Multifunctional alginate and chitosan/alginate hydrogel membranes:
a strategy to control infection-driven fibrosis in chronic wounds
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Chronic and infected wounds frequently remain in a prolonged inflammatory state due to
persistent bacterial colonization and biofilm formation, which sustains immune activation
and amplifies profibrotic signaling. This environment promotes fibroblast-to-myofibroblast
differentiation, excessive extracellular matrix deposition, and ultimately pathological
scarring. Because infection control and fibrosis modulation are tightly linked in such wounds,
there is a growing need for multifunctional biomaterial dressings that can simultaneously
limit bacterial burden and attenuate profibrotic responses.

Here, we report the development of natural polysaccharide hydrogel membranes based on
sodium alginate or chitosan/alginate polyelectrolyte complexes, designed as a platform for
controlled release of a licorice-derived anti-fibrotic flavonoid while maintaining antimicrobial
functionality. Hydrogels were fabricated under aseptic conditions using internal ionic
crosslinking for alginate systems and controlled mixing/crosslinking for chitosan/alginate
systems. To overcome the solubility barrier of the hydrophobic bioactive compound, we
employed a nanoemulsion/micellar-type incorporation strategy using non-ionic surfactants:
a widely used pharmaceutical polysorbate — Tween 20 and a plant-derived sugar-based
surfactant — decyl glucoside. The resulting membranes were characterized for ultrastructure
and porosity (SEM), swelling capacity, mass loss, and release kinetics quantified by UV—-Vis
spectroscopy. Cytotoxicity and the ability to inhibit fibroblast-to-myofibroblast transition
(FMT) were evaluated using adult human dermal fibroblasts. Antibacterial performance was
evaluated using hydrogel eluates against clinically relevant Gram-positive and Gram-
negative reference strains via colony-forming unit quantification.

The results obtained point to a great potential of examined materials to serve as next-
generation wound dressings for chronic wounds, where infection-driven fibrosis remains a
major clinical challenge.
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