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Introduction

Cardiac hypertrophy, defined as a prolonged increase in 
cardiac mass, occurs due to chronic systolic or diastolic wall stress  

 
[1]. Cardiac hypertrophy develops as a pathological response to 
various cardiovascular stressors, including myocardial infarction, 
chronic systemic hypertension, valvular heart disease, and 
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persistent inflammatory processes. Inflammation plays a crucial 
role in initiating and promoting cardiac remodeling by activating 
multiple signaling pathways that contribute to hypertrophic 
growth and fibrosis. Due to the high prevalence of these 
conditions, there is an increasing need to develop strategies that 
can prevent or attenuate cardiac hypertrophy. Sustained cardiac 
injury and subsequent structural remodeling can lead to serious 
complications such as arrhythmias, heart failure, and sudden 
cardiac death. Therefore, targeting inflammation and inhibiting 
cardiac hypertrophy are important therapeutic approaches for 
reducing cardiovascular morbidity and mortality [2,3].

In therapeutic settings, proton pump inhibitors are frequently 
recommended to treat gastrointestinal disorders such as 
Barrett’s oesophagus, Zollinger-Ellison (ZE) syndrome, and 
gastro-oesophageal reflux disease (GERD) [4]. Recent preclinical 
investigations indicate that PPIs modulate pro-inflammatory 
cytokines to reduce tissue inflammation [5,6]. Furthermore, 
studies demonstrate that proton pump inhibitors can suppress 
profibrotic molecules while stimulating antifibrotic pathways 
to diminish tissue fibrosis [7]. A prior data mining investigation 
identified a significant association between proton pump 
inhibitor utilization and enhanced outcomes in heart failure, 
especially in instances attributed to ischemic and non-ischemic 
heart disorders, encompassing cardiac hypertrophy [8]. A recent 
observational study provided more support for this, showing 
that patients with heart failure who used proton pump inhibitors 
had a better prognosis [9]. Additionally, there is evidence that 
proton pump inhibitors enhance endothelial function and control 
inflammatory reactions [10].

Additionally, research has revealed that the stomach isoform 
of H⁺/K⁺ ATPase is present in the heart, and pantoprazole has 
been shown to decrease cardiac contractility in both human 
and rabbit heart tissue [11]. These results suggest that proton 
pump inhibitors might directly affect heart failure. The very low 
pH of parietal cells is thought to be the reason for proton pump 
inhibitors specificity for proton pumps, as they need an acidic 
environment to activate. It is possible, therefore, that proton 
pump inhibitor prodrugs directly affect the heart without the 
usual activation mechanism since cardiac cells do not have a low 
enough pH to activate proton pump inhibitors [12]. The high-salt 
diet model serves as a well-established representation of salt-
induced cardiac hypertrophy, providing a valuable framework for 
investigating the impact of excessive salt intake on cardiovascular 
health [13]. Also, elevated salt levels have been shown to promote 
tissue inflammation and contribute to the development of cardiac 
fibrosis [14]. Preclinical studies suggest that proton pump 
inhibitors modulate various pro-inflammatory cytokines to 
regulate tissue inflammation.

Additionally, emerging evidence indicates that proton pump 
inhibitors inhibit profibrotic molecules, thereby mitigating tissue 
fibrosis; however, the precise underlying mechanisms remain 

unclear. To further investigate the potential cardioprotective 
effects of pantoprazole, we employed network pharmacology 
and molecular docking approaches. Network pharmacology 
was utilized to systematically analyze the complex interactions 
between pantoprazole and multiple molecular targets involved 
in the pathogenesis of cardiac hypertrophy. This method 
integrates databases and computational tools to predict drug–
target interactions and construct signaling networks. Molecular 
docking was performed to evaluate the binding affinity and 
interaction patterns of pantoprazole with the critically different 
molecular targets identified. Additionally, an in vitro study will be 
performed using the H9C2 (2-1) cardiac cell line, in which cardiac 
hypertrophy was induced by high-salt exposure to assess the 
potential cardioprotective effects of pantoprazole.

