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Neurological disorders, including cerebrovascular and neurodegenerative diseases,
represent one of the most urgent challenges in modern medicine. Despite progress in
neuropharmacology, many available drugs exhibit limited clinical efficacy, often due to poor
penetration across the blood-brain barrier (BBB) and suboptimal bioavailability. Intranasal drug
delivery has emerged as a promising route for non-invasive, rapid CNS targeting. Of special
interest are intranasal gel dosage forms, which offer prolonged mucosal contact, improved drug
retention, and increasing therapeutic effectiveness. The aim of this study was to develop and
preclinically evaluate novel intranasal gel formulations of neuroprotective agents, using in silico
modeling and machine learning tools to optimize composition and predict efficacy and safety.

Methods: We have created a new information technology for in silico substantiation of
rational formulations of intranasal dosage forms with neuroprotective effect and developed the
expert system “ExpSys Nasalia”. We have created models for machine learning of binary
classification to predict the penetration of APIs through the GEB and to prevent the occurrence
of pharmaceutical incompatibilities in the composition of the formulation. Three intranasal gels
were formulated with neuroprotective agents: Angiolin, IL-1 receptor antagonist (IL-1ra), and
Compound K (a triazoloquinazoline derivative).

Results: The resulting formulations demonstrated high safety in toxicological studies,
with no observed local irritation or allergenicity. IL-1ra gel showed superior neuroprotective
efficacy compared to citicoline in ischemia and multiple sclerosis models. Angiolin gel improved
survival and cognitive outcomes in neonatal rats following prenatal hypoxia. Compound K gel
reduced anxiety, improved memory, and exerted antioxidant and anti-apoptotic effects after
ketamine anesthesia.

Conclusions: This study demonstrates a successful framework for developing intranasal
neuroprotective drugs using information technologies and machine learning. The three novel gels
exhibited favorable safety profiles and significant neuroprotective potential in preclinical
models, supporting their further development as novel therapeutic options for brain disorders.



