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ABSTRACT
Anemia, characterized by blood hemoglobin (Hb) levels below the World Health

Article History: Organization's (WHO) normal limit, remains a significant health concern. Date fruit

Received: 5", April 2024 (Phoenix dactylifera L.) stands out as an herbal plant boasting the highest iron content at
Revised: 3", June 2024 13.7 mg, suggesting its potential as an anti-anemia agent. This study aimed to explore the
Accepted: 30™, July 2024 anti-anemia potential of active compounds in date fruit using average linkage clustering

Published:14™, October 2024 and validated using molecular docking. Compounds from dates were gathered via GC-
MS analysis and online databases, totaling 145 compounds—50 from GC-MS and 95 from
Knapsack and Dr. Duke databases. Additionally, 5 lead compounds served as positive

Keywords: controls for comparison. SwissADME online servers assessed the compounds' properties,
Anemia; serving as materials for the clustering method. The average linkage clustering method
Average Linkage Clustering; was employed, yielding an excellent dendrogram with a cophenetic correlation of 0.711.
Dates: Notably, a total of 17 date fruit compounds are in the same cluster as the lead compounds.
Molecular Docking. Molecular docking revealed 4 date palm fruit-derived compounds as potential PHD

enzyme inhibitors, promising for anemia treatment. In conclusion, the average linkage
clustering method and validation using molecular docking approaches highlight date
fruit's potential as an alternative anemia treatment, showcasing the significance of
interdisciplinary methodologies in drug discovery.
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1. INTRODUCTION

Anemia is still a serious issue in global health, especially in developing countries like Indonesia.
Anemia is characterized by blood hemoglobin (Hb) levels below the normal limit (less than 11 g/dL in
pregnant women and less than 12 g/dL in nonpregnant women) set by the World Health Organization (WHO).
Anemia can lead to decreased immunity, growth problems, stunted mental development, and decreased
physical fitness [1]. Globally, based on estimates made by WHO in 2019, there are almost 270 million
children aged 6-59 months and over 500 million women aged 15-49 years old affected by anemia [2].
Meanwhile, In Indonesia the incidence of anemia is quite high, according to Basic Health Research data in
2018, anemia occurred at 32% among adolescents aged 15-24 years [3]. Adolescent girls with anemia are at
risk of developing this condition during pregnancy, which can affect fetal growth, such as stunting. Therefore,
anemia is one of the focuses of the Sustainable Development Goals (SDGs) [4].

The 2nd SDG, which focuses on "Zero Hunger", makes reducing the prevalence of anemia in
adolescent girls one of the crucial targets that need to be done to accelerate progress towards achieving the
2nd SDG. The most common deficiency leading to anemia is iron deficiency, which is referred to as Iron
Deficiency Anemia (ADB) [4]. The estimation of anemia made by WHO in 2019 shows that almost 60% of
the anemia cases were caused by dietary iron deficiency [5]. In developed countries, ADB is an important
public health issue [6]. Pregnant women with ADB have a higher rate of low birth weight (<2500 gr) which
causes stunting in infants [7]. One of the strategies to treat anemia is using Blood Addition Tablets as an iron
supplement. Unfortunately, research conducted by Moretti and the team shows that more iron
supplementation taken would likely produce poorer results because only a relatively small amount of oral
iron is absorbed by the body [8]. Furthermore, based on research conducted by Tolkien and the team, it is
shown that oral supplements taken on an empty stomach can cause epigastric pain and nausea in some women
[9]. Therefore, alternatives such as herbal plants are needed that have less effect [10]. Date fruit Phoenix
dactylifera L. is an herbal plant that has a lot of vitamins, minerals, folic acid, and zinc. Research conducted
by Husnah and team shows a significant increase in Hb levels in participants after the administration of dates
[11].

