Cynara and Bergamot Formulations Modulate Mitochondrial ROS Across Human Tumor Cell Lines
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Introduction. Cancer cells maintain high oxidative stress and rely on mitochondrial antioxidant systems for survival. Natural compounds such as Cynara cardunculus and Bergamot derivatives are emerging as nutraceutical modulators capable of altering mitochondrial redox balance. The impact of micronization and combination strategies on mitochondrial ROS and cell viability across tumor histotypes remains underexplored.

Aims. To evaluate the redox-modulating and cytotoxic effects of Cynara and Bergamot-based formulations on human tumor cell lines, focusing on mitochondrial ROS dynamics and formulation-dependent effects.

Methods. Human tumor cell lines (CaCo-2, HepG2, SH-SY5Y, U3, Calu-3, H16) were exposed to increasing concentrations (0–200 μg/mL) of Cynara extract, Bergamot derivatives, and their micronized combination. Cell viability was measured by MTT assay. Intracellular and mitochondrial ROS levels were quantified using DCFH-DA and MitoSOX Red fluorescence. DNA fragmentation was assessed via TUNEL assay.

Results. Formulations induced dose- and time-dependent mitochondrial ROS accumulation in a formulation- and histotype-dependent manner. Micronized Cynara and Bergamot combinations enhanced mitochondrial ROS modulation and affected cell viability, demonstrating mechanistic effects on mitochondrial pathways. Cellular responses varied across tumor types, highlighting the importance of formulation optimization.

Discussion. Cynara and Bergamot formulations modulate mitochondrial redox homeostasis in human tumor cells. Micronization and combination strategies enhance ROS modulation and cytotoxic potential, providing mechanistic support for further development of nutraceutical-based adjuncts. Future preclinical studies are warranted to explore translational applicability.

