the target protein. The
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binding energy values -8.0, -7.8, indicate that the interaction of the ligand with the protein becomes
weaker. This can be seen in the bond energy of -7.2 kcal/mol which is the lowest value in the data.
At the point with a bond energy of -8.2 kcal/mol, the RMSD for both upper and lower bounds is 0,
which indicates that the ligand is in a stable position and there is no change in position. At a bond
energy of -8.0 kcal/mol, the RMSD for the upper bound increases to 19.642 A, which indicates a
significant change in position from the initial position. The lower bound RMSD remains relatively
low at 2.739 A. At a binding energy value of -7.7 kcal/mol, the upper bound RMSD reaches 39.246
A, which indicates greater instability of the ligand position. There is a negative relationship
between bond energy and RMSD. As the binding energy decreases, the RMSD value often
increases and indicates that the ligand is no longer tightly bound to the protein bond. This
indicates that the interaction of the ligand with the protein is inaccurate due to the increased
RMSD(Rena et al., 2022). For example, at a bond energy value of -7.6 kcal/mol, the upper bound
RMSD remains high, namely 18.692 A, while the lower bound remains more stable at 1.806 A. The
target protein that has the lowest binding energy (-8.2 kcal/mol) and the lowest RMSD (0) A is the
best in terms of interaction stability with the target protein.

Quercetin
The results of testing the binding energy value of the target protein in the quercetin
compound are as follows.

Table 3. Results of Epidermal growth factor receptor (EGFR) target protein binding energy values

Ligand Binding Affinity RMSD/ub (A) RMSD/Ib (A)
erBbl_1 8.1 0 0
erBbl_2 -8 3,023 2,022
erBbl_3 -7.8 7,155 1,993
erBbl_4 -7.8 6,928 1,911
erBb1_5 -7.5 6,018 3,316
erBbl_6 -75 4,293 2,005
erBbl_7 -6.9 8,857 3,691
erBbl_8 -6.8 8,973 4,204
erBb1_9 -6.6 28.38 25,309

Based on the results of testing the binding energy value of the Epidermal growth factor
receptor (EGFR) target protein in the quercetin compound, it shows that the binding value that has
the potential to act as an inhibitor for the target protein erBB1 based on binding affinity analysis is
(-8.1 kcal/mol). The binding affinity values for several ligands, including quercetin, provide an
idea of the strength of the bond between the ligand and the protein. For example, erBb1_1 has the
lowest binding affinity value (-8.1 kcal/mol), which indicates that the target protein binds very
strongly. If quercetin shows a binding affinity value that is close to or more negative than -8.1
kcal/mol, this indicates that quercetin has the ability to bind well to the erBB1 protein which has
the potential to inhibit the activity of this protein. If quercetin has a binding value close to or more
negative than -8.1 kcal/mol, then quercetin can be considered a strong binder for erBB1. erBbl_1:
RMSD/ub 0 A and RMSD/1b 0 A are stable bonds, erBb1_2: RMSD/ub 3.023 A, RMSD/1b 2.022 A,
erBbl1_3: RMSD/ub 7.155 A, RMSD/1b 1.993 A, erBb1_9: RMSD/ ub 28.38 A, RMSD/1b 25.309 A is
the most unstable bond. From the RMSD data, it can be concluded that ligands with lower
RMSD/1b show better binding stability. On the other hand, a high RMSD/Ib value indicates that
the ligand may not bind well to the target protein.

Zeaxanthin
The results of testing the binding energy value of the target protein in the zeaxanthin
compound are as follows.
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Table 4. Results of target protein binding energy values Protein-tyrosine phosphatase 1B (PTPN1)

Ligand Binding Affinity RMSD/ub (A)  RMSD/Ib (A)
PTPN1 1 -8 0 0
PTPN1 2 7 18,875 1,819
PTPN1 3 7 12,804 10,039
PTPN1 4 69 37,141 30,287
PTPN1 5 6.8 18,843 134
PTPN1 6 6.8 20,804 15,591
PTPN1 7 6.8 31.8 27,111
PTPN1 8 6.6 51,507 47,004
PTPN1 9 6.6 51,696 47,234

Based on the results of testing the binding energy value of the target protein Protein-
tyrosine phosphatase 1B (PTPN1) in the zeaxanthin compound, it shows that the ligand binds to
the PTPN1 target protein. Binding affinity values are measured in calories per mole (kcal/mol),
where lower values indicate stronger bonds. From the results of existing data testing, PTPN1_1
shows the best binding affinity with a value of -8 kcal/mol, which means this compound binds
very strongly to PTPN1. Meanwhile, PTPN1_2 to PTPN1_9 have lower affinity values (-6.6 to -7
kcal/mol), which indicates that the bond is less strong than PTPN1_1. Higher RMSD values
indicate greater structural changes when bound to the ligand. PTPN1_4 with RMSD/ub values of
37141 A and RMSD/Ib 30.287 A, this shows that the protein structure undergoes significant
changes when it binds to the ligand. PTPN1_1 showed lower and stable RMSD/ub and RMSD/1b
upon binding. Based on the data that has been tested, if zeaxanthin has a binding affinity that is
close to or equivalent to PTPN1_1, then this compound can be considered a good candidate for
binding to PTPN1 and is likely to have significant biological potential.

