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Abstract:

Nanoparticle carriers are especially attractive for drug and gene delivery due to their ability to protect sensitive
active pharmaceutical ingredients (APIs), target them to tissues of interest, and tune API release rates. Inorganic,
mesoporous nanoparticles, including porous silicon and mesoporous silica nanoparticles, offer several advantageous
properties, including high surface area and pore volume for drug loading, ease of surface chemistry modifications,
tunable nanoparticle size and pore diameters, and are biodegradable/biocompatible, making them attractive
nanocarriers for drug deliver applications. These properties also make them especially useful in the incorporation of
nanoparticles into biomaterial scaffolds to alter material properties, protect sensitive therapeutics during fabrication,
and tailor drug release properties. The versatility that multiscale materials offer is an important feature that can be
exploited in biomaterials engineering. Here, the ability of these materials to interface and improve outcomes in the
nervous system is demonstrated in models of traumatic brain injury (TBI) and peripheral nerve transection injury.
Using a nanomedicine approach, growth factors were delivered systemically to the brain following TBI to reduce
secondary injury. API-loaded nanoparticles were incorporated into polymer and hydrogel scaffolds through spray
nebulization and digital light projection 3D-printing approaches in order to enhance in vitro neurite extension and
improve in vivo outcomes following sciatic nerve transection injury. In order to build on this work and move beyond
bulk hydrogel design, the fundamental chemistries and material properties of multiscale microgels, which combine
the beneficial properties of both microgels and mesoporous silica nanoparticles, were elucidated. Integrating
nanoparticle design concepts into multiscale materials engineering holds great promise across many fields in
engineering.
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