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Objectives: Briefly, oro-dental conditions such as dental decay, gingival/periodontal diseases and halitosis result from micro-organisms accumulation (dental plaque). Anti-microbial agents, have been suggested to contribute to prevent plaque formation. Recently, different applications of metallic nano-formulations have been described. Copper has been highlighted for its anti-microbial, -bacterial, and -fungal properties. However, no efficient delivery strategies exist. Hence, bioactive Copper nanoparticles were prepared, characterized, optimized and coated with alternating layers of polymers, via our layer-by-layer self-assembly technique, to enhance and control the behavior of nanocapsules, whereby creating a multi-layered shell around the Copper core would preserve its bioactivity, in specific pre-determined concentrations/dosages for the intended clinical use, and control its direct and localized release, over time.

Methods: Pre-formulated Copper nanoparticles were coated with alternating layers of alginate and chitosan. The nanocapsules were evaluated and characterized by hydrodynamic size/diameter, surface charge, morphology (SEM/TEM), encapsulation efficiency, loading capacity, linear release kinetics, and stability, over time. Furthermore, cyto-activity and anti-microbial properties of core-shell nanocapsules were tested against the most frequent bacteria(s) involved in oro-dental conditions. Bacterias were incubated (24 hrs, 37°C, 200 r.p.m.) and growth was monitored. Data from physico-chemico-mechanical and cellular experiments were correlated with dose-response curves, for optimal formulation.

Results: Prototype for scale-up is ready and Patent application filed. Spherical, monodisperse, hydrophilic and stable hybrid sub-micron core-shell delivery system for nano-sized Copper is designed, formulated, characterized, evaluated and fine-tuned. The system offers numerous compartments for encapsulation within the polyelectrolyte shell demonstrating good entrapment/loading capacity and sustained linear release of bioactive Copper nanoparticles, in vitro. Such properties can be easily modulated. The continuous release of bioactive Copper, for at least 24 hrs was deemed a significantly-effective anti-microbial strategy against the tested strains. Furthermore, our findings demonstrate that this novel delivery system features an extended shelf life and can be loaded immediately prior to clinical use, preventing any loss of concentration or bioactivity, thereby enhancing cost-effectiveness and market translation as well.
Conclusions: The traditional dental floss is a unique drug delivery system. Our bioFloss offers compartments for drug(s) entrapment to incorporate different agents, for their synergistic localized administration, while flossing. Overall, the linear release of the load (sustained over time) can be tailored to modulate the pharmaco-kinetic phases, simply. Thereby, multiple conditions can be simultaneously targeted; a step closer towards the ideal prevention, maintenance and potentially treatment of oro-dental conditions, an easy-to-use tool for an improved Quality of Life.
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