SHORT ABSTRACT (TOC)
Dietary exposure to zinc oxide nanoparticles (ZnO NPs) increased labile zinc levels in Tribolium castaneum, triggering an oxidative cascade and subsequent alterations in metabolic, digestive, and neurochemical biomarkers. Integrated analyses revealed a concentration-dependent divergence and transient reorganization of the biochemical network, indicating that ZnO NPs induce systemic physiological responses in a terrestrial non-target insect.
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