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INTRODUCTION
Bladder cancer, also known as urological cancer or urinary blad-
der cancer, is the 10th most common cancer in the world and its 
incidence is steadily rising worldwide, especially in developed na-
tions (Bray F, et al., 2018). The bladder is a hollow organ in the 
lower abdomen whose main purpose is to store urine received 
from the kidneys (via the ureter) until micturition. Specialized 
transitional epithelial cells lining the urinary bladder and urin-
ary tract, known as urothelial cells, accommodate the volume of 
urine produced by flattening under pressure. The bladder is also 
lined with smooth muscle that can relax to accommodate greater 
volumes, as well as contract (under voluntary or reflex control) 
to expel urine down the urethra and out of the body (Andersson 
KE and Arner A, 2004). The urothelial cells lining the bladder and 
urinary tract are constantly exposed to environmental, potentially 
mutagenic agents that are filtered into the urine by the kidneys. 
Unsurprisingly, 90% of bladder cancer cases, especially those in 
the developed world, arise from these urothelial cells, mostly in the 
bladder but on rare occasions in the urinary tract as well. While 
localized forms of urothelial cancer carry an excellent prognosis, 
if the smooth muscle is invaded, survival rates drop significantly 
(Mushtaq J, et al., 2019). The most common risk factor for blad-
der cancer, smoking is responsible for approximately two-thirds 
of bladder cancers in men and one-third in women. Smokers 
have a fourfold increased risk of bladder cancer compared with 
non-smokers (Griffiths TL, 2013). Because the bladder’s function 
is to store urine, there is ample time for carcinogens in the urine 
to affect the bladder. The carcinogens associated with smoking re-

main in constant contact within the genitourinary system until 
eliminated, thus the high rate for urothelial cancers (Freedman 
ND, et al., 2011; Turner B and Drudge-Coates L, 2012).
Esculin, also known as aesculin, is a natural compound found 
in various plants, particularly in the bark of trees such as horse 
chestnut (Aesculus hippocastanum), as well as in some herbs like 
the bearberry plant. It belongs to a class of compounds known 
as glycosides, which are characterized by their ability to undergo 
hydrolysis, releasing a sugar molecule when exposed to specific 
enzymes or conditions (Owczarek A, et al., 2021). The chemical 
structure of esculin consists of a glucose molecule bound to a 
coumarin nucleus. This unique molecular arrangement confers 
several interesting properties and biological activities to esculin, 
making it a subject of scientific interest and investigation. More-
over, esculin exhibits significant pharmacological activities, in-
cluding anti-inflammatory, antioxidant, and antimicrobial effects. 
These bioactivities have spurred research into its potential thera-
peutic applications, particularly in the treatment of inflammatory 
disorders, oxidative stress-related conditions, and infectious dis-
eases (Wang SK, et al., 2022). In addition to its pharmacological 
properties, esculin has been studied for its role in plant defense 
mechanisms and as a chemical marker for taxonomic classifi-
cation. Its presence in certain plant species serves as a deterrent 
against herbivores and pathogens, highlighting its ecological sig-
nificance beyond its medicinal properties (Lay MM, et al., 2014). 
Esculin’s pharmacological profile makes it a promising candidate 
for various medicinal applications. Research suggests that it ex-
hibits potent antioxidant effects, scavenging free radicals and pro-
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ABSTRACT
Bladder cancer is a type of cancer that arises in the 
bladder’s epithelial lining. It is distinguished by the 
bladder’s cells growing beyond control. Esculin is 
a naturally occurring compound found in medici-
nal plants that has been shown to have therapeutic 
effects on a number of diseases. Its possible ther-
apeutic effect on bladder cancer is still unidentified 
although. This study utilizes molecular docking and 
network pharmacology analysis to examine the po-
tential of esculin for the treatment of bladder cancer. 
Using the Search Tool for the Retrieval of Interacting 
Genes (STRING) database, Protein Protein Interaction 
(PPI) network was created between common targets. 
After selecting the common hub targets, Kyoto En-
cyclopedia of Genes and Genomes (KEGG) and Da-
tabase for Annotation, Visualization, and Integrated 
Discovery (DAVID) were used to carry out Gene On-
tology (GO) enrichment analysis utilizing the Shiny 
GO databases. Additionally, molecular docking anal-
ysis was performed to investigate the interaction be-
tween esculin and these potential therapeutic targets. 
The main hub targets identified through PPI network 
analysis were Glyceraldehyde-3-Phosphate Dehydro-

