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ABSTRACT

The Liu research group is interested in developing self-assembly processes for scalable production of pharmaceutical particles with precisely designed structure and functionalities. Both numerical and experimental endeavor are implemented to elucidate the fundamental mechanisms and to provide heuristic parameters for these physical and chemical processes. In this presentation, the self-assembly processes to make toroidal-spiral particles (TSP) and polymeric nanoparticles will be demonstrated. 

TSPs have well-defined internal channels for encapsulating multiple compounds, which are different sizes and may not be compatible in the same solution.  Moreover, the release schedule of each compound could be designed separately to reach best drug synergy. TSPs were generated under the competitive kinetics of viscous sedimentation flow, diffusion, drop interaction, and polymer cross-linking. TSPs were formed and loaded with proteins entirely within the aqueous phase under benign conditions to preserve delicate macromolecular conformations of the proteins and thereby maximize their bioactivity and bioavailability. One biomedical application of TSPs will be demonstrated through encapsulating and releasing irinotecan and an anti-VEGFR-2 antibody for the treatment of glioblastoma multiforme. 

Functionalized PNPs encapsulating therapeutic and imaging agents present unique opportunities to treat and diagnose complex diseases. One of major challenges of developing PNPs for clinical applications is the large-scale production while maintaining consistent nanoparticle properties, such as drug loading, size distribution, and surface functionality. We have focused on a continuous and scalable process to generate stable nanoparticles by integrating nanoprecipitation with spray drying. Interplays of simulation and experiments have been applied to understand the competitive kinetics, which is the key to control the physicochemical properties and stability of the nanoparticles. Formation and functionality of two types of nanoparticles were demonstrated – (1) polymeric nanoparticles encapsulating hydrophobic SR13668 and curcumin for enhanced drug oral bioavailability and functionality, and (2) lipid-camouflaged polyphosphate nanoparticles for selective blood clotting. 
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