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ABSTRACT

Circadian rhythm disturbance has emerged as a major public health concern in modern society, with
shift work, irregular light exposure and physiological stress, leading to hormonal imbalance and
metabolic dysfunction. These lifestyle-associated stressors disrupt the temporal organisation of
biological processes, resulting in chronic physiological dysfunction with long-term systemic
consequences. The present study establishes and validates Danio rerio (Zebrafish), a diurnal vertebrate
with close physiological similarity to humans, as a translational model to investigate the systemic
effects of circadian misalignment. To stimulate real-world stressors without genetic or
pharmacological manipulation, zebrafish were exposed for 96 hours to three experimental paradigms
(1) continuous white light combined with red light to induce sensory and alertness-associated stress,
(i) white light with surface wave stimulation to mimic persistent mechanical stress, and (iii) white
light with predatory visual cues to induce neurosensory stress. These conditions disrupted the natural
light-dark cycle and reduced sleep duration. Melatonin levels revealed a statistically significant decline
across all experimental groups, confirming circadian disturbance behaviour. Analysis demonstrated
significant reductions. Statistically, MESOR, amplitude and acrophase alterations, along with PCA,
Cosinor, and ANOVA analyses, confirmed rhythmic and behavioural alterations. Biochemical
analyses revealed significant fluctuation in carbohydrates, proteins and lipids and respective enzyme
activities in the muscle tissue of the experimental zebrafish. Histological examinations showed
progressive neuronal degeneration, digestive organ pathology and evident cardiac endothelial
disruption. This current study examines the circadian rhythm disturbances that induced
neurobehavioural, metabolic, hormonal and histological changes, highlights its robustness and
translational relevance as a model for studying circadian rhythm and its related disorders observed in
humans.
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