Materials and Methods

Network Pharmacology

Gene Screening for Pantoprazole-Associated Disease Targets

To determine potential disease-associated targets of 
pantoprazole, the compound was queried in the PubChem 
database using the keyword “Pantoprazole,” from which its 
molecular structure and SMILES representation were obtained. 
The retrieved SMILES code was subsequently entered into the 
Swiss Target Prediction platform to predict possible molecular 
targets.

Gene Screening for Cardiac Hypertrophy Related Targets

To identify genes associated with cardiac hypertrophy, the 
keyword “cardiac hypertrophy” was queried in the OMIM and 
Gene Cards databases. The retrieved datasets were merged, and 
duplicate entries were removed to compile a comprehensive list 
of hypertrophy-associated targets. Overlapping targets between 
pantoprazole and cardiac hypertrophy were then determined 
using the Venny tool to generate a Venn diagram. The intersecting 
targets were imported into the STRING database to construct a 
protein–protein interaction (PPI) network, restricted to Homo 
sapiens, with the confidence score set at 0.95, while disconnected 
nodes were excluded. The resulting PPI network was visualized 
and analyzed using Cytoscape (version 3.10.3). Further network 
characterization was performed with the CytoHubba plugin, which 
calculates topological parameters, including degree, closeness 
centrality (CC), and betweenness centrality (BC). Targets scoring 
above the mean for all three parameters were designated as hub 
genes and selected for subsequent analysis.

KEGG Pathway Enrichment Analysis

The previously identified differentially expressed genes were 
analyzed for KEGG pathway enrichment using the functional 
annotation tool g: Profiler, with a significance threshold set at 
p < 0.05. Genes associated with cardiac disease, as revealed 
through this enrichment analysis, were subsequently selected and 
visualized using an online bioinformatics visualization platform.
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Molecular Docking

The 3D structures of the target proteins, EGFR (PDB ID: 
8SC7) [15], JAK2 (PDB ID: 6VN8) [16], MMP9 (PDB ID: 5UE4) 
[17], RAF1 (PDB ID: 3OMV) [18], and CXCR2 (PDB ID: 6LFL) 
[19] were selected from the Protein Data Bank (PDB), a digital 
archive of protein structural information. Auto Dock Vina 
performed molecular docking studies to assess the interactions 
between these target proteins and Pantoprazole ligands. Before 
docking, the protein and ligand files were prepared in PDBQT 
format. Preprocessing included removing water molecules and 
introducing polar hydrogen atoms and Kollman charges to ensure 
proper charge distribution and protein polarity. A receptor grid 
box was generated around each macromolecule, with dimensions 
and center coordinates tailored for each target as follows:

1.	 8SC7: Grid box size of 40 × 30 × 26 Å (x, y, z) and center 
coordinates at 21.849 × 0.988 × 51.037 Å.

2.	 6VN8: Grid box size of 32 × 40 × 34 Å (x, y, z) and center 
coordinates at 53.724 × -20.314 × -11.072 Å.

3.	 5UE4: Grid box size of 40 × 40 × 40 Å (x, y, z) with center 
coordinates at 47.44714 × 63.92154 × 42.34468 Å.

4.	 3OMV: Grid box size of 40 × 46 × 40 Å (x, y, z) and center 
coordinates at 7.18303 × 16.88606 × 33.0137 Å.

5.	 6LFL: Grid box size of 40 × 40 × 40 Å (x, y, z) and center 
coordinates at 47.988 × -30.32 × 187.892 Å.

