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Recent advances in polymer science and biotechnology have enabled the 

design of advanced gel-based biomaterials that better replicate the dynamic, 

structural, and functional features of native tissues. This presentation 

highlights original gel design strategies addressing key challenges in 

biomedical applications, including spheroid formation, mechanical instability of 

natural polymers, controlled therapeutic delivery, and dynamic tissue 

interaction. Water-in-water (w/w) emulsion-based hydrogel systems were 

developed as biomimetic microenvironments that enable matrix-supported 

spheroid formation while minimizing shear- and pressure-induced cell damage, 

demonstrating strong potential for 3D cell culture and bioprinting [1]. In 

parallel, starch-based hydrogels and Ca2+-crosslinked beads were engineered 

to overcome intrinsic mechanical limitations and evaluated as sustainable, 

injection-ready depots for localized cancer therapy [2]. In addition, alginate-

based cryogels integrated with cationic liposomal systems were designed to 

combine macroporous architectures with targeted and sustained drug delivery, 

while smart, crosslinker-free nanocomposite hydrogels exhibiting self-healing, 

shape-memory, and multi-stimuli responsiveness were introduced for 

regenerative wound-care applications [3]. These studies show that physical, 

supramolecular, and nanocomposite gel platforms can yield adaptable, 

biofunctional materials with significant potential in advanced biomedical 

technologies. 
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