Testing the potential of date fruit as an anti-anemia can be done in vivo. However, in-vivo tests
generally require a large number of test animals, time, and labor. Therefore, the development of alternative
methods, such as molecular docking, an in-silico test method that is more efficient in terms of time, cost, and
energy [12]. The method has been used by Arthi and team in 2023 to identify novel anti-HCV protease
inhibitors [13]. Although the results are accurate, this method still requires many tools and stages. Therefore,
a more efficient method or approach is needed regarding cost, time, tools, and stages. One possible approach
is a statistical approach, such as clustering. The clustering method is used for grouping similar objects based
on their characteristics [14]. Clustering methods are divided into two types, namely hierarchical and non-
hierarchical. A study conducted by Lu and team in 2016 used an algorithm in the non-hierarchical method,
namely K-means, to identify compounds that have potential as alternative lung cancer drugs based on the
nature of the compounds. However, this algorithm has not provided sufficiently accurate clustering results
because the selection of the optimal number of clusters is based on the subjectivity of the researcher [15].

As an alternative method, the hierarchical clustering method is a more objective choice because the
optimal number of clusters does not depend on the subjectivity of the researcher, but is obtained from the
dendrogram of the data formed [16]. This method was carried out by Yusniyanti and team in 2021 in mapping
provinces in Indonesia based on the welfare of its people and obtained the result that the average linkage
method is more effective than the K-means method [17]. This is characterized by a smaller variance ratio,
which is 0.08. There are three types of linkage clustering methods: single linkage, complete linkage, and
average linkage. In 2021 Reinaldi and team were researching to map community welfare in East Java using
three linkage methods: single linkage, complete linkage, and average linkage. The results showed that the
average linkage method was also the best method with a silhouette index value of 0.61 [18]. Among the single
linkage, complete linkage, and average linkage methods only the average linkage method is used for most
applications because both the single and complete linkage methods results can be greatly affected by noise.

To validate the results, in-silico methods known as molecular docking will be employed. In the
molecular docking method, the aim is to determine how strongly a drug binds to its target, such as a target
protein in the human body. A higher binding energy indicates a stronger bond between the drug and its target,
which is desired in drug development to ensure optimal therapeutic effectiveness. In this study, if the binding
energy of a drug compound and a date compound that are in the same cluster are similar, then the clustering
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result can be assumed to be valid. The identification of active compounds in date fruit will be conducted
through the maceration extraction process and Gas Chromatography-Mass Spectrometer (GC-MS) analysis
[19].

2. RESEARCH METHODS

2.1 Materials

The materials used were dates fruit (Phoenix dactylifera L.), distilled water, and 96% ethanol.
2.2 Tools

The tools used are beakers, erlenmeyer, test tubes, stirring rods, funnels, hot plates, Gas
Chromatography-Mass Spectrometer (GC-MS) grinders, ovens, Google Colab, Autodock4, Autodock Tools,
Chimera, and Discovery Studio Visualizer.

2.3 Research Variables

The variables used for compound clustering in this research are structural and physicochemical
properties of date fruit compounds and compared with synthetic chemical drugs for anemia, especially iron
deficiency anemia (IDA), obtained through the SwissADME database at http://www.swissadme.ch/. The
properties of compounds used are structural, lipophilicity, water solubility, pharmacokinetics, drug-likeness,
and medicinal chemistry. The obtained active compounds will then be verified using the Simplified Molecular
Input Line Entry System (SMILES) to describe their chemical structure in code format. SMILES will
facilitate the retrieval of compound properties on the SwissADME website [20].

2.4 Extraction and ldentification of Date Fruit

The extraction process was carried out by separating 1 kg of date fruit flesh from the seeds. Furthermore,
the date fruit was chopped and dried using an oven at 50°C to form dry simplisia. The date fruit simplisia
obtained was then grounded and resulted in 150 grams of date fruit powder. The maceration method was
conducted using 96% ethanol solvent for 3 x 24 hours with occasional stirring. After that, all the macerates
were combined and then evaporated until a thick extract was obtained. Therefore, the extract was analyzed
using a GC-MS instrument to identify the compounds contained in date fruit. Identification of date fruit
compounds was also obtained using Knapsack (http://www.knapsackfamily.com/) and Dr. Duke
(https://phytochem.nal.usda.gov/) online databases. All compounds collected have their respective SMILES
and are collected using the PubChem online database at https://pubchem.ncbi.nim.nih.gov/. The SMILES
code is used to gain research variables in the form of structural and physicochemical properties of compounds
in the SwissADME online database.

