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The development of reliable in vitro brain models remains a major challenge in neuronal tissue 
engineering, driven by the need for physiologically relevant platforms to investigate disease 
mechanisms and evaluate innovative therapeutic strategies for neurological disorders. 
Membrane technology offers unique opportunities to engineer biomimetic microenvironments 
that reproduce key structural, physicochemical, and transport properties of native neural 
tissue, providing advanced biointerfaces that regulate cell behavior and tissue organization. 
This lecture will present recent advances in membrane-based platforms for neuronal tissue 
engineering, highlighting the multifunctional role of polymeric membranes as bioinspired 
materials and dynamic interfaces supporting neuronal adhesion, differentiation, neurite 
outgrowth, network formation, and synaptic connectivity. Particular attention will be devoted 
to membrane bioreactors and biohybrid membrane systems integrating living cells, functional 
membranes, and bioactive molecules to recreate physiologically relevant in vitro models while 
overcoming the mass transport limitations of conventional static cultures. Representative 
applications will illustrate how these biomimetic membrane tools combine controlled 
molecular transport with nanoscale and microscale surface cues to investigate neuronal 
regeneration and model Alzheimer's disease, neuroinflammation, cerebral ischemia, and 
oxidative stress. These engineered tissue models provide powerful platforms for studying 
disease mechanisms, cell–material interactions, and the efficacy of novel neuroprotective 
compounds, offering valuable alternatives for preliminary drug screening while reducing 
reliance on animal models. By bridging membrane science, nanotechnology, biointerface 
engineering, and regenerative medicine, membrane-based biohybrid systems are emerging as 
key enabling technologies for next-generation in vitro brain models, opening new perspectives 
for precision biomedical research, drug discovery, and engineered neuronal tissues. 


