Acute and chronic responses of chemoreceptive neural circuits to caffeine exposure
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Introduction. Apnoea of prematurity (AOP) is a widespread, yet poorly understood disorder of respiratory control in preterm infants which arises in part from immature chemoreceptive respiratory neural networks, which detect CO₂ and regulate respiratory drive. AOP affects 50% of infants born between 28-31 weeks of gestation. Oral caffeine citrate is the most effective frontline pharmacotherapy for AOP however its exact neural sites of action are unknown. 
Aims. This study aimed to (1) map the brainstem distribution of adenosine A1 receptors (A1R), which are the primary molecular target of caffeine, and (2) determine whether systemic caffeine administration alters neuronal activity in the retrotrapezoid nucleus (RTN), nucleus of the solitary tract (NTS), and C1/A1 catecholaminergic neurons following acute (hours) and chronic (days) exposure. 
Methods. Adult male and female mice were randomly assigned to one of four experimental groups: acute caffeine (n=7), chronic caffeine (n=7), acute saline control (n=7), or chronic saline control (n=7). Caffeine-treated groups received intraperitoneal caffeine (20 mg/kg). Acute groups received single injections and chronic groups received daily injections for 10 days. Brainstem tissue sections were analysed using RNAscope (Adora1; mRNA for A1R) or multiplex immunohistochemistry (c-Fos and ΔFosB) to quantify mRNA and protein expression in chemoreceptor neurons. 
Results: Adora1 mRNA was expressed in 55±4% of RTN and 30±5% of NTS chemoreceptor neurons, however there was no significant difference between caffeine-treated and control groups. There was no effect of chronic caffeine on ΔFosB mRNA expression in RTN or NTS neurons, compared to saline control. 
Discussion. These findings suggest that caffeine contributes to central respiratory chemoreception particularly via the RTN, likely through acute A1R antagonism rather than long-term receptor changes. Ongoing c-Fos and ΔFosB protein analyses will further clarify the effect of caffeine on brainstem respiratory networks and may inform improved therapeutic strategies for AOP. 
