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Characterization and in vitro evaluation of melanin nanoparticles as an oral drug delivery system:
Studies using Caco-2 cell model and molecular dynamics simulations

This study investigated the potential use of melanin nanoparticles (MNPs) as an oral drug delivery
system, evaluating the toxicity and cellular uptake of MNPs via the intestinal barrier using the Caco-2 cell
model. The results demonstrated that MNPs synthesized from dopamine HCl are suitable as nanocarriers,
presenting as monodisperse particles at mean size less than 300 nm. MNPs at sizes of 89, 156, and 268 nm
showed high biocompatibility with Caco-2 cells, with no significant changes in cell viability, mitochondrial
membrane potential, and inflammatory cytokine release. The cellular internalization of MNPs into Caco-2
cells was observed, indicating MNPs as a promising carrier for drug delivery via the intestinal
barrier. Doxorubicin (DOX) was loaded into MNPs, and the DOX-loaded MNPs possessed a pH-dependent
drug release profile, with greater drug release under acidic conditions. Molecular dynamics simulations
supported the experimental findings, suggesting weaker binding affinity between the polydopamine of MNPs

and DOX molecules under acidic conditions, leading to enhanced drug release.
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