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Biomaterials inspired by nature are opening new avenues in regenerative medicine by 
integrating sustainability, functionality, and biological compatibility. This work explores 
nanovesicles derived from plant sources (p-NVs) as self-assembling biomaterials with strong 
potential in skin regeneration. Isolated through a green, solvent-free extraction protocol and 
purified via size-exclusion chromatography, p-NVs spontaneously form nanoscale vesicular 
structures (100–250 nm) as confirmed by NTA, DLS, and TEM. Their stable negative surface 
charge and preserved morphology under stress conditions, including freeze-drying, highlight 
their intrinsic self-organizing and robust material properties. Functionally, p-NVs counteract 
oxidative stress typically associated with tissue injury and promote dermal fibroblast migration, 
as evidenced by scratch assays and gene expression profiling of markers involved in epithelial–
mesenchymal dynamics. As naturally self-assembled nanostructures, p-NVs exhibit high 
biocompatibility and safety, with no observed cytotoxicity toward human fibroblasts or 
keratinocytes. Moreover, topical administration of p-NVs was evaluated in a cohort of healthy 
human volunteers using non-invasive dermatological assessments, revealing no significant 
impact on TEWL or erythema index and confirming their biological inertness and suitability for 
clinical use. p-NVs retained both structural and functional integrity when embedded in a 
topical formulation, supporting their role as advanced biomaterials designed for seamless 
interaction with the skin. This study underscores the promise of naturally occurring, self-
assembling nanovesicles as a green and ethical alternative to conventional synthetic or 
animal-derived systems, paving the way for eco-conscious, adaptable solutions in next-
generation regenerative and therapeutic strategies. 


