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Introduction: The emergence of nanotechnology in the last decades opens new doors for exploring the effect of metal and metal-based nanoparticles as a new platform to apply/use in the diagnosis, prevention and treatment of oro-dental pathologies, and beyond. Some of the biological properties of nano-preps of various metals have been explored via assaying their anti-microbial effects (Ag, Zn, Cu and Au); against different bacterial and fungal species. Indeed, metals such as copper and silver, can be, at exceptionally low concentrations, extremely toxic to bacteria and microbes. Hence, today, biocidal metals are widely applied in industries including agriculture and healthcare. 

Objectives: At BioMAT'X, we have a special interest in designing, developing/formulating, characterizing and fine-tuning Copper (Cu) nanoparticles for efficiency testing and application in tissue engineering, regenerative medicine and drug delivery. The viability and/or cytotoxic effects, of Cu-based nano-preps, to date, are not well-described; especially for utility within the oral cavity. Thus, the purpose of this work is to evaluate the cytotoxicity of our home-made Cu nanoparticles and Cu-based nanoparticles modified/coated with a natural polymer shell and conduct a comparison with pure natural polymeric nano-formulations: chitosan nanoparticles. The effect of such core and shell modifications on main Physico-Chemico-Mechanical parameters was also examined, under sink conditions.
Methods: Novel Chitosan-Copper nanoparticles (NP Cu-Cs) were formulated via the layer by layer self-assembly technique, based on electrostatic interactions, and Chitosan nanoparticles (NP Cs) were produced via the ionic gelation method. Raw Cu for the Cu nanoparticles (NP Cu) were obtained from our commercial partner, NanoTech Chile. Characterization was performed using NanoSight (average hydrodynamic diameter, in nm and Zeta potential surface charge, in mV) analysis. Amongst others, NIH/3T3 cell lines were cultured and maintained for 72 hours in the presence of incremental concentrations of the different nanoparticulate formulations. Viability assays and proliferation (Alamar blue) analysis followed. Qualitative and Quantitative Biocidal and Anti-Microbial assays are also underway.
Results: Reproducible and positively-charged core-shell nanocapsules (< 100 nm in size) resulted. Stable, spherical and "non-toxic" nanoDevices suitable for intra-oral localized drug delivery applications are formulated; mainly attributed to the successful deposition of a uniform bio-polymeric layer completely surrounding and protecting the Cu core within. Once the tiny Cu nanoparticle is released, potentially via diffusion:erosion of the outermost polymeric matrix (release-controlled shell), efficient bioactive anti-microbial and bactericidal efficacy against microbial membranes were emphasized, further enhancing clinical potential. It was noted that our Np Cu nano-preps do generate toxic hydroxyl radicals facilitating damage to the cell membranes of Gram-negative and Gram-positive bacteria. 

Conclusions: Readily-available Copper, a natural resource of Chile, is recognized today as an important anti-bacterial agent. Indeed, it is registered as the first "solid" anti-microbial material. Fine-tuning with our natural polymers (chitosan, alginate and/or hyaluronic acid) results in more stable nanoparticles with controlled release pharmacokinetics. This work may provide viable alternatives for application in the fight against pathogenic microorganisms and bio-film formation, within the oral cavity (mouth/periodontal health), dentition (endodontic therapy), and beyond. We expect that this R&D&I line at BioMAT'X-CIIB would result in novel fine-tuned metal-based nanoDevices that potentially decrease the risk of bacterial recolonization and bio-film formation, enhancing the anti-bacterial and -microbial properties of biocidal compounds with applications in nanoDentistry and beyond.
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