Development of Polymersomes for Delivery of Therapeutics to the Brain via Intravenous Injection

Development of an intravenously injectable therapeutic is desirable for treatment of the lysosomal storage disease GM1 gangliosidosis. Current studies in a feline model suggest that treatment of patients may require multiple invasive craniotomies and brain injections, with a further disadvantage of therapeutic gradients radiating from the injection sites. A minimally invasive intravenous injection could allow the therapeutic to be more uniformly distributed via the capillary network in the brain. For this delivery method, polymersomes, therapeutic-loaded polymer vesicles, will need to cross the blood-brain barrier (BBB). The BBB is a highly selective, semi-permeable membrane, and based on previous in vitro studies, polymersomes will need a diameter of less than 200 nm to transcytose from the blood into the brain [1]. Especially for pharmaceuticals used for rare diseases such as GM1 gangliosidosis, it is important that the formulations are engineered to be stable and have a long shelf life. Thus, therapeutics and carriers need to maintain their properties during processing for long-term storage, which includes cryogenic freezing and lyophilization (freeze-drying). 
Polyethylene glycol-b-poly(lactic acid) copolymer with a hydrophilic fraction of 20% was allowed to self-assemble into polymersomes in distilled water. Polymersomes were unable to maintain their size during lyophilization, so the effect of a lyoprotectant on size and structural maintenance was studied. Lyoprotectants are molecules that are hypothesized to protect particle structure and aid in size maintenance during lyophilization due to the presence of hydroxyl groups in their structures. Two lyoprotectants, inulin and mannitol, were tested at concentrations of 2, 5, and 8 wt%/v. Dynamic light scattering was used to measure particle size distributions (PSD) for the polymersomes. Solutions of polymersomes were also filtered through 0.80 and 0.45 μm membranes to remove large polymersomes or aggregates formed during self-assembly. Studies were conducted over two and a half hour time periods with measurements taken every thirty minutes. The self-assembly process was terminated by cryogenically freezing the polymersomes in liquid nitrogen. Lyophilization of the polymersomes was completed using a vacuum apparatus. Polymersomes were then reconstituted from their lyophilized state and diameters measured again to compare to the pre-lyophilization PSD.

Measurement data post-0.45 μm membrane was collected to study size distributions of polymersomes around the 200 nm range, as polymersomes less than 200 nm in diameter could be therapeutically deliverable to the brain, as shown in in vitro studies [1,2]. Control polymersomes were those formed without a lyoprotectant, and three sets of measurements were conducted for the control and for polymersomes incorporating either mannitol or inulin at 2, 5, or 8 wt%/v. The average diameters of polymersomes formed with inulin were not statistically different from average diameters of control polymersomes. Polymersomes formed with mannitol were statistically smaller than control polymersomes at the 120 minute time point for 2 and 8 wt%/v mannitol. There were also four instances in which inulin-filled polymersomes were statistically larger than mannitol-filled polymersomes: with 8wt%/v inulin at 90 minutes, 2 and 8 wt%/v inulin at 120 minutes, and 2 wt%/v inulin at 150 minutes. After lyophilization, reconstitution studies were performed to evaluate the size maintenance of the polymersomes. Size maintenance was quantified by dividing post-reconstitution peak diameter by pre-lyophilization peak diameter to provide a normalization value. For control polymersomes, PSD was not well maintained, shown by the normalization value of 4.63 which indicates a much larger post-reconstitution diameter. When either lyoprotectant was incorporated, PSD was much better maintained and resulted in normalization values closer to 1, with a range of 0.54 (2 wt%/v mannitol) to 1.22 (2 wt%/v inulin).
From the studies, it was determined that mannitol decreased the size of polymersomes compared to the control at 2 and 8 wt%/v mannitol and 120 minutes. When using inulin, no statistical differences in size were found versus the control. For reconstitution studies, both lyoprotectants led to enhanced maintenance of polymersome size throughout lyophilization, though inulin was most effective with a normalization value of 0.99 for 8 wt%/v. Current results will inform future studies aimed at creating the optimal polymersome for delivery of therapeutics across the BBB. 
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