2.5 Lead Compound Identification

There are five compounds used as lead compounds from synthetic drugs that have previously been
tested on living organisms. The lead compound data and research variables are listed in supplementary files.
The five lead compounds are:

Ascorbic acid [21]

Ferric cation [22]

Ferric derisomaltose [23]
Ferrous sulfate anhydrous [24]
Ferumoxytol [25]

agrwOdE

All SMILES code of lead compounds was collected from the Drugbank database, and the evaluation
of structural properties was obtained from the SwissADME online database.
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2.6 Data Analysis

Data analysis in this study used the clustering method to group date fruit compounds that have the
potential as an alternative to anemia treatment. The clustering method used is the average linkage method.
The following are the steps of data analysis carried out in this study:

Standardize the scaler on numeric type data.

Decoding categorical type data.

Using PCA to reduce the dimensions or research variables.

Using the average linkage algorithm to group compounds based on the number of clusters and research
variables obtained in the previous stages.

cooe

2.7 Molecular Docking Validation

The 3D structure of the test compound was downloaded to the PubChem database and optimized using
the AM1 method in the Chimera software. The enzyme used was Prolyl hydroxylase domain (PHD) enzyme
with PDB code 3HQU which was prepared by ‘dockprep’ menu in Chimera [26]. Molecular docking analysis
was performed using Autodock4 and Autodock Tools software [27] with a grid box size of 40 X 40 X 40 A
and spacing of 0.375. The algorithm used was the Lamarckian Algorithm [28] and set up to produce 10
conformations. Selection of conformations due to the lowest energy. Visualization of the interaction was done
using Discovery Studio Visualizer software.

3. RESULTS AND DISCUSSION
3.1 GC-MS Analysis

Based on the results of analysis using GC-MS, it is shown that there are 50 compounds in the ethanol
extract of date palm fruit flesh. 5 compounds with the highest percent area are shown in Table 1. The
compounds obtained will be searched for SMILES and structural properties of compounds through PubChem
and SwissADME online databases.

Table 1. Date Fruit Compounds Result of GC-MS Analysis

No Retention Time Area Area% Name

1 8.561 12771115 12.02  4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-
2 8.963 11801142 11.10 5-Hydroxymethylfurfural

3 15.858 6977327  6.56 3-Deoxy-d-mannonic acid

4 15.367 6709249  6.31 Hydrazinecarboxamide, 2-(2-methylcyclohexylidene)-
5 3.443 6091932 5.73  Ethanamine, 2-methoxy-N-(2-methoxyethyl)-N-methyl-

SMILES search of date fruit compounds from GC-MS analysis was carried out through the PubChem
database which was then used to search for structural properties of compounds in the SwissADME database.
In supplementary files, the structural properties of compounds are attached which then become research
variables from GC-MS date palm compounds.

3.2 Online Database of Date Fruit Compounds

Based on the results of collecting data on the names of date fruit compounds through the Knapsack and
Dr.Duke online databases and searching for SMILES and structural properties of compounds through the
PubChem and SwissADME online databases, a list of a collection of 95 date fruit compounds is obtained
which is attached in supplementary files for the Dr.Duke online database and supplementary files for the
Knapsack online database.
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3.3 Principal Component Analysis

Principal Component Analysis (PCA) is used to decompose a large matrix into orthogonal vectors
using eigenvectors and eigenvalues. The research variables that have been obtained will be reduced to k new
variables called principal components using the Principal Component Analysis algorithm and the resulting
46 principal components are formed. The Cumulative Variance (CV) value is used to determine how much
the principal component can explain the total diversity. Visualization for the CV value on the number of
principal components can be seen in Figure 1.

Explained Variance Ratio by Principal Component

cumulative explained variance

individual explained variance
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Figure 1. Plot between the Number of Principal Components and CV value

The CV value used is > 95%, so 15 principal components will be used for the Average Linkage
Clustering method shown in Table 2.

