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ABSTRACT

Submitted: 2024-07-05 Diabetes mellitus (DM) is one of the metabolic diseases that have emerged as a

Accepted :2024-10-03 global health problem. Type 2 diabetes mellitus (T2DM), which affect 90-95% of
DM, is caused byreduced insulin sensitivity and insulin resistance in peripheral
tissues. Oral antidiabetics have resulted side effects, prompting an investigation
foranatural-based antidiabeticagentasan alternative treatment. Using network
pharmacology, we investigated the mechanism of phytochemical substances of
Citrulus lanatus Linn. peel extract and their interactions with target proteins in
the DM pathogenesis pathway. Cytoscape 3.6.1 software has created a network
of extract compound-protein targets. Investigation of protein interaction,
target gene function enrichment, and signal pathway performed via DAVID,
STRING database, and the KEGG pathway database. The computational study
identified 90 target proteins associated with T2DM based on protein-protein
interactions. In addition, Cytoscape analysis and DAVID enrichment revealed
the network of extract compound’s target and generated proteins such as INS,
TNF-q, IL-6, and AKT2. The KEGG pathway analysis presented the crucial role of
insulin resistance and AGE-RAGE signaling pathways. This pathway correlated
with lower glucose activity in obesity and hyperglycemia. It indicates that the
active constituents of C. lanatus Linn peel extract can lower blood sugar levels
by interacting with selected proteins. This study’s findings will be carried out in
further research of in vitro trials.

ABSTRACT

Diabetes melitus (DM) merupakan salah satu penyakit metabolik yang telah
menjadi masalah kesehatan global. Diabetes melitus tipe 2 (T2DM), yang
menyerang 90-95% penderita DM, disebabkan oleh berkurangnya sensitivitas
insulin dan resistensi insulin pada jaringan perifer. Obat antidiabetik oral
memiliki efek samping, sehingga mendorong dilakukannya penelitian terhadap
agen antidiabetik berbasis bahan alam sebagai pengobatan alternatif. Dengan
menggunakan network pharmacology, kami meneliti mekanisme senyawa aktif
ekstrak kulit buah Citrulus lanatus Linn dan interaksinya dengan protein target
dalam jalur patogenesis DM. Perangkatlunak Cytoscape 3.6.1 telah membangun
jaringan target senyawa ekstrak-protein. Analisis interaksi protein, pengayaan
fungsi gen target, dan jalur sinyal dilakukan melalui basis data DAVID, STRING,
dan jalur basis data KEGG. Studi komputasional mengidentifikasi 90 protein
target yang terkait dengan T2DM berdasarkan interaksi protein-protein. Selain
itu, analisis Cytoscape dan pengayaan DAVID mengungkap jaringan target
senyawa ekstrak dan protein yang dihasilkan seperti INS, TNF-q, IL-6, dan AKT2.

Keywords: Analisis jalur KEGG menunjukkan peran penting resistensi insulin dan jalur
computational study; pensinyalan AGE-RAGE. Jalur ini berkorelasi dengan aktivitas glukosa yang
KEGG; lebih rendah pada obesitas dan hiperglikemia. Hal ini menunjukkan bahwa
PPI; konstituen aktif ekstrak kulit buah C. lanatus Linn dapat menurunkan kadar
T2DM; gula darah dengan berinteraksi dengan protein tertentu. Temuan penelitian ini

watermelon peel extract akan dilakukan dalam penelitian lebih lanjut secara in vitro.

*corresponding author: shinta.dps@uhamka.ac.id
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INTRODUCTION

Type 2 diabetes mellitus (T2DM)
is one of the metabolic diseases with
significant prevalence in the world.
According to the International Diabetes
Federation (IDF), the global prevalence of
T2DM in adults was 536.6 million people
(10.5%) in 2021. The global prevalence
of T2DM is projected to increase, with a
forecast of 7.079 individuals per 100,000
by 2030 and reach 783.2 million people
(12.2%) by 2045.'* Most people with
diabetes mellitus (DM) undergo T2DM,
and over 90% of them are affected
by it.* Indonesia is among the top 10
countries in Southeast Asia, with the
highest prevalence of T2DM at 10.8%. In
2021, the prevalence of DM between the
ages of 20-79 yr was 10.6% (19.5 million
people).’ By 2030, it was estimated that
21.3 million people in Indonesia will have
diabetes, and it will also be the seventh
leading cause of death in the world.® A
study by the Health Research Association
of the Ministry of Health of Republic of
Indonesia showed that the prevalence
of T2DM in urban areas in Indonesia
among 15 yo and above was 5.7%.’
There are several risk factors for T2DM,
including age, genetics, hypertension,
dyslipidemia, lack of physical activity,
smoking, and stress management. Type-
2 DM can be experienced by adults,
children, and adolescents aged up to 19
yr.’

