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The development of advanced transdermal therapeutic systems requires matrices that combine biocompatibility,
mechanical integrity, and controlled release kinetics. This study focuses on the synthesis and characterization of
multicomponent hydrogel films based on gelatin, polyvinyl alcohol (PVA), and hyaluronic acid (HA), crosslinked with
glutaraldehyde. Gelatin provides essential biological signaling for cell adhesion and mimics the extracellular matrix,
while PVA enhances the structural stability of the composite. The integration of HA, a high-molecular-weight anionic
polysaccharide, aims to modulate the hydrophilicity and internal architecture of the polymer network to optimize
drug diffusion. Rheological analysis of the Gelatin/PVA/HA compositions reveals non-Newtonian pseudoplastic
behavior, where dynamic viscosity decreases as the shear rate increases. This characteristic is vital for the
processing and application of biomedical gels. The introduction of HA significantly increases the initial viscosity in
a concentration-dependent manner, indicating the formation of a more complex intermolecular network through
hydrogen bonding between the HA functional groups and the base polymer chains. At high shear rates, the
convergence of viscosity curves suggests the partial disruption of these physical interactions and a shift toward
hydrodynamic dominance. Structural analysis through gel fraction determination shows that while glutaraldehyde
effectively crosslinks the gelatin amino groups, HA remains primarily physically entrapped.
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Fig. 1. Fig.1.Viscosity of hydrogel systems vs. shear rate for gelatin/PVA compositions without additives and with 0.5% and 1.0% HA.

Consequently, increasing HA content from 0.5% to 1.0% results in a proportional decrease in the gel fraction
by 3-10% due to the leaching of uncrosslinked polysaccharide molecules. This structural modification directly
influences the swelling behavior in phosphate-buffered saline (pH 7.4). Samples containing 0.5% HA demonstrate
an optimal equilibrium swelling degree between 500% and 650%, maintaining structural stability alongside high
hydrophilicity. Conversely, compositions with 1.0% HA exhibit excessive swelling exceeding 700%, leading to
a degradation of mechanical properties caused by high osmotic pressure and electrostatic repulsion between
polyanionic chains. The research concludes that Gelatin/PVA/HA hydrogels with a controlled HA concentration
of 0.5% offer a superior balance of rheological properties, hydration capacity, and structural resilience. These
materials represent a promising platform for transdermal drug delivery and wound dressing applications, allowing
for the fine-tuning of API release through the adjustment of polymer ratios and crosslinking density.
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