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Preclinical evaluation of skin substitute comprising biodegradable synthetic polymer and human derived extracellular matrix components for functional skin tissue regeneration
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Abstract  

Complex and chronic wounds represent significant health burden. For extensive and deep wounds, autografts are considered as gold standard. To solve the problem of limited availability of autografts, tissue engineering technologies have been developed resulting in complex skin equivalents suitable for wound healing and regeneration. Most of the approved skin equivalents in the market contain non-degradable, allogeneic/xenogenic scaffold materials. Our study aims to develop a non-immunogenic skin substitute for in vitro and in vivo guided tissue engineering. The developed skin substitute comprise electrospun terpolymer poly (lactide-glycolide-caprolactone) [PLGC], human-plasma derived fibrin (FIB) and umbilical cord derived hyaluronic acid (HA). The terpolymer PLGC is synthesized using monomers approved for clinical use. The fibrin is made from pharmacopoeia grade fibrin sealant and HA is proven to be highly pure. The function of synthetic electrospun scaffold is to provide mechanical strength to prevent wound contraction and FIBHA for promoting wound regeneration. In this study, it is proven that the combination scaffold (PLGCFIBHA) possesses appropriate mechanical strength, degradation profile, porosity, and further validated its application for in-vitro dermal tissue engineering after long term culture. The in-vivo hypersensitivity and irritation test suggested non-immunogenic and tissue compatible nature of the combination scaffold.  About 70 % in-vivo degradation of the PLGC within 120 days was proven based on molecular weight determination. The final lyophilized product PLGCFIBHA is hemostatic, self-adherent to acute/debrided wound, biodegradable, non-immunogenic, and stable during storage. The in- vivo dermal tissue regeneration potential was evaluated by applying on 4x4 cm2 PLGCFIBHA on burn wounds produced in rabbit model and were compared with untreated control after 28 days. Qualitative and quantitative analysis of the explanted wound site showed accelerated wound closure, epithelialisation, ECM deposition, angiogenesis and skin appendages regeneration when wounds were treated with PLGCFIBHA. Hence, the developed novel skin substitute is recommended for dermal regeneration in topical wounds.
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