The primary DM therapy is food
treatment by adjusting the patient’s diet,
while medications can be given when
food treatment fails. Sulfonylurea is the
most commonly used oral antidiabetic in
patients with T2DM.® Some undesirable
side effects will appear in the long-term
use of the drug, including hypoglycemia,
lactic acidosis, weight gain, enlargement
of the abdomen, and heart toxicity.’
Therefore, it is necessary to find active
compounds derived from natural
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ingredients as an alternative to diabetes
therapy. Indonesia has a wealth of
natural plantsand potentially a candidate
drug based on raw herbal materials.
Therefore, a natural ingredients
assessment must be conducted to find
the active compounds still unknown
for pharmacological activity. The World
Health Organization (WHO) has also
recommended using traditional or
herbal medicines to prevent or treat a
disease.

Watermelon fruit (Citrullus lanatus
Linn) peel extract is known to contain
many active compounds that has
several pharmacological activity, such as
antimicrobial, antioxidant, antidiabetes,
anti-inflammatory, hepatoprotector,
gastroprotector and anti-cancer.®® E]
Gizawy et al.®® reported that C. lanatus
Linn peel extracts have cytotoxic
activity in the cancer cell. Syachriyani
and Firmansyah™ that C. lanatus
Linn peel extracts potentially has in
vitro antihyperglycemic effects by
inhibiting the a-glucosidase. However,
the active compound that plays a role
in the antihyperglycemic effect has
not be discovered, yet. Therefore, it is
necessary to conduct preliminary study
to identify the active compounds that
potentially have antihyperglycemic
activity. Network pharmacology helps
understand the complexity of herbal
compounds, which is essential for
developing multicomponent, multitarget
therapies that can provide synergistic
effects against DM.516 This methodology
provides comprehensive mechanistic
insights that can lead to the discovery
of novel, low toxicity antidiabetic by
exploiting the complex interactions
between multiple bioactive compounds
and disease pathways through the
use of high-throughput screening
bioinformatics.

Pharmacology networks in herbal
antidiabetic research offer significant



benefits in discovering and developing
effective new antidiabetics, such as cost-
effective, comprehensive mechanism
insight and highly predictive approaches
to identifying and developing effective
targets.'>'” Therefore, the computational
study becomes a method that can be used
as an initial step to identify the candidate
active compound of an extract that plays
a role in a disease.’®19 This study aimed
to identify the active compound of the C.
lanatus Linn peel extract that potentially
acts as an antidiabetic agent.

MATERIAL AND METHODS

This computational study was
conducted in the Faculty of Medicine,
Universitas Muhammadiyah Prof. DR.
HAMKA, Jakarta from November 2023 -
May 2024. The research flow is presented
in FIGURE 1.

Screening and collecting the active
compounds of C. lanatus Linn peel
extract

Various chemical compounds in C.
lanatus Linn. peel extract was obtained
from several previous research journals
identifying phytochemical compositions
of C. lanatus Linn peel extract. Literature
searches were performed in PubMed
and Google Scholar using the keywords
“Citrullus lanatus Linn peel extract,
Citrullus lanatus Linn rind extract
and phytochemical study of Citrullus
lanatus Linn peel extracts”. SwissADME
determined drug similarity, oral
bioavailability, and GI absorption. All
chemical compounds in the C. lanatus
Linn peel extract were screened by
SwissADME to obtain drug-likeness
according to Lipinski’s rules.

