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Introduction. The recent FDA approval of the atypical and biased antipsychotic xanomeline (CobenfyTM) has clinically validated M1 and M4 muscarinic acetylcholine receptors (mAChRs) as therapeutic targets for neuropsychiatric disorders. Compound 110 (C-110), a novel atypical agonist, binds to the M4 receptor in a mode comparable to xanomeline and demonstrated antipsychotic efficacy with minimal side effects in preclinical schizophrenia model (Wang J, 2022, Nat Commun 13:2855). In an effort to identify additional potential biased agonists with similar profiles across diverse signalling pathways, we synthetised and evaluated four analogues of C-110: MIPS4137, MIPS4139, MIPS4140 and MIPS4254.
Aims. To characterise the bias signalling profiles of C-110 analogues at the M1 and M4 mAChRs.
Methods. We quantified the transduction ratios, Log(/KA), of all selected ligands across a range of G protein activation, GRK2 and Arrestin2 recruitment, receptor trafficking and second messenger signalling pathways.
Results. Relative to the endogenous agonist ACh and Gi1/Gq activation, MIPS4254 displayed a significant 50-fold bias towards Gs and 500-fold away from receptor internalisation (CAAX) at the M4 mAChR. At the M1 mAChR, MIPS4254 was significantly biased towards CAAX and away from pERK1/2. Additionally, MIPS 4140 showed no bias at the M4 receptor, but was biased towards GRK2 recruitment and CAAX at the M1 receptor. 
Discussion. We identified several novel biased ligands towards distinct signalling pathways which are different from xanomeline and C-110 profiles. These compounds provide valuable chemical tools to assess the role of specific signalling pathways in mediating the therapeutic effects of M1/M4 agonists in animal models of schizophrenia and may help unlock the full therapeutic potential of the muscarinic receptors.
