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Introduction. Natural compounds are increasingly explored for cancer treatment due to their low toxicity and fewer side effects. Spirulina platensis is rich in bioactive molecules, with Phycocyanin (Pc) showing anticancer effects by inducing cell cycle arrest at G1 or G2/M phases.
Aims. The study evaluated the anticancer potential of Pc and Pc-loaded nanoparticles (PcNP) against HT-29 colorectal cancer cells and used molecular docking to explore Pc’s interactions with cancer-specific receptors.

Methods. PcNP were prepared via encapsulation and assessed for entrapment efficiency and drug release. In vitro cytotoxicity on HT-29 cells and molecular docking with cancer targets were performed to investigate their therapeutic potential.
Results. PcNP exhibited high entrapment efficiency and sustained drug release. In vitro studies showed greater anticancer activity of PcNPs versus free Pc, likely due to better cellular uptake and absorption efficacy. Docking studies confirmed strong binding of Pc with colorectal cancer targets, supporting its therapeutic potential.
Discussion. PcNPs were prepared via eco-friendly ionotropic gelation using sodium alginate and calcium chloride. Increased alginate improved entrapment, while excess calcium chloride enlarged particle size but lowered efficiency. The “egg-box” calcium alginate matrix protected Pc in acidic conditions and allowed controlled release at intestinal pH. Drug release followed diffusion- and erosion-based kinetics. PcNPs demonstrated stronger cancer cell inhibition at lower doses and better stability than plain Pc. Docking studies showed Pc’s superior binding to cancer targets compared to Methotrexate. Overall, PcNPs enhanced Pc’s stability, bioavailability, and therapeutic effect, presenting a promising strategy for colorectal cancer treatment.
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