Collecting target protein database
related to DM
associated with

Target proteins
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DM were collected from DisGeNET,
Open Target and CTD. Data collection
from DISGeNET (https://www.disgenet.
org/search) was performed using the
keywords “diabetes mellitus (CUIL:
C0011849), insulin-dependent (CUI:
C0011854), T2DM without complications
(CUI: C0494290) in the disease search
engine column. The data collected is
a summary of disease-related genes,
which included 959 genes. The data
collected from Open Target (https://
www.opentargets.org/) was conducted
using the Find Targets for a Given
Disease option on the website and used
the keyword “Diabetes mellitus, type
2 diabetes mellitus”. The summary
data retrieved contained 3413 genes.
Data was retrieved from CTD (https://
ctdbase.org/voc.go?type=disease) using
the keyword “Diabetes mellitus, type
2”7, resulting in 246 genes. Furthermore,
the target protein database collected
from DisGeNET, open target, and CTD,
was subsequently intersected with
Venn  Bioinformatics  (https:/www.
bioinformatics.org/gvenn/vennresults.
php/) and produced 155 target protein
related to T2DM.

Constructing target proteins of C.
lanatus Linn peel active compound

Each active compounds of C. lanatus
Linn peel extract that fulfilled the
Lipinski rules was predicted by using
Swiss target prediction program (http://
www.swisstargetprediction.ch/predict.
php), CTD (https://ctdbase.org/ voc.
go?type=chem), and Sea server (https://
sea.bkslab.org/). Simplified molecular
input line entry specification (SMILES)
of the active compounds was filled into
the Swiss target prediction website. The
data collection was specified in Homo
sapiens target proteins. In the CTD
website, the keyword “Citrullus lanata
Linn” was filled in the chemicals search
column. Protein IDs were aligned using
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UniProt ID to synchronize protein IDs
and remove doubly listed proteins. The
aligned target protein IDs were compiled
in excel format to be imported into
Cytoscape 3.7.2, visualized, and analyzed
for connectivity levels.

Constructing of protein-protein
interaction related with T2DM

The search tool for the retrieval of
interacting genes/proteins (STRING) was
used to identify functional relationships
between important targets with a
combined score greater than 0.4. The
STRING website (https://string-db.org/)
was used to identify possible gene target
related to diabetes mellitus pathway.
Protein-protein interactions (PPI) are
generated by inserting all target proteins
obtained from previous steps into the
STRING database (https://string-db.org)/).
The interaction score was set to the
greatest confidence (0.900) with Homo
sapiens as the single organism. Using
Venn bioinformatics, the intersection
was conducted between PPI data, target
proteins from active compounds, and
the top 7 target proteins associated with
T2DM. The PPI networks were further
analyzed with Cytoscape 3.7.2 software
to find a protein significance rating
based on connectivity scores.

Gene ontology and pathway
enrichment
Gene ontology is one of the

most important sources of biological
information since it defines specific
protein  functions. The database
for annotation, visualization, and
integrated discovery (DAVID, https://
david.ncifcrf.gov/) provides systematic
and comprehensive  bio-functional
annotation for a large number of
genes or proteins, allowing for the
identification of biological annotations
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that are significant. Protein targets
obtained from previous steps are entered
into DAVID using the parameters listed
below: “Select identifier” is changed to
“OFFICIAL GENE SYMBOL”, “List type”
is changed to “Gene list,” and the species
is changed to “Homo sapiens”. Gene
ontology and KEGG pathway analysis
were assessed in previous gene target
results. Several essential parameters
exist, including biological process (BP),
cellular component (CC), and molecular
function. The KEGG score was obtained
with a p value < 0.05.

RESULTS

Target protein of C. lanatus Linn peel
extract active compound

The active compounds of C. lanatus
Linn peel extract was obtained from
literature studies in previous research
journals. A total of 12 active compounds
of C. lanatus Linn peel extract was
identified (TABLE 1). Drug-likeness of
active compounds was assessed based
on Lipinski’s rule of five. The SwissADME
tool obtained the 12 active compounds’
drug-likeness, oral bioavailability, and GI
absorption. The results showed that only
three active compounds (protocatechuic
acid, phloroglucinol, and L-citruline)
met the criteria of Lipinski rules.
These active compounds also showed
oral bioavailability >30% and high
GI absorption. Meanwhile, the other
nine active compounds had violations
in Lipinski rules of 1-3 violation. The
chance of poor absorption usually
increases with the number of violation
rules. The most active compounds that
broke the Lipinski rules of 5 have low GI
absorption (TABLE 1). The Swiss target
prediction, sea server, and CTD were
used to identify target proteins from 3
active compounds obtained, resulting in
241 target proteins (FIGURE 2).
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FIGURE 1. The research flow

