Cardiorespiratory effects of fentanyl combined with α2 adrenergic receptor agonists in rats
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Introduction. Opioid use disorder remains a global public health crisis, with opioids, primarily fentanyl (FENT), accounting for the majority of the nearly 600,000 overdose deaths reported worldwide in 2019. Growing concern now centers on adulteration of opioids with α2 adrenergic receptor (α2AR) agonists such as xylazine and medetomidine (MED), veterinary anesthetics that depress cardiorespiratory function and cause sedation. Their presence in the drug supply complicates overdose management and challenges current reversal strategies. 
Aims. To characterize interactions between, and reversal of, the cardiorespiratory effects of FENT + MED.
Methods. Male and female Sprague Dawley rats (n=10; 5m, 5f) were implanted with venous catheters to allow for drug delivery, and heart rate (HR), blood oxygenation (SpO₂), and respiratory rate (RR) were monitored with a collar-based pulse oximeter. Dose–response functions were determined for FENT (0.0056–0.56 mg/kg) and MED (0.0032–0.32 mg/kg). Drug interactions were evaluated using fixed-ratio mixtures (3:1, 1:1, 1:3) based on ED85 to reduce HR, and reversal was tested with naloxone (NAL) (1 mg/kg), atipamezole (ATI) (0.1–1 mg/kg), and their combination.
Results. FENT and MED each dose-dependently reduced HR, SpO2, and RR p<0.01 for all), with the effects of FENT reversed by NAL (μ-opioid receptor antagonist; HR: p<0.01; SpO₂: p<0.0001) but not ATI (α2AR antagonist), whereas the effects of MED were reversed by ATI (HR and RR: p<0.0001) but not NAL. Mixtures of FENT and α2AR agonists exhibited largely additive interactions. Mixtures were less effectively reversed: NAL was slower and often caused rebound tachycardia/tachypnea, ATI was ineffective, and combinations of NAL+ATI improved SpO₂ recovery but also resulted in cardiovascular instability.
Discussion. Overall, this study applied rigorous quantitative approaches to define how FENT and MED interact to influence cardiorespiratory function, as well as to evaluate the extent to which these effects can be reversed by NAL and ATI. We found that FENT and MED induced changes were driven by activity at opioid and α2AR, respectively. When combined, the two drugs produced dose-dependent reductions in HR, SpO2, and RR. Considering the growing presence of α2AR in the illicit opioid supply, these results emphasize the need to develop novel countermeasures and adjunctive interventions capable of reversing complex, multi-drug overdoses safely and effectively.