Table 2. Principal Components of PCA Analysis Results

Components Eigenvalues Variance
PC1 13.1410 0.3172
PC2 7.8088 0.1885
PC3 3.6307 0.0876
PC 4 2.7876 0.0673
PC5 2.1433 0.0517
PC6 2.0386 0.0492
PC7 1.5961 0.0385
PC8 1.4717 0.0355
PC9 1.3308 0.0321
PC 10 0.9361 0.0226
PC 11 0.7928 0.0191
PC 12 0.6834 0.0165
PC 13 0.5130 0.0123
PC 14 0.4253 0.0102
PC 15 0.3221 0.0077

3.4 Average Linkage Clustering

The clustering outcomes utilizing the Average Linkage method exhibit commendable performance,
evidenced by a Cophenetic Correlation Coefficient of 0.9435. This value is notably high, considering the
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standard range of Cophenetic Correlation Coefficients falling between 0 and 1. The dendrogram of the
clustering results is depicted in Figure 2.
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Figufe 2._ Dend}ogram of Ave_rdgé Li-n-kage Clusteri'ng

The clustering results indicate 2 optimal clusters with Silhouette Scores of 0.7027 where cluster 1
contains the Ferric derisomaltose compound, while cluster 2 contains all compounds in the data except the
Ferric derisomaltose compound. The clustering is repeated to obtain more accurate results until a cluster that
shows maximum proximity between lead compounds and date fruit compounds is obtained. Clustering is
performed up to 10 times, as shown in Table 3.

Table 3. Each Clustering Results

i  Ncluster Silhouette Score Deleted Compounds Code
1 2 0.7027 147
2 0.5664 122
3 2 0.5826 8
4 2 0.4744 30, 67
5 2 0.5043 149, 150
6 8 0.4317 26, 28, 29, 31, 33, 34, 35, 36, 62, 15, 32, 37, 38, 39, 40, 41, 42,
43, 44, 45, 57, 63, 68, 69, 90, 107, 120, 139, 142, 145, 61, 73, 95,
75, 94, 129, 131, 134, 98, 102, 103, 121, 122, 49, 50, 66, 72, 76,
89, 93, 112, 136, 143, 74
7 2 0.4479 55, 71
0.3969 2,104,137, 138, 140
0.3056 7,17,1,3,4,5,6,9,10, 11, 12, 13, 14, 16, 18, 19, 22, 23, 25, 65,
100, 105, 106, 114, 116, 117, 118, 124, 126, 127, 130, 132, 135,
141, 144
10 6 0.3155 20, 24, 27,54, 64, 77, 79, 82, 111, 113, 119, 133, 80, 52, 53, 58,

59, 78, 81, 83, 84, 85, 96, 115, 125, 51, 60, 70

The number of clusters in Table 3 is obtained based on the highest Silhouette Score. The list of deleted
compounds consists of clusters with no lead compounds. In the 10" clustering, there are only 2 clusters
containing lead compounds, as seen in the dendrogram in Figure 3.
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Figure 3. Dendrogram of the 10" Average Linkage Clustering

The dendrogram in Figure 3 has a Cophenetic Correlation Coefficient of 0.711 which indicates the
high dendrogram quality. With the best Silhouette Scores value of 0.3155, The 10t cluster contains 6 clusters
where the clusters with lead compounds are clusters 1 and 6 which are marked with orange and blue colors.
The list of compounds in those 2 clusters can be seen in the following Table 4.

Table 4. Clustering Results

No

Date Fruit Compounds Lead Compounds

2,4-Methylene-D-epirhamnitol
PANTOTHENIC-ACID
2-O-METHYLXYLOSE*
2,3,4-TRI-O-METHYLXYLOSE
2,3-DI-O-METHYLXYLOSE
ASCORBIC-ACID*

Ascorbic acid

© 0O N O A W N PP

L o o o e =
~N o O WN R O

HISTIDINE*
IODINE

IRON
MAGNESIUM*
POTASSIUM
METHIONINE
ISOLEUCINE
LEUCINE
PROLINE
PIPECOLIC-ACID
VALINE

Ferric cation

These compounds will then be further examined for their proximity by conducting Molecular Docking.
Based on the hierarchical proximity, 6 compounds are selected, consisting of 2 lead compounds and 4 date
fruit compounds. Among them are 2-O-methylxylose and ascorbic-acid, which are clustered with lead
compounds Ascorbic acid, and compound magnesium and histidine, which are clustered with lead compound

