







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Medicine]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature medicine

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 06 April 2015



                    Metformin activates a duodenal Ampk–dependent pathway to lower hepatic glucose production in rats

                    	Frank A Duca1, 
	Clémence D Côté1,2, 
	Brittany A Rasmussen1,2, 
	Melika Zadeh-Tahmasebi1,2, 
	Guy A Rutter4, 
	Beatrice M Filippi1 & 
	…
	Tony K T Lam1,2,3,5 

Show authors

                    

                    
                        
    Nature Medicine

                        volume 21, pages 506–511 (2015)Cite this article
                    

                    
        
            	
                        17k Accesses

                    
	
                        278 Citations

                    
	
                            55 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Diabetes


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    A Corrigendum to this article was published on 04 February 2016

                
            
        

    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
Metformin is a first-line therapeutic option for the treatment of type 2 diabetes, even though its underlying mechanisms of action are relatively unclear1,2,3,4,5,6. Metformin lowers blood glucose levels by inhibiting hepatic glucose production (HGP), an effect originally postulated to be due to a hepatic AMP-activated protein kinase (AMPK)-dependent mechanism5,6. However, studies have questioned the contribution of hepatic AMPK to the effects of metformin on lowering hyperglycemia1,3,4, and a gut–brain–liver axis that mediates intestinal nutrient- and hormone-induced lowering of HGP has been identified7. Thus, it is possible that metformin affects HGP through this inter-organ crosstalk. Here we show that intraduodenal infusion of metformin for 50 min activated duodenal mucosal Ampk and lowered HGP in a rat 3 d high fat diet (HFD)-induced model of insulin resistance. Inhibition of duodenal Ampk negated the HGP-lowering effect of intraduodenal metformin, and both duodenal glucagon-like peptide-1 receptor (Glp-1r)–protein kinase A (Pka) signaling and a neuronal-mediated gut–brain–liver pathway were required for metformin to lower HGP. Preabsorptive metformin also lowered HGP in rat models of 28 d HFD–induced obesity and insulin resistance and nicotinamide (NA)–streptozotocin (STZ)–HFD-induced type 2 diabetes. In an unclamped setting, inhibition of duodenal Ampk reduced the glucose-lowering effects of a bolus metformin treatment in rat models of diabetes. These findings show that, in rat models of both obesity and diabetes, metformin activates a previously unappreciated duodenal Ampk–dependent pathway to lower HGP and plasma glucose levels.
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                    Figure 1: Intraduodenal metformin infusion activates duodenal Ampk and lowers HGP in the preabsorptive state.[image: ]


Figure 2: A duodenal AMPK–GLP-1R–PKA signaling pathway is required for metformin to lower HGP.[image: ]


Figure 3: A gut–brain–liver neuronal axis is required for the HGP-lowering effect of metformin.[image: ]


Figure 4: Intraduodenal infusion of metformin lowers HGP in obese and diabetic rats, and the overall acute glucose-lowering effect of a bolus intragastric treatment of metformin is dependent on duodenal Ampk signaling.[image: ]
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