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Abstract

Type 2 diabetes mellitus (T2DM) is a progressive,
multipathological and multifactorial disease. Syzygium
cumini seeds (SCS) are used in T2DM management;
however, the molecular mechanism is still unexplored.
Recently, network pharmacology has emerged as a new
approach to study the effects of natural products with
the various targets underlying diseases. Therefore, the
present study investigated the molecular mechanism of
SCS in T2DM via a network pharmacology approach.
The bioactive compounds present in SCS were
retrieved from the published literature indexed in the
PubMed and structure queried from the PubChem
database. The protein targets of these genes were
predicted via the SwissTargetPrediction web tool. The
proteins involved in the pathogenesis of T2DM were
retrieved from the  TherapeuticTargetDisease
database.

Among the 10 bioactive compounds of SCS, the top five,
on the basis of their degree of interaction with target
proteins, are o-terpineol, ferulic acid, quercetin,
3,3",4'-tri-O-methylellagic acid and caffeic acid.
KEGG pathway analysis revealed that twenty target
proteins associated with SCS-T2DM were linked to 14
pathways among which important pathways are
regulation of lipolysis, diabetic cardiomyopathy and
the PPAR signaling pathway. This study demonstrated
the multicomponent, multitarget, and multi-pathway
properties of SCS, which can be used for further
research into its mechanism in the treatment of T2DM.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic
disorder characterized by high blood glucose levels. T2DM
can arise from abnormalities in insulin action, secretion, or
both®. A lack of insulin action is caused by insufficient
insulin secretion or a reduced insulin response in the body?.
This can occur due to either autoimmune destruction of
pancreatic cells or increased insulin resistance?.
Hyperglycemia is the leading diagnostic indicator for
diabetes®. The eyes, kidneys, nerves, heart, and blood vessels
are particularly affected by chronic hyperglycemia in
individuals with diabetes which can result in damage,
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dysfunction, and failure of these organs?. The metabolic
disorders associated with carbohydrate, fat, and protein
metabolism are caused by the insufficient effectiveness of
insulin in target tissues.

The result is chronic hyperglycemia and diabetic
microvascular along with macrovascular complications
associated with increased morbidity and mortality>®.
Syzygium cumini (L.) Skeels, or Eugenia jambolana Lam., is
a plant commonly known as Jamun. It is known for its
medicinal properties and is utilized in Ayurveda, Unani, and
Chinese practices to treat diabetes!#23, The plant has various
common names including black plum, jamun, java plum,
Indian blackberry, Portuguese plum, Malabar plum, purple
plum, Jamaica, and damson plum3. It is widely distributed in
tropical and subtropical regions of India, the Andaman
Islands, Sri Lanka, Bangladesh, and Burma. All parts of the
plant including seeds, fruits, leaves, flowers, and bark, are
used in traditional medicine!423,

Syzygium cumini seeds (SCSs) are used in traditional
medicine to treat a wide range of ailments such as diabetes,
pimples, mouth blisters and stomach aches. SCS powdered
seeds mixed with sugar can be taken orally 2—-3 times daily
to treat dysentery. Additionally, SCS has astringent and
diuretic properties*524, SCS has been reported to have
several pharmacological activities including
chemoprotective, hypoglycemic, hyperglycemic, analgesic,
anti-inflammatory, antiallergic, antihyperlipidemic,
antiplagque, antimicrobial, antidiarrheal, antioxidant,
gastroprotective, ulcer healing and antibacterial properties®?.
The scientific and folk medicine literature reports the
antidiabetic effects of SCS extract®%22,

There are preclinical and clinical scientific reports on the
anti-T2DM properties of SCS. However, the molecular
mechanism of SCS in the treatment of T2DM, which is
based on a multicomponent, multitarget and multi-pathway
mechanism, is still unexplored®. Therefore, the present
study aimed to investigate the molecular mechanism of SCS
in the treatment of T2DM via a network pharmacology
approach. This approach involves the use of bioinformatics,
cheminformatics, computational biology, systems biology
and network-based mathematical tools?”. This approach is
based on the concept of systems pharmacology, which helps
us to understand a holistic and systemic view of traditional
medicines and considers the interactions between multiple
molecules and targets in the body to elucidate several
mechanisms involved with herbal medicing?®-3°.
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The field of network pharmacology is widely recognized as
a contemporary approach for identifying active compounds
and potential molecular targets in a diverse range of herbs
and herbal formulas!’. Advanced computer technology is
used to study the molecular interactions between drug
molecules and cells in the body’. This approach has become
an essential tool for understanding the complex relationships
between botanical formulas and the human body’. The
utilization of the network pharmacology approach aids in the
investigation into the mechanisms of action of bioactive
compounds in the treatment of diseases?*. This integration of
network pharmacology into traditional medicine provides
distinctive and innovative opportunities for the discovery of
active compounds, biomarkers, and the scientific foundation
underlying traditional medicine, all of which are based on
the intricate biological systems of the human body?*.