Ferric cation.
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3.5 Molecular Docking

Molecular docking analysis was conducted to validate the clustering analysis. There were four
compounds docked which have the highest similarity with the lead compounds based on average linkage
clustering results, namely 2-O-methylxylose, ascorbic-acid, magnesium, and histidine. These four
compounds were obtained based on GC-MS data for the compound 2-O-methylxylose, and the remaining
compounds (ascorbic-acid, magnesium, and histidine) resulted from Dr. Duke's database. The molecular
docking results of the four compounds were compared with two lead compounds that represent each cluster,
L-ascorbic acid and L-ferric cation (Table 5). Docking was done by inserting the tested compounds on the
active side of Prolyl Hydroxylase domain enzymes (PHDs).

Prolyl hydroxylases domain (PHDs) are enzymes crucial for regulating the stability of hypoxia-
inducible factor (HIF) proteins through hydroxylation reactions. HIF serves as a transcription factor vital in
the cellular response to hypoxia, orchestrating various adaptive mechanisms. Inhibition of prolyl
hydroxylases can lead to the stabilization of HIF, which can increase the production of erythropoietin (EPO),
a hormone that stimulates red blood cell production. EPO is essential for red blood cell production, and its
deficiency can lead to anemia. Inhibition of prolyl hydroxylases has been shown to increase EPO production
and improve red blood cell production in patients with renal failure [29].

Table 5. Results of Molecular Docking of Test Compounds on the Active Side of PHD Enzyme

Compounds Binding Energy (kcal/mol)  Ki (mM)
L-Ascorbic Acid (Lead 1) -3.89 1.41
Ascorbic-Acid -5.65 0.07
2-O-Methylxylose -3.64 2.15
L-Ferric Cation (Lead 2) +0.04 -
Magnesium -1.07 164.40
Histidine -4.25 0.77

The molecular docking results of tested compounds showed better binding energy values than the lead
compound, except for 2-O-methylxylose that have binding energy bigger than the lead compound. However,
the binding energy from the 2-O-methylxylose compound is similar to the lead compound’s binding energy
(L-ascorbic acid). The binding energy generated from each test compound is the result of the contributions
of each energy interaction that appears in the protein complex and the test compound. Figure 4 shows that
many molecular interactions that arise between test compounds and enzymes such as conventional hydrogen
bonds, carbon-hydrogen bonds, and phi-sigma.

All of these interactions have energy which is then summed up to produce an intermolecular energy
value. The more interactions that appear, the more negative the intermolecular energy value will be, and the
more interactions that appear, the better the strength of protein and ligand interactions in inhibiting enzyme
activity. The 2-dimensional interaction between the test compounds and the enzyme is shown in Figure 4
which shows that Ascorbic-Acid has more molecular interactions with the PHD enzyme, causing its binding
energy to be smaller than the other compounds. Therefore, the molecular docking results indicate the potential
of the four compounds derived from date palm fruit as PHD enzyme inhibitors that can be used as anemia
drugs.
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4. CONCLUSIONS

Based on the clustering results obtained, it is known that:

1.

Based on the average linkage methods result, the compounds from synthetic chemical drugs are only
found in two out of six final clusters. 17 compounds of date fruit have structural properties similar to
compounds in synthetic chemical drugs, which concludes that date fruit can be used as an alternative
prevention and treatment for anemia.

Validation carried out using molecular docking also shows similar results namely the results from
molecular docking of compounds ascorbic-acid, magnesium, and histidine show better binding energy
values than lead compounds, and 2-O-methylxylose shows similar binding energy with lead compound.
So, the molecular docking results show the potential of the four compounds derived from date palm fruit
as PHD enzyme inhibitors that can be used as anemia drugs.

Therefore, it can be concluded that date fruit can be an alternative treatment for anemia, and the average
linkage clustering method can be used in future cases or fields similar to this research.
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