Drug Feasibility Test Based on Lipinski (rule of five)

Table 5. Results of drug feasibility test analysis based on Lipinski's rule (rule of five)
Molecular

: H-bond H-bond Molar
Compound weight <500 acceptors <10 donors <5 LogP<5 Refractivity
(g/mol)
Phenol 94.11 g/ mol 1 1 1.24 28.46
Lutein 568.87 g/mol 2 2 7.15 186.76
Quercetin 302.24 g/mol 7 5 1.63 78.03
Zeaxanthin 568.87 g/mol 2 2 7.23 186.76
Erythropoietin 267.24 g/mol 7 2 1.93 61.73

Lipinskiis an experimental and computational method for estimating solubility, membrane
permeability, and efficacy in the setting of drug design development. Lipinski (Rule of five) or
Lipinski's rule of five which is also known as Pfizer's rule of five for short (RO5) is a rule of thumb
for evaluating drug likeness and determining whether a chemical compound with certain
pharmacological or biological activity has the chemical properties and physical properties that will
make it be an active drug in humans. By looking at the pharmacological activity of each type of
drug compound, drug suitability testing is carried out in accordance with Lipinski's rules(Riyaldi
et al., 2022). Based on the drug suitability test results in the table, Lipinski (rule of five) values were
obtained for three compounds that complied with the rules and no violations were found. The
phenol compound has a molecular weight of 94.11 g/mol, 1 H-bond acceptor and 1 H-bond donor,
a LogP value of 1.24 with a molar refractivity of 28.46. The quercetin compound has a molecular
weight of 302.24 g/mol, 7 H-bond acceptors and 5 H-bond donors, a LogP value of 1.63 with a
molar refractivity of 78.03. The drug compound erythropoietin has a molecular weight of 267.24
g/mol, 7 H-bond acceptors and 2 H-bond donors, a LogP value of 1.93 with a molar refractivity of
61.73. This shows that these three compounds have values that are in accordance with the test
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results that have been carried out and no violations were found (0 violations), thus allowing these
three compounds to bind and produce perfect values and bonds.(Kusmiati, 2012).

Visualization of Molecular Docking Results
3D Structure Visualization between Ligands and Phenol compounds

HN —R
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(// R

GIn304A

(B)
Figure 1. (A) Visualization of the 3D molecular docking structure of phenol compounds that bind to the
Adenylate cyclase protein, (B) Visualization of the 2D structure of hydrogen bonds and hydrophobic bonds
that bind to the Adenylate cyclase protein

Visualization of 3D structure docking results was carried out using PyMOL software using
scoring data for each ligand and protein that had been prepared, while visualization of 3D and 2D
structure bonding interactions used protein plus software. The 3D structure visualization results
show that the first parameter seen from the docking results is the affinity energy (AG) that occurs.
Affinity energy shows how strong the bond between the protein and the ligand is. Good affinity
energy will show an increasingly negative (low) AG value. A low affinity value indicates that the
compound requires little energy during the binding process, so it can be said that low affinity
energy proves that the compound has greater potential to interact and form strong bonds with the
target protein. The inhibition constant (ki) value shows the concentration required for the ligand to
inhibit the target protein. A good inhibition constant is a ki value that is getting smaller. The
stability of the ligand-receptor interaction is directly proportional to the binding potential of the
compound, so it can be said that a target protein binding can predict the inhibitory ability of a
compound to inhibit a disease on the protein it binds to. The value of the affinity energy for
Adenylate cyclase protein in red spinach plants ranges from -4.8 to -3.9 kcal/mol, while the free
binding energy (AG) of the validation ligand is -4.1 kcal/mol.

Compound ligands and receptors interact with the smallest energy so that the molecules
are in a stable state (Rena, 2022). In the 2D structure visualization results, it can be seen that the
ligand binds a hydrogen bond and a hydrophobic bond. Phenol compounds, which have a basic
structure in the form of a benzene ring with one hydroxyl group (-OH), are known for their ability
to interact with various ligands through hydrogen bonds and hydrophobic interactions. When
phenol interacts with a non-polar ligand, there will be changes in the water molecules surrounding
the ligand and can cause an increase in complex stability through hydrophobic interactions.
Positive hydrophobic energy values indicate that this interaction can be affinity beneficial, as it
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reduces the entropy of the system by minimizing interactions with water. In phenol compounds
the hydroxyl group can act as a hydrogen bond donor which interacts with the hydrogen bond
acceptor in the ligand. This interaction not only increases the stability of the complex formed but
also contributes to the binding affinity between the phenol and the ligand. The high hydrogen
bond energy indicates a strong and specific interaction to increase the potential of phenol as a
ligand in biological systems. Based on the RMSD value, it shows that phenol compounds have the
lowest binding energy (-4.8 kcal/mol) and the lowest RMSD (0) A, so this can be said to be good in
terms of interaction stability with protein targets. This can be confirmed that phenol compounds
can be used as conformations or candidates for a drug as an inhibitor in the genetic disease anemia.

