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Abstract:
Epilepsy is a prevalent neurological condition characterized by abnormal, excessive neuronal firing that leads to recurrent seizures. These seizures, particularly when prolonged, can cause extensive neuronal damage and death. Ferroptosis, a regulated form of cell death distinguished by iron-dependent lipid peroxidation and excessive accumulation of reactive oxygen species (ROS), has emerged as a key contributor to neurodegeneration in epilepsy. Recent evidence implicates lysyl oxidase (LysOX), an extracellular matrix-modifying enzyme, in the pathophysiology of various neurological disorders. However, its exact role in ferroptosis and epilepsy remains insufficiently elucidated.
This study aimed to investigate the potential of LysOX as a therapeutic target for preventing ferroptosis-induced neuronal damage in epilepsy. An in silico drug discovery approach was adopted, employing virtual screening of a comprehensive FDA-approved compound library against the LysOX protein. Top-ranking ligands were selected based on docking scores and blood-brain barrier (BBB) permeability, a critical factor for central nervous system drug delivery.
Further pharmacokinetic profiling was conducted using ADMET (Absorption, Distribution, Metabolism, Excretion, and Toxicity) parameters to assess drug-likeness and safety. Molecular dynamics (MD) simulations were performed to analyze the stability and conformational integrity of LysOX-ligand complexes, confirming the reliability of docking predictions.
To validate the computational findings, in vitro assays were carried out using SH-SY5Y human neuroblastoma cells. The neuroprotective efficacy of the selected compounds was assessed through the MTT assay, which demonstrated a significant improvement in cell viability upon treatment. Additionally, intracellular ROS levels were quantified using flow cytometry, revealing a marked decrease in oxidative stress in treated cells, indicating effective inhibition of ferroptosis.
Overall, this integrative study identified promising LysOX inhibitors with favorable pharmacokinetic profiles and strong anti-ferroptotic effects. These findings not only highlight the therapeutic relevance of targeting LysOX in ferroptosis-related neurodegeneration but also propose novel candidate compounds for further development in epilepsy treatment.
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