72 pt 1 in 25.4 mm 54 pt 0.75 in 19.1 mm 54 pt 0.75 in 19.1 mm 54 pt 0.75 in 19.1 mm

Clinical Relevance-This project is aimed to allow chronic patients to be treated in a personalized, painless and reliable manner. For instance, it would provide diabetics with a wearable device delivering a specific flow of insulin throughout the day.

I. INTRODUCTION

TDD is nowadays mostly used for topical applications such as local anesthesia. To provide a reliable wearable TDD device suitable for a broad range of drugs, the combination of MN and ITP was studied. MN are used as a painless way to perforate the outer layer of the epidermis, the stratum corneum (SC), creating a pathway for the drug to diffuse. This would not only allow heavy molecules to cross the skin barrier, but also increase reproducibility as SC irregularities like hairs or scars are avoided. ITP is used in addition to accelerate ionic diffusion by applying a small current, i.e. < 0.5mA/cm² [START_REF] Sylvestre | Iontophoresis of dexamethasone phosphate: Competition with chloride ions[END_REF], on screen-printed Ag/AgCl electrodes. The distance between anode and cathode can be adjusted for deeper migration which is an advantage for systemic applications.

II. METHODS

Injection-molded PLLA hollow microneedles were provided by Yamada Seiko, Japan.). They will be filled with a FITC-BSA solution (Merck, Germany). Compression tests were performed on skin models (50N, TAXT Plus Texturometer, UK) and penetration depths were measured by optical microscopy (Keyence VHX-7000, Japan).

Iontophoresis electrodes were screen-printed on Thermoplastic Polyurethane (TPU) with a set of silver, silver/silver chloride, carbon and dielectric inks (Creative Materials and Dupont, US). Silver and silver chloride particles distribution was observed and quantified by Scanning Electron Microscopy (SEM) coupled with Energy Dispersive X-ray (EDX) analysis (Zeiss Merlin, Germany), before, during and after drug delivery.

The diffusion of FITC-BSA will be compared as described in Figure 1. The amount of diffused FITC-BSA will be quantified by fluorimetry (Tecan Infinite M1000, Switzerland). However, a series of preliminary experiments were required beforehand such as the preparation of skin M. Rafie Jirdehi is with the University Grenoble Alpes, CEA LITEN/DTNM and LETI/DTBS, F-38000 Grenoble, France. Phone: +33438786450; e-mail: mehrsa.rafiejirdehi@cea.fr models or FITC calibration curves. As for iontophoresis, different electrodes lifetime and reproducibility were compared by chronopotentiometry (PalmSens, Netherlands) in an electrochemical cell filled with Phosphate Saline Buffer (PBS) 1X (diluted from PBS 10X, Merck, Germany).

III. RESULTS

MN arrays were tested on different mechanical skin models. It has been shown that gelatin/glycerol formulations give smaller penetration depths after MN removal, mimicking skin elastic response unlike clay for instance. These results help choosing an accurate skin model but also adjusting microneedles lengths for an effective yet painless drug delivery. As for ITP electrodes, the experimental setup was first simulated (COMSOL Multiphysics, Sweden) to validate the electrode design by visualising electric field lines or the current density distribution. Later on, chronopotentiometry measurements such as those shown in Figure 2 were performed to select the most long-lasting electrodes. SEM/EDX analyses infer that the reaction is limited by silver, whose available surface must be maximized in order to extend electrodes lifetime.

IV. DISCUSSION & CONCLUSION

Both ITP and MN are drug delivery technologies of medical interest and number of patents has been filed in this regard. A deeper understanding of the ITP electrochemical mechanism is necessary, as many commercialized devices have been withdrawn from the market [START_REF] Bakshi | Iontophoretic Skin Delivery Systems: Success and Failures[END_REF]. ITP and MN combination is a promising challenge for heavy molecules that are not yet considered suitable for TDD, which is why insulin will eventually be used in drug delivery experiments. Such device would be life-changing for children or chronic patients for whom treatments are constraining to take.

Novel technologies for transdermal delivery of active molecules
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 21 Figure 2. Lifetime comparison of iontophoresis electrodes depending on the chosen ink or surface modification. The plateau aroung 1.7V corresponds to the electrolysis of water that takes places once the Ag/AgCl reaction is over