TABLE 1. General characteristics of active compounds C. lanatus Linn peel extract

MW (g/ Lipinski

Compounds Formula mol)  Violation Glabs  PubChem CID
Lycopene C,oHsg 536.9 2 low 446925
Beta-Carotenes C,oHy 536.9 2 low 5280489
Xanthophylls C,,H,0, 568.871 2 low 5281243
Protocatechuic acid CH.O, 154.12 0 high 528594
Phloroglucinol CH,O0, 126.11 0 high 359
Cucurbitacin B C,,H,O, 558.7 1 low 5281316
Cucurbitane C,H,, 414.7 1 low 71306377
L-citruline CH,N,O, 175.19 0 high 9750
Cucurbitacin C C,,H,0, 560.7 1 low 5281317
Cucurbitacin E C,,H,,0, 556.7 1 low 5281319
Cucurbitacin D C,,H,0, 516.7 1 high 5281318
Cucurbitacin £ 2-O-be- ¢ y o =~ 7188 3 low  CHEBL68916

ta-D-glucopyranoside
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FIGURE 2. Visualization target protein of C. lanatus Linn peel extract

Target proteins related to T2DM

The identification of target proteins
related to the pathogenesis of T2DM
using DisGeNET, open target, and CTD
yielded the following results: 959, 3413,
and 246 target proteins respectively.
The target protein results from the three
sources were intersected with Venn
Bioinformatics (FIGURE 3), resulting
in 155 target proteins that have a
relationship with the pathogenesis of
T2DM. All targets were identified for
their interactions using the STRING
database. These interactions were used
to build a protein-protein interaction
(PPI) network, which was then analyzed
using Cytoscape 3.7.2 software to
determine the degree of connectivity.

FIGURE 4a presents the intersection
results between the target proteins of
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the PPI, the target proteins of the C.
lanatus Linn peel extract, and the target
proteins with high degree rankings,
resulting in 5 target proteins (INS,
PPAR-y, TNF-a, AKT1, IL-6). We identified
28 target proteins that may be involved
in the pathogenesis of T2DM resulting
from the intersection of target protein
related to T2DM and target protein of
the active compounds of C. lanatus Linn
extract. In addition, the intersection
results were submitted to Cytoscape
to build a target network of the active
compounds of the C. lanatus Linn that
play a role in the pathogenesis of T2DM
(FIGURE 4b). Green colors represent the
active compounds of C. lanatus Linn
extract; orange colors represent protein
targets, and connecting lines represent
compound-target interactions.
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CTD DisGeNET
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FIGURE 3. Intersection venn diagram of target
proteins related to T2DM

C. lanatus linn Type-2 DM
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FIGURE 4. (a) intersection Venn diagram between target protein of C. lanatus Linn,
target protein associated T2DM, and target protein with high degree
ranking, (b) active compounds-target network of C. lanatus Linn peel

extract associated to T2DM pathogenesis.
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FIGURE 5. PPI network of protein related T2DM in homo sapiens.

The PPI network of proteins
associated with T2DM in homo sapiens
is shown in FIGURE 5, graded from light
to dark orange. A darker orange color
indicates a higher degree of the protein
in the tissue. The higher degree value
indicates that the protein plays a more
significant role in the pathogenesis of
T2DM. In addition, larger nodes also
indicate a higher degree of the protein
in the network. We performed the KEGG
pathway analysis in 5 target proteins
(INS, PPAR-y, TNF-a, AKT1, IL-6) and
obtained 72 pathways (p<0.05). These
results represented insulin resistance
and the AGE-RAGE pathway in diabetic
complications associated with glucose-
lowering activity (FIGURE 6). The KEGG
analysis results also showed that IL6,
AKT1, TNF-a and INSwere involved in the
insulin resistance pathway. In addition,
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IL6, AKT1 and TNF-a also played a role
in the AGE-RAGE signaling pathway in
diabetic complications.