Material and Methods

Extraction of bioactive components of SCS: The
keywords "Syzygium cumini” or "Eugenia jambolana" were
searched for in PubMed (https://www.ncbi.nlm.nih.gov/
pubmed/). A database was prepared on the basis of the
phytochemicals obtained from the SCS. Structural and
chemical data for the phytochemicals were obtained from
PubChem (https://pubchem.ncbi.nim.nih.gov/).
Phytochemical information not available in PubChem was
obtained from the original literature.

Target screening for bioactive phytochemicals and
T2DM: Potential targets for the phytochemicals present in
SCS were obtained from SwissTargetPrediction (http://
www.swisstargetprediction.ch/)!3.  Canonical SMILES
sequences of phytochemicals were uploaded to the
SwissTargetPrediction database. The selection criterion for
targets in SwissTargetPrediction was a probability of greater
than 0.01. gProfiler (https://biit.cs.ut.ee/gprofiler/gost) was
used to convert the gene ID to a UniProt ID with H. sapiens
as the criterion. Venny 2.1 (https://bioinfogp.cnb.csic.es/
tools/venny/index.html) was used to create a Venn diagram.
T2DM-related target data was obtained from the
TherapeuticTarget Database (TTD) (http:// db.idrblab.net/
ttd) database.
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Construction of a PPl Network: Common SCS-T2DM
targets were imported into the STRING database
(https://string-db.org/), with the species set "Homo sapiens”
and a confidence score greater than 0.90. The STRING
network was imported and analyzed via Cytoscape version
3.10.1. The network was analyzed using the network
analyzer plugin in Cytoscape 3.10.1. Nodes were analyzed
for degree centrality.

KEGG pathway analysis: The database for Annotation,
Visualization, and Integrated Discovery (DAVID 2021,
https://david.ncifcrf.gov/)® was used for KEGG pathway
analysis. The KEGG pathway portrays higher-level
functions represented by network relationships, reactions,
and molecular interactions®®. Bubble plots of the top
enriched KEGG pathways with a significance level of p<0.1
were generated via a free online data analysis and
visualization tool https://www.bioinformatics.com.cn/en.

Results

Prediction of Bioactive Compounds and Target Proteins
for SCS: A total of 12 compounds from Syzygium cumuni
seeds were retrieved that complied with all the rules of
Lipinski’s rule of five with valid PubChem ID. Their
structure was retrieved from PubChem. These bioactive
compounds belong to different chemical classes, such as
tannins, phenolic acids, monoterpenoids, phenylpropanoids,
flavonoids, and cyclic polyketides. The
SwissTargetPrediction database was used to identify
probable targets of the 12 bioactive compounds. Out of 12,
target genes/proteins were retrieved for ten phytochemicals.
For two phytochemicals, namely 3,5,7,4'-tetrahydroxy
flavanone and 5-(hydroxymethyl) furfural, no targets were
retrieved from the SwissTargetPrediction database.

A total of 254 target proteins for ten phytochemicals were
obtained. Of the T2DM-related targets, 76 were obtained
from the TTD database. When intersected with 254 SCS-
related targets, 20 were identified as possible T2DM targets
from the SCS phytochemicals, as shown in figure 1. Table 1
represents the phytochemical ID, phytochemical name,
PubChem ID, phytochemical class, T2DM-associated
targets, and number of target proteins.

TTD

Figure 1: Potential targets of Syzygium cumini seeds in T2DM

https://doi.org/10.25303/2010rjbt1690177

170



Research Journal of Biotechnology Vol. 20 (10) October (2025)
Res. J. Biotech.

