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liposomes, silica nanoparticles) or nanogels (cross-linked polymer 
networks) for encapsulating drugs and targeting specific tissues or cells.

•	 Biological Components: Incorporate biological molecules 
like proteins or peptides to enhance targeting specificity or promote 
cellular uptake.

•	 Drug Payloads: Select therapeutic agents such as anticancer 
drugs, antibiotics, insulin, or pain relievers depending on the intended 
application [6].

Methods

   Polymer synthesis and characterization

•	 Prepare polymers with desired properties using techniques 
like emulsion polymerization or solvent evaporation.

•	 Characterize polymer structure and properties using 
spectroscopic methods (FTIR, NMR), thermal analysis (DSC, TGA), 
and particle size analysis (DLS, SEM).

    Encapsulation of drugs

•	 Dissolve or disperse drugs in polymer solutions or 
suspensions.

•	 Use methods such as solvent evaporation, nanoprecipitation, 
or emulsification to encapsulate drugs within polymeric matrices or 
nanoparticles [7].

    Stimuli-Responsive Design

•	 Modify polymers with functional groups sensitive to specific 
stimuli (e.g., pH, temperature).

•	 Test responsiveness in vitro using simulated physiological 
conditions or specific stimuli.

    Characterization of drug release

•	 Conduct in vitro release studies under relevant conditions 
(e.g., pH, temperature) using dialysis membranes or dissolution 
apparatus.

•	 Analyze released drug concentrations over time by 
spectroscopic or chromatographic methods [8].

    Biocompatibility and cytotoxicity assessment

•	 Evaluate compatibility of developed biomaterials with 
biological systems using cell culture assays.

•	 Assess cell viability, proliferation, and morphology after 
exposure to biomaterials [9].
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