Development of a diffusion-based mathematical model to design multi-layered hydrogels for ophthalmic drug delivery
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ABSTRACT

[bookmark: _GoBack]The study of ocular drug delivery systems has been, one of the most covered topics in drug delivery research. A potential solution lays in the use of materials, already commercially available in ophthalmic lenses (contact and intraocular lenses) as drug carriers. [1,2] The aim of this work was to develop a diffusion-based mathematical model which enables the design of multi-layered drug loaded lenses with optimal drug release behaviour. To achieved such optimal and tailored behaviour a proper combination of drug and materials, with adequate drug diffusivity, thickness and interfacial transport characteristics should be pursued to allow control over the initial drug burst and to maximize the drug release time.
Hydrogels based on poly(2-hydroxyethylmethacrylate) (P(HEMA)) were prepared and loaded, by soaking, with two different drugs (levofloxacin - 5 mg mL-1 and 10 mg mL-1 - and chlorhexidine - 1 mg mL-1 and 2.5 mg mL-1). Diffusivity of both drugs in P(HEMA) was determined by fitting of experimental drug release data (release performed in 5mL of saline solution, with removal at predetermined times of aliquots for drug quantification) to the mathematical model. Multi-layered drug releasing systems were obtained by placing a drug loaded hydrogel disc between two non-loaded hydrogel discs. Interfacial transport resistance was determined from fitting of the experimental drug release profile to the mathematical model. Then, we used the model to predict the drug release behaviour of multi-layered lens loaded with levofloxacin and chlorhexidine and to analyse the design parameters of multi-layered ophthalmic lenses, namely the role of the drug diffusion coefficient in the material, of the thickness and of the interfacial transport characteristics of the layers. 
We show that the initial burst may be minimized and near zero-order release conditions may be achieved by a proper selection of the relative dimensions and characteristics of the loaded/non-loaded layers of the lenses. 
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