ADORAZ2B DRD2

A

NR3C1

PARP1
PTGSZ
' s HCAR2
i
\\ INSR
/

\
PTPNL

ESRRA\\\\\

Figure 2: Protein-protein interaction network of the potential targets of Syzygium cumini seeds in T2DM
using STRING database
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Figure 3: A network comprising bioactive SCS bioactive compounds’ interaction with SCS-T2DM intersecting target
proteins. The network was constructed using Cytoscape 3.10.1. Green diamonds represent SCS bioactive compounds,
and red circles represent SCS-T2DM intersecting target proteins
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Figure 4: KEGG pathway enrichment analysis. The red color shows most pathways with least false discovery rate
(FDR). Size represents the number of gene counts.

Analysis of the protein-protein interaction (PPI) network
and SCS bio actives-T2DM Target network: PPI
interactions of the 20 common targets were analyzed via
STRING and Cytoscape v3.10.1. Common targets were
uploaded to STRING with parameters set to "Homo sapiens”
and a confidence score greater than 0.4. The resulting PPI
network was subsequently imported into Cytoscape v3.10.1.
The topological properties of the nodes in the PPI network
were calculated via a Cytoscape plugin called a network
analyzer. The network showed 20 nodes and 35 edges (Table
2). The PPl network topology revealed that NR3C1,
PPARA, PTGS2, INSR, NR3C2, REN, PPARD, PTGS1,
ESRRA, PIK3CG and HSD11B1 target proteins showed a
betweenness degree > 0.1 and degree centrality 3.

These are important target proteins for ten SCS bioactive
compounds that could play an important role in the
management of diabetes. To further delve into the
interactions of SCS bioactive components with the target
proteins, an SCS bioactive interaction with the SCS-T2DM
intersecting target network was created as shown in figure 3,
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with topological parameters shown in table 3. SCS3 (o-
terpineol) and SCS7 (ferulic acid) showed the highest
interaction with eight targets each. SCS9 (quercetin), SCS1
(3,3',4'-tri-O-methylellagic acid), and SCS4 (caffeic acid)
showed interaction with five, four and four target proteins.

KEGG pathway analysis: KEGG pathway analysis was
performed by submitting 20 common targets to the DAVID
database to study the putative pathways associated with the
targets. Among the 20 targets, 19 were significantly enriched
in 14 KEGG pathways. The details of the 14 KEGG
pathways are listed in table 4 and enrichment analysis is
shown in figure 4. Among the 14 signaling pathways, the
regulation of lipolysis in  adipocytes, diabetic
cardiomyopathy, the PPAR signaling pathway, insulin
resistance, AMPK signaling pathway, platelet activation, the
insulin signaling pathway, the phospholipase D signaling
pathway, and neuroactive ligand-receptor interactions were
significant. This shows that SCS bioactive compounds can
influence the several signaling pathways associated with
diabetes.
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Table 1
Data mining for Phytoconstituents/bioactive

Phytochemical
ID

Phytochemical Name

PubChem ID

SCS-T2DM
intersecting
Targets

Phytochemical Class Count

SCS1 3,3",4'-tri-O-methylellagic acid

11674590

Tannin PIK3CG, 4
INSR,
ADORAZ2B,

PARP1

SCS2 3-hydroxy-4,5-

dimethoxybenzoic acid

74709

Phenolic acids FBP1 1

SCS3 a-terpineol

17100

PTPN1, 9
HSD11B1,
PPARA,
PPARD,
NR3C1,
DRD2,
SCD,
NR3C2

Monoterpenoids

SCS4 Caffeic acid

689043

Phenylpropanoids PTPNL1, 4
HSD11B1,
PTGSL,

HCAR2

SCSh Cinnamic acid

444539

PTPN1, 2
HCAR2

Phenylpropanoids

SCS6 Ellagic acid

5281855

Phenolic acids PTPN1, 3
PTGS2,

INSR

SCS7 Ferulic acid

445858

Phenylpropanoids PTPNL1, 8
FBP1,
PARP1,
HSD11B1,
PTGS2,
PTGSL,
F2,
REN

SCS8 Gallic acid

Phenolic acids COMT 1

SCS9 Quercetin

5280343

Flavonoids INSR, 5

PARP1,

PIK3CG,
F2,

ESRRA

SCS10 Syringic acid

10742

Phenolic acids FBP1 1

SCS11 3,5,7,4'-tetrahydroxy flavanone

74709

Phenolic acids - 0

SCS12 5-(hydroxymethyl) furfural

237332

Cyclic polyketides - 0

Discussion

Diabetes is not a single disease; rather, it is a group of
metabolic disorders affecting a large population worldwide.
It is characterized mainly as chronic hyperglycemia resulting
from defects in insulin secretion or insulin action. The
number of diabetic people in the world is predicted to reach
366 million by the year 20302. Over the last three decades,
the use of herbal medicinal and pyto-products has
increased'?. Phytotherapy is considered as an alternative
therapy for the management of diseases. The therapeutic
efficacy of phytotherapy is based on the combined action of
a number of bioactive components that act by specifically
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targeting and disrupting the cell membrane, by binding to
and inhibiting certain proteins, or by adhering to or
intercalating into RNA or DNA.,