genase (GAPDH), Tumor Necrosis Factor (TNF), Matrix 
Metallopeptidase 9 (MMP9) gene, Epidermal Growth 
Factor Receptor (EGFR), Interleukin (IL)-2, MMP3, 
MMP1, MMP7, MMP12 and Mitogen-Activated Pro-
tein Kinase 1 (MAPK1). KEGG pathways revealed 
associations with bladder cancer, IL-17 signalling 
pathway, prostate cancer, melanoma, TNF signalling 
pathway, estrogen signalling pathway, endocrine re-
sistance, relaxin signalling pathway, central carbon 
metabolism in cancer, Hypoxia Inducible Factor-1 (HIF-
1) signalling pathway. Esculin’s therapeutic potential 
has been confirmed by the molecular docking data, 
which demonstrated high binding affinity between 
esculin and the top 10 hub targets. The present study 
offers significant confirmation of the basic molecular 
mechanism in bladder cancer treatment. According to 
current study, esulin shows potential as possibilities 
for developing of novel bladder cancer therapeutics. 
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PPI network construction and detection of hub targets
Using STRING database, version 12.0, an interaction network was gen-
erated to explore the interaction networks of the target genes for esculin 
(https://string-db.org/) and the PPI network was constructed with a min-
imum required interaction score >0.4 (Mering CV, et al., 2003). After the 
collected data had been imported into Cytoscape v.3.10.2, hub genes based 
on the degree method and higher-degree nodes were identified using 
Cytoscape’s cytoHubba plugin (Saito R, et al., 2014; Shannon P, et al., 2003; 
Sherman BT, et al., 2022) (Figure 2).

Figure 2: PPI network of common targets between bladder cancer 
and esculin

Pathways and GO enrichment analysis
Currently, one common method to explore genomic data-especially large-
scale transcriptome data-is GO analysis. Three groups examined potential 
targets for GO functional enrichment, Biological Process (BP), Cellular 
Component (CC) and Molecular Function (MF) (Dennis G, et al., 2003; 
Ge SX, et al., 2020). DAVID database (https://david.ncifcrf.gov/tools.jsp) 
and ShinyGO software version 0.76 (http://bioinformatics.sdstate.edu/
go76/) were used to explore pathways and diseases related to the hub genes 
in the KEGG (https://www.genome.jp/kegg/) respectively (Kanehisa M 
and Goto S, 2000; Harder E, et al., 2016). Gene set enrichment results with 
p<0.05 was considered statistically significant.

Molecular docking
The three Dimensional (3D) structures of esculin were made with the 
Schrodinger Maestro v13.5 software. Using the LigPrep and Epic modules 
from the Schrodinger’s suite, esculin was created at physiological pH (7.0 
± 2.0). Esculin was ionized utilizing the Optimized Potentials for Liquid 
Simulations 4 (OPLS4) force field to produce tautomeric states after which 
they were converted into their 3D structures (Sastry GM, et al., 2013; Bha-
choo J and Beuming T, 2017). The 3D crystal structures of target proteins 
were selected and acquired from the Protein Data Bank (PDB) (https://
www.rcsb.org/). Water molecules were removed from the crystal struc-
tures and hydrogen was incorporated where, it was not available. The loop 
gaps were closed and side chain protonation states were modified using 
the protein production technique. Heavier atoms were assigned hydro-
gens, charges and bond order. Selenomethionines were converted to me-
thionine, once all the water was eliminated. To make the grid, the chosen 
protein was first broken down and then subjected to further preparation. 

tecting cells from oxidative stress (Owczarek A, et al., 2021). Moreover, its 
anti-inflammatory properties have been investigated for their potential in 
mitigating inflammation and associated conditions. Additionally, esculin 
has shown antimicrobial activity against a range of bacterial and fungal 
pathogens, making it a potential candidate for the development of novel 
antimicrobial agents (Anand S, et al., 2024).
Focusing on therapeutics that can target many proteins involved in a dis-
ease’s features is an important part of treating diseases. Building several 
networks to comprehend the relationships between gene targets, illnesses, 
medications, and associated Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathways based on systems biology and computational biology is 
a useful technique in network pharmacology, which is used to build such 
treatments (Hopkins AL, 2008; Min S, et al., 2017; Kanehisa M, 2002). 
Furthermore, molecular docking makes it possible to compute the binding 
energies between ligands and receptors, which helps to forecast appropri-
ate binding modes (Maier JK and Labute P, 2014).
The purpose of this work was to use network pharmacology and molecular 
docking to explore the possible targets and mechanisms of action of escu-
lin in the treatment of bladder cancer. It is anticipated that this method will 
reveal novel therapeutic targets for bladder cancer and offer a molecular 
foundation for the application of esculin in the illness’s management.

