The degradation of silk fibroin scaffolds studied by FTIR and Raman spectroscopy
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Silk fibroin (SF) material exhibits favorable biocompatibility profile, structural design flexibility, and excellent mechanical properties, so it is frequently engineered into regenerative scaffolds. In tissue engineering, scaffolds serving as temporary extracellular matrix for cellular growth must degrade over time, with degradation rates coordinated with tissue regeneration processes. Although significant progress has been achieved in tissue engineering, modulating scaffold degradation kinetics according to the regenerative capacity of host tissues remains a major challenge. To date, most studies have focused on the roles of scaffold properties in cell differentiation and tissue regeneration, while scaffold degradation mechanisms have received comparatively less attention.
While scaffold degradation kinetics fundamentally determine clinical applicability, current characterization methods lack molecular-level resolution. Our study systematically investigated the structural degradation kinetics of SF-based scaffolds using vibrational spectroscopy. Employing Fourier-transform infrared (FTIR) and Raman spectroscopy to monitor secondary structural changes of protein molecules under varied degradation conditions, thereby establishing structure-degradation relationships. 
First, SF was extracted from Bombyx mori cocoons to fabricate three-dimensional porous sponge-like scaffolds. Composite scaffolds were prepared by blending SF with 30 wt% and 50 wt% gelatin. Scaffolds were incubated at 4°C, 25°C (ambient), and 37°C for 6 days in PBS (0.05 M, pH 7.5), NaOH (0.05 M), trypsin (1 U/mg), or pronase (1 U/mg) solutions to induce natural degradation, alkaline hydrolysis, or enzymatic degradation. Each experimental group contained five biological replicates (n=5). Post-treatment samples were lyophilized at -90°C, 0.1 mbar and measured using FTIR and Raman spectroscopy. Statistical analysis of characteristic peak intensities and compositions enabled inference of secondary structural changes during SF scaffold degradation.
Our findings demonstrate that selected degradation agents (alkali, trypsin, pronase) significantly alter the secondary structure of SF scaffolds. FTIR analysis revealed dynamic transitions among α-helix, β-sheet, and random coil conformations. Raman spectroscopy detected tyrosine residue environmental changes (850/830 cm⁻¹ intensity ratio), indicating structural rearrangement through hydrophobicity variations. These structural parameters were significantly influenced by gelatin blending ratio (30-50 wt%), incubation temperature (4-37°C), and degradation pathway (alkaline vs enzymatic) (p<0.05, ANOVA).
The demonstrated spectroscopic monitoring approach provides a novel strategy for achieving spatiotemporal control of scaffold degradation in tissue regeneration applications.


