Timing matters: how daily rhythms affect neuroprotection strategy for stroke
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Introduction. Despite decades of promising preclinical findings, most neuroprotective strategies have failed in clinical stroke trials. Remote limb ischemic postconditioning (RLIP), a non-invasive intervention involving brief occlusion of a limb artery after cerebral ischemia, has demonstrated efficacy in reducing infarct size in animal models. However, its clinical translation remains limited. One potential reason for this failure may be the circadian mismatch between preclinical studies—typically conducted in nocturnal rodents—and clinical trials involving diurnal humans.
Aims. We asked whether opposite circadian cycles in nocturnal rodents versus diurnal humans may be a potential reason for translational difficulties. 
Methods. Male C57BL/6J mice underwent transient focal cerebral ischemia and received RLIP during either their active or inactive phase. Infarct volumes were measured by TTC staining; behaviour was assessed by modified Neurological Severity Score, foot-fault, and adhesive removal tests. Striatal protein levels of PER2 and nNOS were analysed by Western blot at 24 h and 3 d. The nNOS inhibitor 7-nitroindazole was administered intracerebroventricularly during the inactive phase to test PER2 regulation.

Results. RLIP reduced infarct volumes and improved behavioural outcomes in mice when strokes occurred during the inactive phase (ZT 1–5) but had no effect during the active phase (ZT 13–17) 24 hours and 3 days post-ischemia. During the inactive phase, RLIP reduced PER2 expression and increased nNOS levels, changes not observed during the active phase. Treatment with the nNOS inhibitor abolished the difference in PER2 expression between the transient middle cerebral artery occlusion and remote limb ischemic postconditioning groups during the inactive phase.

Discussion. Circadian timing critically influences RLIP efficacy, with protection confined to the rodent inactive phase. This effect likely involves nNOS-dependent PER2 regulation. Accounting for circadian biology may improve translation of RLIP and other neuroprotective strategies from animal models to human stroke.
