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Development of polyelectrolyte complexes for siRNA ocular delivery 
 

Small interfering RNAs (siRNA) show great promise as potent inhibitors of protein expression for 
treating a diverse range of pathologies, including ocular diseases. The anatomic and physiological 
barriers of the eye required the development of new strategies for efficient gene silencing in the 
target compartment1. Several systems, including lipid- and polymer-based carriers, have been 
developed to enhance siRNA ocular delivery. The research focuses on developing and engineering 
non-viral carriers based on polyelectrolyte complexes that spontaneously self-assemble in aqueous 
solution via electrostatic interactions. Both topical (eye drops) and injectable formulations targeting 
anterior and posterior ocular segment diseases have been designed and developed considering 
Critical Quality Attributes (ICHQ8). The complexes consist of Protamine sulfate USP grade (PS), an 
FDA-approved polycationic peptide, which can bind siRNA and form a compact structure that 
protects RNA from degradation within biological systems and enhances penetration into cells2. To 
increase the transfection efficiency of siRNA, the introduction of biodegradable and biocompatible 
hyaluronic acid (HA) with different molecular weights (8-15 kDa and 15-30 kDa) into the complex 
was evaluated (PS/HA8-15, PS/HA15-30, respectively)3. The nanocomplexes were prepared via 
nanoprecipitation by dropwise adding the water phase containing HA, siRNA and Polysorbate 80 to 
the PS aqueous solution with a syringe pump. The optimized formulations were loaded with a model 
siRNA as a payload. The nanocomplexes show a hydrodynamic diameter of approximately 200 nm, 
a PDI of 0.2 and a negative Zeta-potential of -30 mV. High encapsulation efficiency (>95%) was found 
with the Quant-IT™ RiboGreen® reagent. The gel electrophoresis study confirmed that siRNA could 
be displaced in the presence of heparin and was stable in the nanocomplex after the formulation 
process. Colloidal stability of the complexes was satisfactory at different storage conditions (4°C, 
25°C and 37°C) over time (7 days), especially good at 4°C. In conclusion, the nanocomplexes 
exhibited favorable colloidal properties depending on HA molecular weight and tunable siRNA 
complexation efficiency. In vitro studies are ongoing to assess nanocomplex cytotoxicity and 
transfection efficiency on HCT116-luc cell line, as in vitro cell model, and on ARPE-19 (retinal 
pigment epithelial cell line). 
 