The prepared protein structures in PDBQT format were then 
utilized for molecular docking to investigate potential binding 
affinities and interaction patterns between the ligands and target 
proteins. Molecular docking studies were conducted using the 
prepared protein structures in Auto Dock Vina to explore the 
binding affinity and interactions of the ligands with key target 
proteins: EGFR (PDB ID: 8SC7), JAK2 (PDB ID: 6VN8), MMP9 (PDB 
ID: 5UE4), RAF1 (PDB ID: 3OMV), and CXCR2 (PDB ID: 6LFL). 
Docking was performed within an optimized grid box, generating 
ten poses for each ligand. The binding energy of Pantoprazole was 
evaluated. The docking interactions were visualized and analyzed 
using Biovia Discovery Studio 2024 for a detailed understanding 
of ligand-protein interactions.

In Vitro Study

The H9C2 (2-1) rat cardiac myoblasts were obtained from 
the National Centre for Cell Science, Pune, India. Subsequently, 
the cells were maintained in high-glucose Dulbecco’s Modified 
Eagle’s Medium (DMEM; HyClone) enriched with 10% fetal 
bovine serum (FBS; Himedia), 100 U/mL penicillin, and 100 µg/
mL streptomycin, and incubated in a humidified atmosphere at 
37°C with 5% CO₂ and 95% air.

Cell Viability Analysis

The MTT (2,5-diphenyltetrazolium bromide) assay was used 
to determine cell viability. H9C2 (2-1) cells at passage number 20 

were plated at a density of (2×103 cells/well) and seeded into 
96-well plates and incubated for 24 hours. Subsequently, the cells 
were exposed to Pantoprazole (PTZ) concentrations of 1 mM, 500 
μM, 250 μM, and 125 μM for an additional 24 hours. Following 
the treatment, 5 mg/mL MTT solution was introduced to each 
well and incubated at 37°C for 2 hours. The medium was carefully 
eliminated without disrupting the produced formazan crystals, 
and 150 µL of Dimethyl sulfoxide (DMSO) was added to dissolve 
them at room temperature. The absorbance was then measured at 
540 nm using a Varioskan Flash (Thermo Scientific) ELISA plate 
reader. Cell viability was calculated and presented as a percentage 
of the value observed in the control group.

High salt-induced cardiac cell hypertrophy

H9C2 (2-1) cells at passage number 25 were seeded at a 
density of 2 × 10⁴ cells per well and incubated for 24 hours to 
allow adherence and establish proper morphology. Subsequently, 
the cells were exposed to a 240 mM salt solution consisting of 
110 mM DMEM supplemented with 130 mM NaCl to induce 
hypertrophy. This group was designated as the Disease Control 
group, while wells containing only DMEM media served as the 
Normal group. Treatment groups were established based on the 
highest cell viability observed in the MTT assay. All three groups 
were maintained for 48 hours. After the 48-hour incubation time, 
the cell area was analyzed using Q Capture Pro software to assess 
hypertrophic changes. Additionally, culture supernatants were 
collected to evaluate levels of alpha-smooth muscle actin (α-SMA), 
a key marker of cardiac fibrosis. Quantification of α-SMA was 
performed using a commercial ELISA kit (Krishgen Biosystem, 
India; Catalog No. KLR3435) according to the manufacturer’s 
protocol (n = 3).

Results

Pantoprazole and its therapeutic targets

A total of 110 main targets for Pantoprazole were obtained 
from the Swiss Target Prediction database. After removing 
duplicates, 105 unique targets were identified and considered as 
Potential candidates associated with Pantoprazole. For cardiac 
hypertrophy, 1,187 genes were retrieved from Gene Cards and 
310 from OMIM, resulting in 1,497 genes after deduplication. 
These were standardized to 1,192 protein-coding genes using 
the HUGO database. The intersection of Pantoprazole targets and 
cardiac hypertrophy-related genes resulted in 29 shared targets 
(Figure 1), with their degree values summarized in Table 1. A 
protein–protein interaction (PPI) network for these 29 targets 
was constructed using Cytoscape 3.10.3, as illustrated in Figure 2.