Gene ontology (GO) functional
enrichment analysis of the five target
proteins was conducted by DAVID,
resulting in 80 GO in terms of biological
function, 3 GO in cellular component,
and 5 GO in molecular function. These
results showed glucose homeostasis’s
role in the biological process of target
protein that promotes the active
compounds of C. lanatus Linn as a
potential candidate of antidiabetic. The
target proteins were spread over cellular
components in extracellular space, ER
lumen, and extracellular region. The
molecular function results correspond
to the target gene of the protein being
analyzed (FIGURE 7).
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FIGURE 7. GO functional enrichment analysis in term of biological process, cellular
component, and molecular function.
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DISCUSSION

The ADME (absorption, distribution,
metabolism, and excretion) profile plays
a critical role in drug discovery and
development by optimizing properties
of drug candidate or a compound,
predicting drug efficacy and safety. The
ADME profile also essential tounderstand
drug bioavailability and ensure that
different drug formulations have the
same therapeutic and adverse effects.
Therefore, oral bioavailability become
a critical factor in drug development,
determining the rate and extent to which
the active components of an oral drug
are absorbed and reach the systemic
circulation.? In addition, drug-likeness
also an important consideration in the
selection of compounds with desirable
bioavailability during the early phases
of drug discovery and development.

Drug-likeness refers to an active
compound’s similarity to a known drug
and potential to become a drug. The
biological activity of the drug is usually
better with higher oral bioavailabilityand
drug-likeness values.?*> Computational
studies play a crucial role in evaluating
drug-likeness by  predicting the
physicochemical, pharmacokinetic, and
toxicological properties of compounds.?
These studies can be used to guide the
design of new compounds with improved
ADME properties and to optimize the
properties of existing compounds for
better drug development outcomes.?2

Computational studies and network
pharmacology have been applied to
studying medicinal plants to understand
their therapeutic effects and potential
for drug development. These approaches
can help screen and identify medicinal
plants’ active compounds, predict their
targets for specific diseases, predict
potential therapeutic effects, and explore
pathways to understand the underlying
mechanisms of action and biological
processes.?®?” Therefore, computational
approaches are currently in use for
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the development of drugs from natural
sources. Citrullus lanatus Linn peel
extract has been found to possess anti-
hyperglycemic and anti-DM properties.
However, the active compounds
responsible for these effects have not yet
been identified. The ADME properties
of the active compounds were obtained
through these computational studies.

This study serves a preliminary
screening of bioactive compounds in
C. lanatus Linn peel extract and as a
novel therapeutic approach to identify
the compound that responsible in
pharmacological effects and identify the
biochemical pathway of C. lanatus Linn
in the treatment of T2DM. We evaluated
the drug-likeness of the 12 bioactive
compounds in C. lanatus Linn peel
extract based on Lipinski rules of five.
We identified three bioactive compounds
(protocatechuic acid, phloroglucinol,
and L-citruline) that fulfilled the
Lipinski and discovered 241 protein
targets of these bioactive compounds
that connected to pathogenesis of T2ZDM.
We also identified 155 protein targets
connected to pathogenesis of T2DM and
28 proteins were found as protein target
of these bioactive. This finding strength
the possibility of C. lanatus Linn peel
extracts as an alternative agent for T2DM
therapy.

According to our intersection
analysis, we discovered 5 target
proteins (INS, PPAR-y, TNF-a, AKT],
IL-6) of C. lanatus Linn that related
to pathogenesis of T2DM. The KEGG
pathway analysis of these target protein
were involved in insulin resistance
and AGE-RAGE pathway in diabetic
complications associated with glucose-
lowering activity. Those signaling
pathways had direct relationship with
glucose-lowering activity through the
regulation of glucose homeostasis, gene
expression, cytokine activity, and nitric-
oxide synthase activity. This finding can
be supported the anti-hyperglycemia
effect of C. lanatus Linn peel extract that



reported by Syachriyani et al.,'* Another
in vitro study from Balogun found that
watermelon rind can potentially reduce
the onset of T2DM through inhibition
of intestinal carbohydrate hydrolyzing
enzymes.? In addition, Ajiboye et al.,*
reported that watermelon juice has
anti-hyperglycemia, antioxidant, and
anti-inflammatory activities in diabetic
rats. Jibril et al,*® also reported that
watermelon leaf extract has anti-diabetic
activities in diabetic rats and has better
effect than metformin. According to
KEGG analysis, other pathways closely
connected to T2DM pathogenesis were
non-alcoholic fatty liver disease, lipid
and atherosclerosis, and the HIF-1
signaling pathway.