MATERIALS AND METHODS
Obtaining esculin-related target genes
PubChem database provides the canonical chemical structure and Sim-
plified Molecular Input Line Entry System (SMILES) format for esculin 
(https://pubchem.ncbi.nlm.nih.gov/) (Kim S, et al., 2023). Subsequent-
ly, esculin target genes were obtained with the help of the SwissTarget-
Prediction (http://www.swisstargetprediction.ch/) and Search Tool for 
Interactions of Chemicals (STITCH) (http://stitch.embl.de/) databases 
respectively (Gfeller D, et al., 2014; Kuhn M, et al., 2007). To determine 
the target genes for esculin, the chosen targets were then combined and 
duplicate results were excluded from the analysis.

Obtaining bladder cancer-related target genes
Using the keyword “bladder cancer” as search term, bladder cancer-asso-
ciated target genes were selected from the GeneCards (https://www.gene-
cards.org/) database (Stelzer G, et al., 2016). 52.01 is the largest score value 
that was obtained, while 0.19 is the lowest. The potential target for bladder 
cancer is defined as the target with a score of not less than five. The chosen 
targets were combined to determine the target genes for bladder cancer 
and duplicate data was eliminated from the investigation.

Obtaining potential common targets
Using the online tool Venny (https://bioinfogp.cnb.csic.es/tools/venny/) 
2.1, the common targets were imported into a Venn diagram to identify 
the overlapping potential targets for esculin and bladder cancer (Figure 1).

Figure 1: Venn diagram showing the common targets between 
esculin and bladder cancer
Note: ( ) Targets related to bladder cancer; ( ): Targets related to 
esculin and ( ): Common targets between bladder cancer and esculin
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and KEGG pathway analyses were performed using the online tools, 
DAVID and Shiny GO. GO enrichment analysis includes three main 
branches, BP, MF and CC. According to the BP, the target genes mainly 
involved are in cellular response to Ultraviolet-A (UV-A), cadmium ion, 
extracellular matrix organization, extracellular to amyloid beta, response 
to light stimulus, extracellular structure organization and external en-
capsulating structure organization, etc. 
According to CC, the target genes were enriched in the Gamma Interferon 
Inhibitor of Translation (GAIT) complex, multi-vesicular body internal 
vesicle, ficolin-1-rich granule lumen, ficolin-1-rich granule, extracellular 
matrix, extracellular space and extracellular region (Figures 5A and 5B). 
The results obtained suggest that these central targets were associated with 
MF, such as collagen binding, epidermal growth factor activated receptor 
activity, epidermal growth factor binding, IL-2 receptor binding, opioid 
receptor, MMP activity, serine hydrolase activity, nitric oxide synthase 
regulator activity, serine hydrolase activity, phosphatase binding, peptidase 
activity and hydrolase activity (Figures 5C and 5D). 
Furthermore, the results obtained from the enrichment analysis of the 
KEGG pathway revealed that the predicted hub targets are related to path-
ways such as bladder cancer, IL-17 signalling pathway, prostate cancer, 
melanoma, TNF signalling pathway, estrogen signalling pathway, endo-
crine resistance, relaxin signalling pathway, central carbon metabolism 
in cancer and HIF-1 signalling pathway. Pathways with large number of 
common genes are clustered together in the hierarchical clustering tree, 
which summarizes the association among the important pathways shown 
in the enrichment chart (Figure 6). More significant p-values are indicated 
by larger dots.

Molecular docking analysis
Esculin has been employed to identify the top 10 hub targets for bladder 
cancer; docking analysis was successful in predicting the binding energy of 
these targets. The target protein exhibited strong binding and high degree 
of matching with the top active components. The results showed that GAP-
DH hub target (PDB ID: 1U8F) with esculin had a score of -10.765 kcal/
mol (Figure 7), with hydrogen bridges at the following amino acids-As-
paragine (ASN) Q:287, Serine (SER) O:51, Threonine (THR) Q:52, SER 
Q:51, ASN O:287 and Alanine (ALA) O:238. The results showed that TNF 
hub target (PDB ID: 1EXT) with esculin had a score of -11.050 kcal/mol 
(Figures 8 and 9), with hydrogen bridges at the following amino acids 
are Tyrosine (TYR) B:106, Arginine (ARG) B:77, Glutamic acid (GLU) 
A:109, ASN A:110, THR B:94, Cysteine (CYS) B:96. The results showed 
that MMP9 gene hub target (PDB ID: 1ITV) with esculin had a score of 
-9.217 kcal/mol (Figures 10 and 11), with hydrogen bridges at the following 
amino acids: CYS A:4, ASN A:7, ARG A:165, TYR A:187, Aspartic acid 
(ASP) A:195 and pi-cation bond at the ARG A:165 amino acid (Table 1). 