GO enrichment and KEGG pathway analysis

Five primary targets were identified from the PPI network 
based on degree, betweenness centrality (BC), and closeness 
centrality (CC) values exceeding their respective median 
thresholds. Gene Ontology (GO) analysis results, covering the top 
10 terms across biological processes, cellular components, and 
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molecular functions, are presented in Figure 3. KEGG pathway 
enrichment analysis is presented in Figure 4, while Figure 5 

illustrates the involvement of pantoprazole-associated targets in 
the chemokine signaling pathway (Table 2), (Figures 6-13).

Table 1: Therapeutic targets with degree values.

Sr. no. Targets Degree value Betweenness centrality Closeness centrality

1. MAPK1 3 0.020147 0.388889

2. JAK2 6 0.21978 0.518519

3. BRAF 3 0.005495 0.358974

4. RAF1 5 0.25641 0.5

5. TNNC1 2 0 1

6. TNNT2 2 0 1

7. TNNI3 2 0 1

8. CTSD 1 0 0.28

9. CTSS 2 0.142857 0.378378

10. REN 1 0 1

11. SLC5A2 1 0 1

12. EGFR 5 0.441392 0.583333

13. PARP1 1 0 0.378378

14. MMP9 5 0.494505 0.538462

15. JAK1 2 0 0.424242

16. CXCR1 2 0 0.411765

17. CXCR2 3 0.100733 0.482759

18. MMP3 2 0 0.368421

19. MMP1 2 0 0.368421

20. GSK3B 2 0 0.35

21. CMA1 0 0 0

22. KCNJ3 0 0 0

23. CTRC 0 0 0

24. PDE9A 0 0 0

25. PSEN2 0 0 0

26. EPHX2 0 0 0

27. CYP17A1 0 0 0

28. TRPA1 0 0 0

29. ADORA1 0 0 0

Table 2: Pantoprazole binding affinity against different molecular targets.

Target Affinity (kcal/mol)

MMP9 -7

JAK 2 -7.9

RAF1 -7.4

EGFR -6.8

CXCR2 -8.1
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Figure 1: Identification of potential therapeutic targets associated with pantoprazole and cardiac hypertrophy.
Venn diagram shows the overlap between genes associated with cardiac hypertrophy and predicted pantoprazole targets. A total of 29 
common targets were identified, which were considered potential therapeutic targets involved in the cardioprotective effects of pantoprazole.

Figure 2: Protein- protein interaction (PPI) network analysis of common targets.
(A) PPI network constructed from the 29 overlapping targets associated with pantoprazole and cardiac hypertrophy using Cytoscape.
(B) Identification of core hub targets, including JAK2, CXCR2, RAF1, EGFR, and MMP9, based on network topology analysis.
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Figure 3: Gene Ontology (GO) enrichment analysis of the identified targets.
Bar plot representing the top enriched Gene Ontology terms categorized into Biological Process (BP), Cellular Component (CC), and 
Molecular Function (MF). The analysis indicates that the targets are primarily involved in smooth muscle cell proliferation, kinase activity, 
receptor signaling, and apoptotic regulation.

Figure 4: KEGG pathway enrichment analysis of pantoprazole-associated targets.
The KEGG pathway analysis highlights key biological pathways involved in cardiac hypertrophy and fibrosis, suggesting the potential role 
of pantoprazole in modulating inflammatory and kinase-mediated signaling pathways.
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Figure 5: Chemokine signaling pathway associated with pantoprazole targets.
Schematic representation of the chemokine signaling pathway highlighting the involvement of key targets identified in the study (JAK2, 
RAF1, and CXCR2, highlighted in red). These signaling components are associated with inflammatory responses, cellular proliferation, and 
cardiac remodeling.

Figure 6: Interaction analysis of pantoprazole with CXCR2 receptors.
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Figure 7: Interaction of pantoprazole with EGFR.

