Advances in self-emulsifying drug delivery system (SEDDS): 
Overcoming PEG-surface limitations for intracellular drug delivery
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[image: ]Introduction: Self-emulsifying drug delivery systems (SEDDS) are among the most promising lipid-based nanoparticles (LBNP) for the oral delivery of lipophilic small molecules as well as hydrophilic peptides and nucleic acids. For these drugs the intracellular uptake is often a prerequisite to unleash their therapeutic potential. However, the majority of formulated LBNP rely on PEGylated surfaces to guarantee stability within biological systems. Despite manifold advantages, PEGylation goes hand in hand with the substantial reduction in cellular uptake of modified LBNP, thereby limiting the efficacy of encapsulated drugs. While this so-called PEG-dilemma is increasingly addressed for various nanoparticles the ubiquitous use of PEG-surfactants for SEDDS development remained unquestioned.

Objectives: Development of PEG-surfactant free SEDDS with a polyhydroxy modified surface to address the limitation of inert PEGylated SEDDS surfaces for intracellular drug delivery.

Materials and Methods: We investigated alternative surfactant types with polyglycerol and polyglucoside chemistry to modify SEDDS surfaces and evaluated the impact of surfactant exchange on critical drug delivery parameters such as self-emulsification, droplet size, zeta potential, payload, protective effect towards drug degradation, stability in bio-relevant media and SEDDS mucus diffusion. Using flow cytometry and confocal microscopy combined with image analysis special emphasis was placed on SEDDS cellular uptake and distribution. The in-vitro inhibition of tumor cell growth by cytosolic delivery of curcumin as model drug was evaluated as conclusive experiment. 

Results and Discussion: Exchanging PEG-surfactants with polyglycerol- and a polyglucoside-surfactant possessing a polyhydroxy head group did not detrimentally affect the SEDDS self-emulsification properties, stability, payload or protective effect towards oxidation of the formulated model drug curcumin. Surface-modified SEDDS demonstrated adequate mucus permeation comparable to PEG-SEDDS. The zeta potential of PEG-SEDDS was suppressed by the inert PEG-surface compared to surface modified SEDDS. This charge shielding and steric hinderance not only substantially reduced cellular uptake up to 50-fold, but also impeded the endosomal escape resulting in an up to 20-fold higher association with degrading lysosomes. In contrast, polyhydroxy-modified SEDDS revealed pronounced cellular internalization and no lysosomal co-localization. This improved uptake resulted in an over 3-fold higher inhibition of tumor cell proliferation after cytosolic curcumin delivery

Conclusions: Replacing PEG- with polyhydroxy-surfactants represents a thriving approach to overcome the limitations encountered by PEGylated SEDDS surfaces. Combination of various surfactants can pave the way for advanced, multifunctional surface designs not only for SEDDS but also for various other surfactant-based LBNPs.
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