Prevention and reversal of the effects of buprenorphine and carfentanil in rats
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Introduction. Buprenorphine is used to treat opioid use disorder (OUD) and, having limited efficacy at mu opioid receptors (MOR), typically has reduced adverse effects (e.g., respiratory depression) compared with higher efficacy MOR agonists (e.g., fentanyl). However, clinical and pre-clinical data indicate that the effects of buprenorphine are more difficult to reverse with opioid receptor antagonists, compared with reversing the effects of other MOR agonists. Carfentanil is an ultra-potent, high-efficacy fentanyl analog that has entered the illicit drug market.
Aims. This study compared the opioid receptor antagonists naloxone, naltrexone, nalmefene, and methocinnamox (MCAM) for their ability to prevent and reverse the discriminative stimulus effects of buprenorphine and carfentanil in male and female Sprague-Dawley rats trained to discriminate fentanyl. 
Methods. Rats were trained to discriminate between saline and 3.2 µg/kg fentanyl (i.p.) while responding under fixed-ratio 10 schedule of food presentation. Dose-response functions were determined for fentanyl, buprenorphine, and carfentanil. The four antagonists were assessed for their ability to prevent and reverse the discriminative stimulus effects of buprenorphine and carfentanil.
Results. Buprenorphine and carfentanil increased responding on the fentanyl-associated lever in a dose-related manner. The same doses of each antagonist prevented the discriminative stimulus effects of buprenorphine and carfentanil, shifting agonist dose-response functions rightward in a dose-related manner. While each antagonist also reversed the discriminative stimulus effects of buprenorphine and carfentanil, there were significant differences in potency. Naloxone, naltrexone, and nalmefene were ~30- and ~90-fold less potent at reversing compared with preventing the effects of carfentanil and buprenorphine, respectively. In contrast, MCAM was equipotent at preventing and reversing the effects of buprenorphine and carfentanil. There were no apparent sex differences. 
Discussion. The significantly greater potency of MCAM to reverse the effects of MOR agonists, compared with the markedly reduced potency of naloxone, naltrexone, and nalmefene to reverse the effects of buprenorphine, suggests that MCAM might be particularly effective for rescuing opioid overdose victims including those who have taken buprenorphine (as a medication for OUD or illicitly) and/or an ultra-potent fentanyl analog.