Insulin signaling pathway involved
the PI3K/Akt pathway that roles in
regulation of glucose metabolism. We
predicted that C. lanatus Linn bioactive
compounds would have antidiabetic
activity  through up-regulation of
gene expression encoding insulin and
inhibition of cytokine activity. Those
will activate the PI3K/Akt pathway and
induces glycogen synthesis, increases
glucose uptake into the muscle cell,
and reduces blood glucose levels. We
indicated that our proteins target (INS,
IL-6, and TNF-alpha) were involved
in the activity of PI3K/Akt pathway.
The variation of these protein could
cause disturbance the insulin signaling
pathway. Similar study from Olowosoke
suggested that the bioactive compound
from Citrullus lanatus linn could bind
to DPPIV, SGLT2, and PPAR-y by the in-
silico study.®® The PI3K/Akt pathway
and PPAR-y signaling pathways may
interact to enhance insulin sensitivity.
The activated Akt can phosphorylate
and activate transcription factors that
regulate PPAR-y expression or activity,
thereby enhancing their effects on
glucose metabolism.

The bioactive compounds
in the herbal extract may have
worked synergistically to produce
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the pharmacological effect. Wink et
al.,*? study also stated that bioactive
compound in herbal medicine works
through synergistic interaction each
other to produce pharmacological
effect. Targeting the protein that cause
disruption in insulin signaling pathway
may prevent the disease progression. We
proposed that our key proteins target,
namely INS, TNF-a, AKT1, IL-6 were
involved mainly in insulin resistance and
non-alcoholic fatty liver disease (NAFLD)
pathway. In addition, our key proteins
target also involved in several pathway
that connected direct or indirect with
T2DM pathogenesis. Alteration of these
protein expression may disrupt the
associated pathway T2DM resulting in
progressive disease. The target genes of
the active compounds are also enriched
in several inflammatory conditions
suggesting that they may act on various
anti-inflammatory cytokines and
influence T2DM. However, in vitro and
in vivo study still needs to be conduct
to validate our computational study
findings. A comprehensive approach
from computational to in vivo studies
will be used to discover drugs targeting
the pathogenesis of T2DM.

CONCLUSION

In conclusion, 3 active compounds
of C. lanatus Linn extract based on
Lipinski’s rules including protocatechuic
acid, phloroglucinol, and L-citruline
that connected to target protein in
T2DM pathogenesis are discovered. The
intersection study presents protein target
related to T2DM pathogenesis were INS,
TNF-a, AKT1, and IL-6 through insulin
resistance and AGE-RAGE pathway
in diabetic complications associated
with glucose-lowering activity. These
pathway roles in regulation of glucose
homeostasis, gene expression, cytokine
activity, and nitric-oxide synthase
activity.

190



InaJBCS, Volume 57, Number 2, 2025 April: 180-193

ACKNOWLEDGEMENT

Faculty of

We would like to thank the Dean
Medicine, Universitas

Muhammadiyah Prof. DR. HAMKA,
Jakarta for his support of this study.
Thank the Research and Community
Services, Universitas Muhammadiyah
Prof. DR. HAMKA, Jakarta who supported
this study as well.

REFERENCES

1.

191

Yan Y, Wu T, Zhang M, Li C, Liu Q,
Li F. Prevalence, awareness and
control of type 2 diabetes mellitus
and risk factors in Chinese elderly
population. BMC Public Health 2022;
22(1):1382.
https://doi.org/10.1186/s12889-022-
13759-9

International Diabetes Federation.
Diabetes Facts and Figures [Internet].
2021.
https://idf.org/about-diabetes/
diabetes-facts-figures/

Khan MAB, Hashim M], King JK,
Govender RD, Mustafa H, Al Kaabi
J. Epidemiology of type 2 diabetes
- global burden of disease and
forecasted trends. J Epidemiol Glob
Health 2020; 10(1):107-11.
https://doi.org/10.2991/jegh.k.191028.001
Ye],WuY,YangS,ZhuD, ChenF, Chen
], Ji X, et al. The global, regional and
national burden of type 2 diabetes
mellitus in the past , present and
future : a systematic analysis of the
Global Burden of Disease Study 2019.
Front Endrocrinol 2023; 14:1192629.
https://doi.org/10.3389/fendo.2023.1192629
Kementerian Kesehatan RI. Infodatin
tetap produktif, cegah, dan atasi
diabetes melitus 2020. Jakarta: Pusat
Data dan Informasi Kementerian
Kesehatan RI. 2020. p. 1-10.

