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Introduction: Glycine transporter 2 (GlyT2) regulates extracellular glycine in the central nervous system and is a promising target for restoring inhibitory neurotransmission in chronic pain. 
Aims: Although GlyT2 inhibitors show analgesic efficacy in rodent neuropathic pain models, the prototypical inhibitor ORG25543 is limited by poor pharmacological properties, including extremely slow dissociation kinetics and neuromotor toxicity at therapeutic doses, recapitulating the debilitating phenotype of GlyT2 knockout (KO) mice. To address these challenges, we developed a series of second-generation inhibitors to overcome these limitations and to develop potential therapeutics for neuropathic pain. 
Results: RPI-GLYT2-82 and RPI-GLYT2-97 are selective, reversible, allosteric inhibitors of GlyT2 and produced effective analgesia in murine neuropathic pain models without inducing the side effects observed with ORG25543 or any effects on respiratory depression or addiction liability. RPI-GLYT2-97 shows promising pharmacokinetic characteristics. We have determined the cryoEM structures of GlyT2 bound to each inhibitor to facilitate optimization of inhibitors for clinical trials. 
Discussion: Collectively, these findings underscore the translational potential of reversible GlyT2 inhibitors as safer, non-opioid therapeutics for the management of neuropathic pain and provide a foundation for continued optimization of this chemotype toward clinical trial candidate selection.