3D Structure Visualization between Ligand and Quercetin compound

(B)
Figure 2. (A) Visualization of the 3D molecular docking structure of the quercetin compoundbinds to the
Epidermal growth factor receptor (EGFR) protein, (B) Visualization of the 2D structure of hydrogen bonds
and hydrophobic bonds that bind to the Epidermal growth factor receptor (EGFR) protein

Visualization of 3D structure docking results was carried out using PyMOL software using
scoring data for each ligand and protein that had been prepared, while visualization of 3D and 2D
structure bond interactions used protein plus software. The results of the visualization of the 3D
structure of the quercetin compound show that the target protein Epidermal growth factor receptor
(EGEFR) in the quercetin compound shows a potential binding as an inhibitor for the target protein
erBB1 based on binding affinity analysis, namely (-8.1 kcal/mol). The binding affinity value for the
quercetin compound provides an idea of the strength of the bond between the ligand and the
protein. The properties of the compounds used in the anchoring process will be assessed first using
Lipinski's rule (Rule of five). The aim is to determine the active pharmacological activity of the
compound that will be used as a ligand. In accordance with Lipinski's rules, where the molecular
weight of quercetin compounds (<500 g/mol), LogP (<5), H-bond donor (<5) and H-bond acceptor
(<10), so that no violations were found.

The results in the 3D structure image show molecular docking binding by the quercetin
compound to the target protein Epidermal growth factor receptor (EGFR) with a binding affinity
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value of -8.1 kcal/mol, while the results of molecular docking of the quercetin compound to the
target protein Epidermal growth factor receptor (EGFR) obtained binding affinity is -7.6. A lower
binding affinity value indicates better interaction stability between the ligand and receptor. The
RMSD value is the main parameter in validating molecular docking bonds. The RMSD value also
shows the comparison of the conformation of the natural ligand with the docking results, where
this value will later show how strong the protein bonds are. The natural ligand of the quercetin
compound with the target protein Epidermal growth factor receptor (EGFR) was able to
demonstrate its binding by producing values that can be said to be valid and capable of being used
for docking test ligands because the RMSD value = 0.8 A.

Based on the docking visualization results between the Epidermal growth factor receptor
(EGFR) receptor and the quercetin compound in the red spinach plant (Amaranthus tricolor L.), it
shows that various bonds are formed, including several amino acid residues, namely hydrophobic
bonds which are visible in the visualization results which indicate the presence of activity.
hydrophobic. Hydrophobic bonds are non-polar molecules that do not dissolve in water and these
bonds are very important in the process of uniting the non-polar region of the ligand molecule
with the non-polar region of the target receptor (Hariz, 2019). Apart from that, there is a binding
interaction between the compound and the active site of the target protein, which is characterized
by the formation of energy in the form of conventional hydrogen bonds. Hydrogen and
hydrophobic bonds cause changes in biological activity and provide certain pharmacological
effects, or in other words, these compounds can react as drugs when they bind to marker receptors
for anemia. The ability of quercetin compounds to bind to ligands through hydrophobic energy
mechanisms and hydrogen bonds plays a key role in their biological activity. These interactions
can influence various biological processes, including the regulation of inflammation, antioxidant
activity, and the ability of quercetin to bind protein targets. Analysis of these hydrophobic and
hydrogen energy affinity values is important for understanding the therapeutic potential of
quercetin and for designing new compounds in the development of more effective drugs.

CONCLUSION

Based on the results of research on molecular docking on red spinach (Amaranthus tricolor L.) as
an inhibitor agent for the genetic disease anemia, it can be concluded that there are four active
compounds in this plant which play an important role in the conformation of drug candidates,
namely Phenol, Lutein, Quercetin, and Zeaxanthin. Molecular docking analysis shows that Phenol
and Quercetin have the best interaction, with the lowest binding energy values of -4.8 kcal/mol
and -8.1 kcal/mol respectively and the lowest RMSD value (0 A), indicating optimal interaction
stability with the target protein. In addition, the molecular structure characteristics in 3D form of
Phenol and Quercetin indicate the presence of good hydrogen bonds and amino acid interactions
with the reference drug Erythropoietin, as well as low toxicity and good affinity energy values.
Therefore, these two compounds have the potential to be candidates for developing drugs for the
genetic disease anemia.
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