                                                                                                                                         
Figure 8: Interaction of Pantoprazole with JAK2.

Table 2 summarizes the binding affinities of pantoprazole 
with selected molecular targets implicated in cardiac 
hypertrophy. Among the targets analyzed, pantoprazole showed 
the strongest affinity for CXCR2 (-8.1 kcal/mol) and JAK2 (-7.9 
kcal/mol), suggesting potential modulation of inflammatory and 
signaling pathways critical in cardiac hypertrophy. Moderate 

binding affinities were observed with RAF1 (-7.4 kcal/mol) and 
MMP9 (-7.0 kcal/mol), indicating possible interactions with 
pathways involved in extracellular matrix remodeling and cellular 
proliferation. The weakest binding was observed for EGFR (-6.8 
kcal/mol), although this still indicates a measurable interaction.
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Figure 9: Interaction of Pantoprazole with MMP9.

Figure 10: Interaction of pantoprazole with RAF1.

Two-dimensional interaction shows the binding interactions 
between pantoprazole and the CXCR2 protein. Pantoprazole forms 
a conventional hydrogen bond with ASP84, which contributes 
to ligand stabilization within the binding pocket. Additional 
van der Waals interactions are observed with residues such as 
SER76, GLY324, VAL72, ILE73, GLU249, ILE253, GLY318, VAL69 
and PHE321. These interactions suggest that pantoprazole may 
interact favorably with CXCR2, a key mediator in inflammatory 
and fibrotic signaling pathways (Figure 6).

Two-dimensional representation of pantoprazole interactions 
with the epidermal growth factor receptor (EGFR) binding site. 
The ligand forms multiple van der Waals interactions with residues 
including MET793, PRO794, GLY796, CYS797, ASP855, THR854, 

LYS745, ILE789, LEU777, and THR790. These interactions may 
contribute to the stabilization of pantoprazole within the EGFR 
binding pocket (Figure 7).

Two-dimensional docking interaction shows the binding 
orientation of pantoprazole within the JAK2 binding pocket. 
Pantoprazole forms conventional hydrogen bonds with LYS882 
and LEU932, which may contribute to stabilization of the ligand 
within the active site. Several van der Waals interactions involving 
such as ASN981, ARG980, GLY856, GLY858, SER862, GLY861, 
and GLY993. These interactions suggest that pantoprazole may 
interact with JAK2, a key regulator involved in inflammatory and 
fibrotic signaling pathways (Figure 8).
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Figure 11: Effect of pantoprazole on cell viability in H9C2 (2-1) cardiac cells.

Figure 12: Effect of pantoprazole on high salt-induced cardiac hypertrophy in H9C2 (2-1) cells.
Quantification of cell area following exposure to high-salt conditions and treatment with pantoprazole at different concentrations. Pantoprazole 
(500 μM) significantly reduced the hypertrophic response compared with the disease control group. Data are presented as mean ± SEM (n 
= 3). #p < 0.05 vs normal control; *p < 0.05 vs disease control.

Two-dimensional docking interaction diagram showing the 
binding orientation of pantoprazole in the MMP9 binding site. 
Pantoprazole forms a conventional hydrogen bond with GLY233, 
along with van der Waals interactions involving residues such as 
PHE191, LEU234, and GLY263 (Figure 9).

Two-dimensional interaction analysis shows that 

Pantoprazole forms conventional hydrogen bonds with ASN472, 
LYS431, and CYS424, accompanied by van der Waals interactions 
with residues including GLY358, LYS470, GLY356, SER427, 
SER428, GLY426, LEU406, and PHE475. These interactions may 
contribute to the stabilization of pantoprazole within the RAF1 
active site (Figure 10).
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Figure 13: Effect of pantoprazole on α-smooth muscle actin (α-SMA) expression in H9C2 (2-1) cells.
α-SMA levels were measured to evaluate the expression of fibrotic markers following salt-induced hypertrophic stimulation. The disease 
control (DC) group showed a significant increase in α-SMA levels compared with the normal control (NC) group (p < 0.05). Treatment with 
pantoprazole (500 μM) reduced α-SMA levels compared with the DC group; however, this reduction was not statistically significant. Data 
are presented as mean ± SEM (n = 3).

