Nanoparticle Drug Delivery Systems of Thymoquinone Enhance its Anticancer Activity and Delivery to Breast Cancer Cells
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Abstract 

Thymoquinone (TQ), the main bioactive constituent of Nigella sativa, has gained considerable attention in cancer therapy over the last decade. We have shown that TQ has a safe profile and a remarkable anticancer potential against a wide range of cancer types. Recent data from our lab demonstrated that TQ effectively targeted chemoresistant cancer stem cells known to be associated with treatment failure and cancer relapse. TQ was also able to radiosensitize cancer stem cells enriched from patient-derived organoids. Despite being an attractive therapeutic agent, TQ has not yet reached the clinical setting for cancer treatment due to its hydrophobic structure and poor bioavailability. For this reason, we developed nanotechnology-based drug delivery systems for TQ and prepared polymeric and cubosomal nanoparticles for the encapsulation and delivery of TQ. We also assessed the anticancer activity of these nanoparticle preparations against several breast cancer cells. Encapsulating TQ in both nanocarriers enhanced its effect as evidenced by a greater decrease in cell viability compared to free TQ. Interestingly TQ nanoparticles were not toxic to non-tumorigenic breast cell lines. In addition, these nanoparticles allowed the visualization and tracking of TQ in formulation; TQ nanoparticles were found to enter the cell and reach the nucleus to exert their biological activity. Both drug delivery platforms were taken up into the cells by clathrin and caveolin-mediated endocytosis. In summary, our data shows that TQ loaded nanoparticles are potential candidates for cancer treatment that should be evaluated in vivo prior to their future translation to the clinic.
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