Sitorus, Yuanita, Putri. Determinan
kualitas hidup penderita diabetes
melitus tipe 2 di kota Bogor tahun
2018. Bogor: Kementerian Kesehatan

10.

11.

12.

13.

RI, 2018.

Soeatmadji DW, Rosandi R,
Saraswati MR, Sibarani RP, Tarigan
WO. Clinicodemographic profile
and outcomes of type 2 diabetes
mellitus in the Indonesian Cohort
of DISCOVER: a 3-year prospective
cohort study. ] ASEAN Fed Endocr
Soc 2023; 38(1):68-74.
https://doi.org/10.15605/jafes.038.01.10
Pudyawanti PE, Astuti MD, Adhie
NR, Hidayat IW. Papaya leaf extract
(Carica papaya L) as type 2 diabetes
mellitus. Prooceding of Annual
Pharmacy Conference on Patient
Center Care Dalam Penanganan
Diabetes Melitus Obese Geriatri
Secara Koprehensif, Universitas
Sebelas Maret, Surakarta, 97-102.
ZhangZ,Cao Y, TaoY, Meng E, Tang ],
LiuY, et al. Sulfonylurea and fracture
risk in patients with type 2 diabetes
mellitus: a meta-analysis. Diabetes
Res Clin Pract 2020; 159:107990.
https://doi.org/10.1016/j.
diabres.2019.107990

Deshmukh CD, Jain A, Tambe MS.
Phytochemical and pharmacological
profile of Citrullus lanatus (THUNB).
Biolife 2015; 3(2):483-8.
https://doi.org/10.17812/blj2015.32.18
Harith SS, Mazlum MH, Mydin
MM, Nawi L, Saat R. Studies on
phytochemical constituents and
antimicrobial properties of Citrullus
lanatus peels. Malaysian ] Anal Sci
2018; 22(1):151-6.
https://doi.org/10.17576/mjas-2018-
2201-19

Gangwar M, Gautam MK, Sharma
AK, Tripathi YB, Goel RK, Nath G.
Antioxidant capacity and radical
scavenging effect of polyphenol rich
Mallotus philippenensis fruit extract
on human erythrocytes: an in vitro
study. Sci World ] 2014; 2014:279451.
https://doi.org/10.1155/2014/279451
El Gizawy HA, El-Haddad AE, Attia
YM, Fahim SA, Zafer MM, Saadeldeen
AM. In vitro cytotoxic activity and



14.

15.

16.

17.

18.

19.

20.

phytochemical characterization
(UPLC/T-TOF-MS/MS) of the
watermelon (Citrullus lanatus) rind
extract. Molecules 2022; 27(8):2480.
https://doi.org/10.3390/
molecules27082480

Syachriyani, Firmansyah. Potensi
antihiperglikemik ekstrak kulit buah
semangka (Citrullus lanatus Linn)
terhadap diabetes mellitus melalui
penghambatan aktivitas enzim alfa
glukosidase. ] Mandala Pharmacon
Indones 2022; 8(2):243-51.
https://doi.org/10.35311/jmpi.v8i2.244
Halayal RY, Bagewadi ZK, Maliger RB,
Al Jadidi S, Deshpande SH. Network
pharmacology based antidiabetic
attributes of bioactive compounds
from Ocimum gratissimum L.
through computational approach.
Saudi ] Biol Sci 2023; 30(9):103766.
https://doi.org/10.1016/.sjbs.2023.103766
Adnan M, Jeon BB, Chowdhury
MHU, Oh KK, Das T, Chy MNU, et
al. Network pharmacology study to
reveal the potentiality of a methanol
extract of Caesalpinia sappan L. wood
against type-2 diabetes mellitus. Life
2022; 12(2):227.
https://doi.org/10.3390/life12020277
Ge Q, Chen L, Yuan Y, Liu L, Feng F,
Lv P, et al. Network pharmacology-
based dissection of the anti-diabetic
mechanism of Lobelia chinensis.
Front Pharmacol 2020; 11:347.
https://doi.org/10.3389/fphar.2020.00347
Malo N, Hanley JA, Cerquozzi S,
Pelletier ], Nadon R. Statistical
practice in high-throughput
screening data analysis. Nat
Biotechnol 2006; 24(2):167-75.
https://doi.org/10.1038/nbt1186
Szklarczyk D, Franceschini A, Wyder
S, Forslund K, Heller D, Huerta-Cepas
], et al. STRING v10: protein-protein
interaction networks, integrated
over the tree of life. Nucleic Acids Res
2015; 43(Database issue):D447-52.
https://doi.org/10.1093/nar/gku1003
Stielow M, Witczy A, Kubry'n N,

Sari SDP, et al, Computational study of active compounds...