Cell viability was assessed using the MTT assay after treatment 
with different concentrations of pantoprazole (1 mM, 500 μM, 
250 μM, and 125 μM). Results are expressed as percentage cell 
viability relative to the control. Data represent mean ± SEM (n = 
6). *p < 0.05 compared with control (Figure 11).

Quantification of cell area following exposure to high-
salt conditions and treatment with pantoprazole at different 
concentrations. Pantoprazole (500 μM) significantly reduced the 
hypertrophic response compared with the disease control group. 
Data are presented as mean ± SEM (n = 3). #p < 0.05 vs normal 
control; *p < 0.05 vs disease control.

Discussion

Cardiac hypertrophy is a hallmark of pathological cardiac 
remodeling and represents a critical intermediate stage in the 
progression toward heart failure. Persistent hemodynamic 
stress, metabolic imbalance, and inflammatory activation 
collectively contribute to structural and functional alterations 
in cardiomyocytes, leading to myocardial hypertrophy and 
fibrosis. Accumulating evidence suggests that inflammatory 
signaling pathways and kinase-mediated regulatory networks 
are central drivers of hypertrophic remodeling, making them 
attractive therapeutic targets for preventing disease progression 
[20]. In recent years, system-based approaches such as network 
pharmacology have emerged as valuable tools for understanding 
complex disease mechanisms and identifying potential therapeutic 
targets. Unlike conventional single-target strategies, network 

pharmacology considers the multifactorial nature of diseases 
and highlights the importance of multi-target interactions within 
biological networks [21].

In the present study, a combined network pharmacology, 
molecular docking, and in vitro validation approach was applied to 
investigate the potential cardioprotective effects of pantoprazole 
in cardiac hypertrophy. Network pharmacology analysis 
identified several overlapping targets between pantoprazole and 
cardiac hypertrophy–associated genes, including JAK2, CXCR2, 
MMP9, RAF1, and EGFR. These proteins are widely recognized 
as key regulators of inflammatory signaling, extracellular 
matrix remodeling, and cardiomyocyte growth, suggesting 
that pantoprazole may influence multiple pathways involved 
in pathological cardiac remodeling. Among these targets, JAK2 
plays a crucial role in the JAK/STAT signaling pathway, which 
has been extensively implicated in myocardial hypertrophy and 
fibrosis. Activation of the JAK2/STAT3 axis promotes fibroblast 
proliferation and enhances the transcription of profibrotic genes 
such as collagen type I and α-smooth muscle actin (α-SMA), 
thereby contributing to extracellular matrix deposition and 
myocardial stiffening [22]. Experimental studies have shown that 
excessive activation of JAK2 signaling accelerates pathological 
cardiac remodeling, whereas pharmacological inhibition of 
JAK2 can attenuate hypertrophic growth and reduce myocardial 
fibrosis [23]. In the present study, molecular docking analysis 
suggested that pantoprazole may interact with the binding region 
of JAK2, providing a potential mechanistic explanation for its 
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predicted role in modulating hypertrophic signaling. Another 
important target identified in this study is CXCR2, a chemokine 
receptor that plays a key role in inflammatory responses and 
oxidative stress–mediated tissue injury. Chemokine signaling 
has been increasingly recognized as a central driver of cardiac 
remodeling, particularly through the recruitment of inflammatory 
cells [24]. Previous experimental studies have demonstrated that 
inhibition of CXCR2 signaling can significantly reduce myocardial 
inflammation and attenuate pathological cardiac remodeling 
following cardiac injury [25].

