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Identification of the physiological and pathophysiological roles of the individual muscarinic acetylcholine receptor subtypes (mAChRs; M1-M5) has proven a challenging task, primarily due to the lack of ligands endowed with a high degree of receptor subtype selectivity and the fact that most tissues and organs express multiple mAChRs. To circumvent these difficulties, we generated mutant mouse lines ('KO' mice) in which specific mAChR genes (M1, M2, M3, or M4) had been inactivated by gene targeting techniques. The different mAChR mutant mice and their wild-type littermates were subjected to a battery of physiological, pharmacological, behavioral, biochemical, and neurochemical tests. The M2 and M4 receptor mutant mice showed several striking phenotypes, as reported previously (Gomeza et al., PNAS, 96, 1692 and 10483, 1999). M3 receptor KO mice displayed a significant decrease in food intake, associated with reduced body weight and low serum leptin and insulin levels, probably due to disruption of a hypothalamic cholinergic pathway involved in the regulation of appetite. Pharmacological analysis of M2 receptor single and M2/M4 receptor double KO mice indicated that muscarinic agonist-induced analgesic responses are mediated by both M2 and M4 receptors. Neurochemical studies showed that autoinhibition of ACh release is mediated primarily by M2 receptors in hippocampus and cerebral cortex, but predominantly by M4 receptors in the striatum. These results provide a rational basis for the development of novel muscarinic drugs.
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