21.

22.

23.

24.

25.

26.

Fijatkowski t, Nowaczyk J, Nowaczyk
A. The bioavailability of drugs -
the current state of knowledge.
Molecules 2023; 28(24):8038.
https://doi.org/10.3390/
molecules28248038

Tian S, Wang J, Li Y, Xu X, Hou T.
Drug-likeness analysis of traditional
Chinese  medicines:  prediction
of drug-likeness using machine
learning approaches. Mol Pharm
2012; 9(10):2875-86.
https://doi.org/10.1021/mp300198d
Hong Z, Duan X, Wu S, Yanfang Y, Wu
H. Network pharmacology integrated
molecular docking reveals the anti-
covid19 mechanism of ging-fei-da-
yuan granules. Nat Prod Commun
2020; 15(6):1-15.
https://doi.org/10.1177/1934578X2093421
Ahmad I, Kuznetsov AE, Pirzada
AS, Alsharif KF, Daglia M, Khan
H. Computational pharmacology
and computational  chemistry
of 4-hydroxyisoleucine:
hysicochemical, pharmacokinetic,
and DFT-based approaches. Front
Chem 2023;11:1145974.
https://doi.org/10.3389/
fchem.2023.1145974

Batool A, Parveen S, Shafiq N, Rashid
M, Salamatullah AM, Ibenmoussa
S, et al. Computational study of
ADME-Tox prediction of selected
phytochemicals from Punica
granatum peels. Open Chem 2024;
22(1):1-13.
https://doi.org/10.1515/chem-2023-
0188

Reichel A,LienauP.Pharmacokinetics
in drug discovery: an exposure-
centred approach to optimising
and predicting drug efficacy and
safety. Handb Exp Pharmachol 2016;
232:235-60.
https://doi.org/10.1007/164_2015_26
Pansari P. Computational
approaches for drug discovery from
medicinal plant in the era of data
driven research. Indian Drugs 2021;

192



InaJBCS, Volume 57, Number 2, 2025 April: 180-193

27.

28.

29.

193

58(08):7-23.
https://doi.org/10.53879/id.58.08.12930
Noor F, Qamar MTUI, Ashfaq UA,
Albutti A, Alwashmi ASS, Aljasir MA.
Network pharmacology approach
for medicinal plants: review and
assessment. Pharmaceuticals 2022;
15(5):572.
https://doi.org/10.3390/ph15050572
Balogun O, Otieno D, Brownmiller
CR, Lee SO, Kang HW. Effect of
watermelon  (Citrullus  lanatus)
extract on carbohydrates-
hydrolyzing enzymes in vitro.
Agriculture 2022; 12(6):772.
https://doi.org/10.3390/
agriculture12060772

Ajiboye  BO,  Shonibare  MT,
Oyinloye BE. Antidiabetic activity
of watermelon (Citrullus lanatus)
juice in alloxan-induced diabetic
rats. ] Diabetes Metab Disord 2020;
19(1):343-52.
https://doi.org/10.1007/s40200-020-

30.

31.

32.

00515-2

Jibril MM, Hamid AH, Abas F,
Karrupan],MohammedAS,JaafarAH,
et al. Watermelon (Citrullus lanatus)
leaf extract attenuates biochemical
and histological parameters in high-
fat diet/streptozotocin - induced
diabetic rats. J] Food Biochem 2022;
46(2):e14058.
https://doi.org/10.1111/jfbc.14058
Olowosoke CB, Alaba AA, Adegboyega
BB. Citrullus lanatus natural product
library: a hoard of viable potential
inhibitor candidates for diabetes
mellitus type II therapeutic target
enzymes. World | Adv Res Rev 2022;
15(1):534-60.
https://doi.org/10.30574/
wjarr.2022.15.1.0713

Wink M. Modes of action of herbal

medicines and plant secondary
metabolites. Medicines 2015;
2(3):251-86.

https://doi.org/10.3390/medicines2030251