The predicted interaction between pantoprazole and CXCR2 
observed in this study, therefore, suggests a possible role for 
pantoprazole in modulating chemokine-mediated inflammatory 
signaling pathways involved in cardiac hypertrophy. KEGG 
pathway enrichment analysis revealed significant enrichment of 
pantoprazole-associated targets within the chemokine signaling 
pathway. Chemokines are critical mediators of immune cell 
migration and inflammatory signaling during cardiac injury 
and remodeling. Persistent activation of chemokine pathways 
promotes inflammatory cell infiltration and stimulates fibroblast 
activation within the myocardium, thereby contributing to the 
development of myocardial fibrosis and hypertrophic remodeling 
[26]. The experimental findings obtained in this study further 
support the computational predictions. Exposure of H9C2 (2-
1) cardiomyocytes to high-salt conditions induced significant 
cellular enlargement, reflecting hypertrophic remodeling under 
pathological stress. Pantoprazole treatment attenuated this 
hypertrophic response, suggesting that pantoprazole may exert 
protective effects against stress-induced cardiomyocyte growth. 
In addition to cardiomyocyte hypertrophy, activation of fibroblast-
related markers represents another hallmark of pathological 
cardiac remodeling.

The increased α-SMA level observed in the disease control 
group reflects the activation of myofibroblasts and the initiation 
of fibrotic remodeling processes within the myocardium. 
Although pantoprazole treatment showed a tendency to reduce 
α-SMA level, the reduction was not statistically significant under 
the experimental conditions used in this study. This observation 
suggests that pantoprazole may primarily influence hypertrophic 
signaling rather than directly suppress fibrotic marker expression. 
The findings of this study suggest that pantoprazole may exert 
cardioprotective effects through multi-target modulation 
of signaling pathways associated with cardiac hypertrophy 
and inflammatory remodeling. By potentially influencing key 
regulators such as JAK2 and CXCR2 and modulating chemokine-
mediated inflammatory signaling, pantoprazole may contribute to 
the attenuation of pathological cardiac remodeling. Importantly, 
the computational predictions presented in this study should be 
interpreted cautiously, as molecular docking provides preliminary 
insights into potential ligand–protein interactions rather than 
definitive evidence of molecular inhibition. Further mechanistic 

investigations and in vivo studies will be necessary to validate 
these proposed pathways and to clarify the therapeutic potential 
of pantoprazole in the prevention of cardiac hypertrophy and 
associated cardiovascular complications.

Study Limitations

Despite providing important insights into the potential 
cardioprotective effects of pantoprazole, several limitations 
should be acknowledged. First, the molecular docking results 
represent computational predictions and should be interpreted 
as hypothesis-generating rather than definitive evidence of 
direct molecular interactions. Second, the in vitro experiments 
were performed using the H9C2 (2-1) cell line, which, although 
widely used as a cardiomyocyte model, may not fully replicate 
the complexity of in vivo cardiac physiology. Third, only one of 
the fibrotic markers was evaluated in this study to understand 
the antifibrotic effects of pantoprazole. Finally, in vivo studies 
are required to further validate the cardioprotective potential 
of pantoprazole and clarify its precise molecular mechanisms in 
pathological cardiac remodeling.

Conclusion

This study demonstrates that pantoprazole may have 
potential cardioprotective effects against pathological cardiac 
hypertrophy. Using an integrated network pharmacology, 
molecular docking, and in vitro approach, pantoprazole was found 
to influence key signaling targets associated with inflammatory 
and hypertrophic pathways. The experimental findings 
further suggest that pantoprazole can attenuate salt-induced 
cardiomyocyte hypertrophy in H9C2 (2-1) cells. Collectively, these 
results highlight the potential of pantoprazole as a repurposed 
therapeutic candidate for mitigating cardiac hypertrophy and 
remodeling. However, further mechanistic investigations and in 
vivo studies are required to validate these findings and clarify the 
underlying molecular mechanisms.
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