Ketoprofen nano emulsions for melanoma treatment: Formulation development and characterization
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Abstract
Background: Melanoma is the rarest but deadliest form of skin cancer. Its worldwide incidence has been rapidly increasing, with 324.635 new diagnosis and 57.043 deaths in 2020 [1]. In the United Kingdom, around 16.700 cases are diagnosed each year [2]. In the early-stage of localized melanoma, surgical resection can be done and is generally effective. However, drug therapies are usually needed with metastatic disease. Nowadays multiple targeted treatments and immunotherapies have been developed, but a substantial number of patients are still not responsive to them, or develop secondary resistance after a while [3,4]. In addition, side-effects such as colitis, dermatitis, hepatitis, pancreatitis and pneumonitis are common and can get severe and intolerable [5]. 
Ketoprofen is a non-steroidal anti-inflammatory drug with phototoxic properties. It has been proven to have anti-proliferative activity in melanoma cell lines, which is enhanced and becomes more selective when used in combination with UVA radiation [6,7] making this molecule a suitable candidate for photochemotherapy. Howbeit, its predicted water solubility is only 0.0213 mg/mL [8], which is considered practically insoluble and can severely limit obtaining high drug strength in formulation.
Objectives: Because ketoprofen’s predicted water solubility is low, the purpose of this work was to incorporate it in an oil-in-water (O/W) nano-emulsion for obtaining an increased dosage in formulation, followed by the characterization of the developed nano-system, including droplet size, Poly Dispersity Index (PDI), zeta potential, pH, osmolality and accelerated stability studies. 
[bookmark: _GoBack]Design: Seventeen O/W nano emulsions were prepared by spontaneous emulsification. The oil phase was constituted by Lauroglycol™ 90 and Transcutol® HP (both co-emulsifiers and solubilizers) and Tween® 80 (high molecular weight emulsifier), while the aqueous phase was water. To investigate stability and quality, all samples were thoroughly visually checked for phase separation or heterogeneity visual signs. An analysis using dynamic light scattering (Zetasizer Nano ZS apparatus) followed, to determine droplet size and PDI. Nano emulsions with a PDI below 0.300 (more homogeneous) were selected for solubility assays, and again droplet size and PDI were assessed to figure out the solubility range. In order to further study the nanosystems, pH, zeta potential (Zetasizer Nano ZS), osmolality (VAPRO®) and accelerated stability (LUMiSizer) measurements were conducted.
Results: Two out of seventeen formulas had promising characteristics (PDI below 0.300, and droplet size below 300 nm) and were very reproducible. Both were mildly viscous, which could be adequate for topical application. Globally, nanoemulsions with increased quantities of Tween® 80 and Transcutol® HP had a lower PDI. Solubility assays proved it was possible to have up to 20 mg/mL of ketoprofen in the developed preparations while still having good droplet size and PDI values, increasing the drug’s solubility up to 930 times (compared to water). Nanosystem characterization suggests that the formulations might be compatible with skin in terms of pH, surface charge and osmolality. As for the accelerated stability studies, the overall instability index was lower in the nanoemulsions without the drug, and similar in formulations with different KET concentrations, which led to the conclusion that although drug incorporation into the vehicles destabilizes the nanoemulsions, this effect is not concentration-dependent up to the maximum allowed drug concentration. 
Conclusions: We were able to develop nanoemulsions with high ketoprofen strength, which could lead to high bioavailability upon administration. The data retrieved from the nanosystem characterization also demonstrates that the formulations might be suitable for topical application and that stability is not worsened with increased drug concentration. However, viscosity, long term real-time stability, in vitro drug release, ex vivo drug permeation, and in vitro citotoxicity still need to be assessed.
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