Subsequently, the co-crystallized enzyme ligand was surrounded by a re-
ceptor grid to reveal the binding location (Friesner RA, et al., 2006).
Non-cis/trans amide bonds were penalized during Extra Precision (XP) 
flexible ligand docking in Glide of Schrödinger-Maestro version 13.5 pre-
ceding High-Throughput Virtual Screening (HTVS) as a confirmation 
step (Bell JA, et al., 2012). The partial charge cutoff and Van der Waals scal-
ing factor for ligand atoms were selected to be 0.15 and 0.80, respectively 
(Elokely KM and Doerksen RJ, 2013). Bias sampling of torsions is carried 
out for each of the designated functional groups and docking score was 
raised by applying Epic state penalties. A docking score was produced by 
computing the final scoring with energy-minimized poses. For every lig-
and, the best-docked site with the lowest docking score value was deter-
mined.

RESULTS AND DISCUSSION
Screening of potential bladder cancer targets for esculin
We identified potential targets for esculin and bladder cancer from vari-
ous databases. A database search and analysis of the SwissTargetPrediction 
revealed 100 possible targets linked to esculin. Following integration and 
deduplication of values to identify putative targets linked to esculin. Simul-
taneously, 3500 potential targets linked with bladder cancer were found 
through database querying and analysis of GeneCards and 595 prospective 
targets were recovered following integration, and removal of duplicate val-
ues with a score of at least 5. The possible targets for bladder cancer and 
esculin were then analyzed using a Venn diagram to find overlapping tar-
gets. Out of all the targets, 23 shared targets (3.4% of the total) were found.

PPI network construction and hub targets analysis
To construct the PPI network and illustrate the association between the 
possible targets, 23 common targets were imported into the STRING data-
base, version 12.0. According to the findings, the PPI network has 107 
edges and 23 nodes, with a clustering coefficient of 0.806 and an average 
node degree of 9.3. p-value of PPI enrichment was <1.0 × 10-16 and the 
expected number of edges was 40, which was significantly lower than the 
actual number of edges observed. A network diagram of the hub targets 
of bladder cancer and esculin was created after the PPI network and was 
analyzed using the cytoHubba add-on of Cytoscape software to determine 
the top 10 hub targets of the PPI network using the degree method (Figures 
3 and 4). 
The results showed that the top 10 hub targets were GAPDH, TNF, MMP9, 
Epidermal Growth Factor Receptor (EGFR), IL-2, MMP3, MMP1, MMP7, 
MMP12 and MAPK1.

GO and KEGG pathway enrichment analysis
To understand and illustrate the molecular mechanism, GO enrichment 

Figure 3:  Top 10 hub targets in the PPI network, where 10 hub targets with highest degree of PPI network connectivity were identified with degree 
method using cytoHubba
Note: ( ): High and ( ): Low degree
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Figure 5: Bubble chart of the top enriched GO terms (BP, CC, MF) and KEGG pathways respectively

Figure 4: Bar chart of top 10 hub genes by degree method with scores

Vol 15, Issue 8 August September, 2024



Systematic Review Pharmacy 267

Reddy YV: Exploring the Therapeutic Potential of Esculin in the Treatment of Bladder Cancer

Vol 15, Issue 8 July August, 2024

Figure 6: Hierarchical clustering tree explaining the correlation among significant pathways listed in the enrichment analysis

Figure 7: (A and B): 2-D docking conformation of esculin with GAPDH hub target (PDB ID: 1U8F) and TNF hub target (PDB ID: 1EXT), respec-
tively

Figure 8: (A and B): 2-D docking conformation of esculin with MMP9 hub target (PDB ID: 1ITV) and EGFR hub target (PDB ID: 3G5Y), respec-
tively

Figure 9: (A and B): 2-D docking conformation of esculin with IL-2 hub target (PDB ID: 1M47) and MMP3 hub target (PDB ID: 1CAQ), respec-
tively