In recent years, network pharmacology techniques have been
successfully employed to decipher the mechanism of action
of conventional medicine in the management of complex
disorders. The complexity of T2DM pathophysiology is due
to several genetic, metabolic, and environmental variables*®.
Such diseases require treatment at multiple targets in which
numerous bioactive components of medicinal plants may
exert pharmacological effects through synergistic or
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antagonistic interactions!*. In this study, a network
pharmacology-based methodology was applied to
understand the mechanisms of action of SCS
phytochemicals. It aimed to identify the mechanism of
phytochemicals that have a potential drug-like nature by
complying with Lipinski’s rule of five (ROS5).

The drug-like nature of phytochemicals influences their
solubility and permeability. In these approaches, RO5
indicates that poor permeation and absorption are more
likely when there are more than 5 H-bond donors and 10 H-
bond acceptors, the molecular weight is greater than 500 and
calculated log P (CLogP) is greater than 5 (or MlogP) >
4.15)®, Lipinski's rule of drug-likeness is a useful guideline
for orally bioavailable small molecules®. Moreover, the
chemical class was defined for each phytochemical from the
ClassyFire database'®.

The targets of these ten phytochemicals, obtained from the
SwissTargetPrediction database, consisted of a total of 254
target genes. SwissTargetPrediction is a web server for
accurately predicting the targets of bioactive molecules on
the basis of a combination of 2D and 3D similarity
measurements with known ligands. Predictions can be
performed in five different organisms, and mapping
predictions on the basis of homology within and between
different species is possible for close paralogs and
orthologs®. A total of 76 target genes associated with T2DM
were subsequently identified from the TTD database, which
provides knowledge of existing drug targets (both approved

Vol. 20 (10) October (2025)
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and in clinical trials) used for target discovery, selection,
research and development?®. It provides information on 1118
drugs from clinical trials, 1511 approved drugs, and 2331
experimental drugs linked to their primary targets (3257
drugs with available structural data)*°.

A total of 20 target genes were identified by intersecting the
acquired SCS target proteins and target proteins related to
T2DM. The interactions between putative T2DM targets of
10 SCS phytochemicals were subjected to network analysis.
Among the SCS bioactive compounds, a-terpineol, ferulic
acid, quercetin, 3,3',4'-tri-O-methylellagic acid, caffeic acid,
ellagic acid and cinnamic acid were the SCS bioactive
compounds that interact with more than one target protein.
In earlier studies, caffeic acid and its derivatives have shown
protective effects against diabetes complications such as
diabetic  liver  damage, endothelial  dysfunction,
cardiomyopathy, retinopathy, cognitive deficits, neuropathy
and nephropathy?.

KEGG pathway enrichment analysis further revealed that
the pathways related to the regulation of lipolysis in
adipocytes, diabetic cardiomyopathy, the PPAR signaling
pathway, insulin resistance, platelet activation, the insulin
signaling pathway, the phospholipase D signaling pathway
and neuroactive ligand-receptor interactions were
significant. These pathways presented a lower false
discovery rate (FDR) value, suggesting that they may play a
prominent role as antidiabetic agents in the SCS mechanism.

Table 2

Topological parameters of the PPI network of SCS-T2DM-intersecting targets

Name Degree Betweenness Closeness Target Target family
centrality centrality developmental
level
NR3C1 10 0.430882353 0.708333333 Tclin Nuclear Receptor
PPARA 8 0.211887255 0.62962963 Tclin Nuclear Receptor
PTGS2 8 0.185539216 0.62962963 Tclin Enzyme
INSR 5 0.086151961 0.548387097 Tclin Kinase
NR3C2 5 0.04877451 0.548387097 Tclin Nuclear Receptor
REN 5 0.12377451 0.566666667 Tclin Enzyme
PPARD 4 0.021691176 0.472222222 Tchem Nuclear Receptor
PTGS1 4 0.018137255 0.5 Tclin Enzyme
ESRRA 3 0.011029412 0.485714286 Tchem Nuclear Receptor
PIK3CG 3 0.007352941 0.435897436 Tclin Kinase
HSD11B1 3 0.117647059 0.459459459 Tclin Enzyme
PTPN1 2 0 0.425 Tchem Enzyme
SCD 2 0 0.404761905 Tchem Enzyme
DRD2 2 0 0.435897436 Tclin GPCR
PARP1 2 0.001838235 0.425 Tclin Enzyme
COMT 2 0 0.435897436 Tclin Enzyme
F2 1 0 0.369565217 Tclin Enzyme
FBP1 1 0 0.320754717 Tchem Enzyme
HCAR?2 0 0 0 Tclin GPCR
ADORA?2B 0 0 0 Tclin GPCR
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Topological parameters of SCS bio-actives and Target proteins

