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Introduction. Since Sept. 2024, xanomeline, a muscarinic M4 receptor (mAChR) agonist, has emerged as a first-in-class treatment for schizophrenia1,2. However, xanomeline’s therapeutic utility is limited by significant peripheral off-target effects, primarily due to activation of M2/M3 mAChRs. Currently, these side effects are mitigated by co-formulating xanomeline with trospium, a peripherally restricted non-selective mAChR antagonist, which dampens gastrointestinal adverse effects. Here, we propose an alternative co-formulation strategy involving xanomeline and a highly selective M4 positive allosteric modulator (PAM)3,4. We hypothesize that low-dose xanomeline alone would elicit minimal activation of both central (M4) and peripheral (M2/M3) mAChRs. However, in the presence of a M4 PAM, xanomeline’s efficacy would be selectively amplified at central M4 mAChRs, without potentiating activity at peripheral M2/M3 mAChRs. This highly targeted “single target-dual therapy” offers a more refined pharmacological approach, preserving the antipsychotic efficacy of xanomeline while circumventing peripheral side effects altogether.

Aims.  To validate our proof-of-concept “single target-dual therapy” strategy through a broad range of methodologies.
Methods. We performed cell-based in vitro pharmacology, cryo Electron Microscopy (cryo-EM) structural determination, and utilised several in vivo models (incl. locomotor activity (LMA) and prepulse inhibition (PPI)).
Results. The cryo-EM structure of the M4 mAChR bound to xanomeline and novel M4 PAMs demonstrates co-binding of the two drugs. In all in vitro signalling pathways investigated, M4 PAMs significantly enhance xanomeline agonist properties at both human and mouse M4 mAChRs. In our in vivo models, we confirmed that M4 PAMs can “boost” xanomeline’s antipsychotic activity (LMA) and reversal of impaired gating mechanisms (PPI) in a synergistic manner, and that side effects remained minimal when only M4 mAChR is engaged.
Conclusion. We demonstrated that co-administration of an M4 mAChR preferring agonist and an M4 PAM has the potential to become the next best-in-class antipsychotic medications for the treatment of schizophrenia.
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