Vol 15, Issue 8 August September, 2024
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Figure 10: (A and B): 2-D docking conformation of esculin with MMP12 hub target (PDB ID: 2OXU) and MMP7 hub target (PDB ID: 7WXX), 
respectively

Figure 11: (A and B): 2-D docking conformation of esculin with MMP1 hub target (PDB ID: 1HFC) and MAPK1 hub target (PDB ID: 4FV1), 
respectively

Table 1: Docking score of esculin with top 10 hub targets

S. no Hub targets PDB ID Docking score (kcal/mol) Interacting residues

1 GAPDH 1U8F -10.765 ASN Q:287, SER O:51, THR Q:52, SER Q:51, ASN O:287, ALA O:238

2 TNF 1EXT -11.05 TYR B:106, ARG B:77, GLU A:109, ASN A:110, THR B:94, CYS B:96

3 MMP9 1ITV -9.217 CYS A:4, ASN A:7, ARG A:165, TYR A:187, ASP A:195

4 EGFR 3G5Y -9.115 VAL B:130, THR B:140, SER B:138, SER B:137

5 IL-2 1M47 -6.041 THR:145, ASN:143, SER:142, TYR:116

6 MMP3 1CAQ -7.853 GLY:205, TYR:236, SER:203, GLY:239

7 MMP1 1HFC -8.212 THR:145, ASN:143, SER:142, TYR:116

8 MMP7 7WXX -8.331 GLY:205, TYR:236, SER:203, GLY:239

9 MMP12 2OXU -9.183 LYS:177, TYR:240, PRO:238

10 MAPK1 4FV1 -7.654 ASP:104, ILE:81, LYS:162, HIE:78, LEU:73

target (PDB ID: 1M47) with esculin had a score of -6.041 kcal/mol, with 
hydrogen bridges at the following amino acids: ASP:20, ASP:84, ASN:88. 
The results showed that MMP3 gene hub target (PDB ID: 1CAQ) with es-
culin had a score of -7.853 kcal/mol, with hydrogen bridge at the ALA:169 

The results showed that EGFR hub target (PDB ID: 3G5Y) with esculin had 
a score of -9.115 kcal/mol, with hydrogen bridges at the following amino 
acids are Valine (VAL) B:130, THR B:140, SER B:138 and a metal coordin-
ation bond at the SER B:137 amino acid. The results showed that IL-2 Hub 
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amino acid. The results showed that MMP12 hub target (PDB ID: 2OXU) 
with esculin had a score of -8.212 kcal/mol, with hydrogen bridges at the 
following amino acids: THR:145, ASN:143, SER:142, TYR:116. The results 
showed that MMP7 hub target (PDB ID: 7WXX) with esculin had a score 
of -8.331 kcal/mol, with hydrogen bridges at the following amino acids: 
GLY:205, TYR:236, SER:203, GLY:239. The results showed that MMP1 
hub target (PDB ID: 1HFC) with esculin had a score of -9.183 kcal/mol, 
with hydrogen bridges at the following amino acids: Lysine (LYS):177, 
TYR:240, Proline (PRO):238. The results showed that MAPK1 hub target 
(PDB ID: 4FV1) with esculin had a score of -7.654 kcal/mol, with hy-
drogen bridges at the following amino acids, ASP:104, ILE:81, LYS:162, 
HIE:78, LEU:73.

CONCLUSION
The current study illustrates the role of esculin in the treatment of blad-
der cancer by combining network pharmacology and molecular docking 
studies. In the current study, the mechanism of known esculin and its 
interaction with target proteins with bladder cancer were examined using 
network pharmacology and molecular docking. Many signalling pathways 
that are crucial to esculin’s therapeutic mechanism were identified by the 
KEGG pathways study. These pathways include those that are involved in 
central carbon metabolism in cancer, TNF signaling route, estrogen signa-
ling pathway, prostate cancer, melanoma, bladder cancer, IL-17 signaling 
pathway, endocrine resistance and HIF-1 signaling system. 
Strong affinities for a range of hub targets and specific interactions with 
necessary residues suggest that these components could be utilized as 
building blocks for additional advancements and modifications. To com-
pletely understand the role of esculin in bladder cancer and to evaluate 
and enhance these findings, additional in vitro and in vivo investigations 
are necessary. This work lays the groundwork for future investigations 
into drug discovery and development, which will lead to more potent and 
specialized treatments. Future research into medication development and 
discovery will build on this work to produce more targeted and strong 
therapeutics.
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