Name Degree Betweenness centrality Closeness centrality
SCS3 8 0.404490571 0.38028169
SCS7 8 0.554644121 0.473684211
SCS9 5 0.134773251 0.310344828
SCS1 4 0.103864654 0.303370787
SCS4 4 0.06950719 0.341772152
SCS6 3 0.104526955 0.38028169
SCS5 2 0.021355651 0.325301205
SCS10 1 0 0.257142857
SCS2 1 0 0.257142857
SCS8 1 0 1
PTPN1 5 0.352109002 0.457627119
INSR 3 0.072272172 0.325301205
FBP1 3 0.145299145 0.341772152
PARP1 3 0.173186073 0.38028169
HSD11B1 3 0.159040805 0.415384615
PIK3CG 2 0.005223172 0.247706422
HCAR?2 2 0.00308642 0.262135922
PTGS1 2 0.019273473 0.341772152
PTGS2 2 0.014177181 0.341772152
F2 2 0.064879565 0.36
ADORA2B 1 0 0.234782609
ESRRA 1 0 0.238938053
NR3C2 1 0 0.278350515
NR3C1 1 0 0.278350515
DRD2 1 0 0.278350515
PPARA 1 0 0.278350515
PPARD 1 0 0.278350515
SCD 1 0 0.278350515
REN 1 0 0.325301205
COMT 1 0 1
Table 4
KEGG pathway analysis of 20 targets of SCS-T2DM intersecting target proteins
Term Count | % P Value Genes
hsa04923:Regulation of lipolysis in adipocytes 3 15 | 0.006255729 INSR, PTGS2, PTGS1
hsa05415:Diabetic cardiomyopathy 4 20 | 0.007754983 PARP1, INSR, REN, PPARA
hsa03320:PPAR signaling pathway 3 15 | 0.010209319 SCD, PPARA, PPARD
hsa04931:Insulin resistance 3 15 0.020266264 PTPN1, INSR, PPARA
hsa04152: AMPK signaling pathway 3 15 0.02502103 SCD, INSR, FBP1
hsa04611:Platelet activation 3 15 | 0.026177721 F2, PIK3CG, PTGS1
hsa04910:Insulin signaling pathway 3 15 | 0.031437259 PTPN1, INSR, FBP1
hsa04072:Phospholipase D signaling pathway 3 15 | 0.036189494 INSR, F2, PIK3CG
hsa04080:Neuroactive ligand-receptor interaction 4 20 0.036690827 ADORAZ2B, F2, DRD2, NR3C1
hsa04015:Rapl signaling pathway 3 15 | 0.068099693 ADORAZ2B, INSR, DRD2
hsa04960:Aldosterone-regulated sodium 2 10 0.0746814 INSR, NR3C2
reabsorption
hsa04024:cAMP signaling pathway 3 15 | 0.076136865 HCAR2, DRD2, PPARA
hsa01100:Metabolic pathways 7 35 0.082229281 HSD11B1, SCD, COMT, PTGS2,
FBP1, PIK3CG, PTGS1
hsa04913:0Ovarian steroidogenesis 2 10 0.098997667 INSR, PTGS2
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Conclusion

This study demonstrated the multicomponent, multitarget,
and multi-pathway characteristics of SCSs. This study
highlighted 10 SCS bioactive compounds, 20 target proteins
and 14 signaling pathways that may play important roles in
the anti-T2DM mechanism of SCS. a-terpineol, ferulic acid,
quercetin, 3,3',4'-tri-O-methylellagic acid, caffeic acid,
ellagic acid and cinnamic acid are SCS bioactive compounds
that interact with more than one target protein and could be
marker compounds. These compounds can affect nine
signaling pathways significantly, which can explain SCS
antidiabetic effects.
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