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            Abstract
We report the discovery of a new monomeric peptide that reduces body weight and diabetic complications in rodent models of obesity by acting as an agonist at three key metabolically-related peptide hormone receptors: glucagon-like peptide-1 (GLP-1), glucose-dependent insulinotropic polypeptide (GIP) and glucagon receptors. This triple agonist demonstrates supraphysiological potency and equally aligned constituent activities at each receptor, all without cross-reactivity at other related receptors. Such balanced unimolecular triple agonism proved superior to any existing dual coagonists and best-in-class monoagonists to reduce body weight, enhance glycemic control and reverse hepatic steatosis in relevant rodent models. Various loss-of-function models, including genetic knockout, pharmacological blockade and selective chemical knockout, confirmed contributions of each constituent activity in vivo. We demonstrate that these individual constituent activities harmonize to govern the overall metabolic efficacy, which predominantly results from synergistic glucagon action to increase energy expenditure, GLP-1 action to reduce caloric intake and improve glucose control, and GIP action to potentiate the incretin effect and buffer against the diabetogenic effect of inherent glucagon activity. These preclinical studies suggest that, so far, this unimolecular, polypharmaceutical strategy has potential to be the most effective pharmacological approach to reversing obesity and related metabolic disorders.
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                    Figure 1: In vivo demonstration of GLP-1, GIP and glucagon triple agonism through coadministration and unimolecular peptides.[image: ]


Figure 2: Unimolecular triagonism maximizes metabolic benefits compared with dual incretin coagonism.[image: ]


Figure 3: The metabolic and glycemic benefits of the triagonist are blunted in Glp1r−/−, Gipr−/− and Gcgr−/− mice.[image: ]


Figure 4: Addition of glucagon activity contributes thermogenic character to the triagonist.[image: ]


Figure 5: Balanced glucagon activity does not exacerbate hyperglycemia development.[image: ]


Figure 6: Fine-tuning of glucagon activity within the triagonist alters metabolic and glycemic efficacies.[image: ]
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