







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 09 April 2008



                    Upper intestinal lipids trigger a gut–brain–liver axis to regulate glucose production

                    	Penny Y. T. Wang1, 
	Liora Caspi1, 
	Carol K. L. Lam1,2, 
	Madhu Chari1,2, 
	Xiaosong Li4, 
	Peter E. Light5, 
	Roger Gutierrez-Juarez4, 
	Michelle Ang1, 
	Gary J. Schwartz4 & 
	…
	Tony K. T. Lam1,2,3 

Show authors

                    

                    
                        
    Nature

                        volume 452, pages 1012–1016 (2008)Cite this article
                    

                    
        
            	
                        5380 Accesses

                    
	
                        220 Citations

                    
	
                            16 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Energy and glucose homeostasis are regulated by food intake and liver glucose production, respectively. The upper intestine has a critical role in nutrient digestion and absorption. However, studies indicate that upper intestinal lipids inhibit food intake as well in rodents and humans by the activation of an intestine–brain axis1,2,3,4. In parallel, a brain–liver axis has recently been proposed to detect blood lipids to inhibit glucose production in rodents5. Thus, we tested the hypothesis that upper intestinal lipids activate an intestine–brain–liver neural axis to regulate glucose homeostasis. Here we demonstrate that direct administration of lipids into the upper intestine increased upper intestinal long-chain fatty acyl-coenzyme A (LCFA-CoA) levels and suppressed glucose production. Co-infusion of the acyl-CoA synthase inhibitor triacsin C or the anaesthetic tetracaine with duodenal lipids abolished the inhibition of glucose production, indicating that upper intestinal LCFA-CoAs regulate glucose production in the preabsorptive state. Subdiaphragmatic vagotomy or gut vagal deafferentation interrupts the neural connection between the gut and the brain, and blocks the ability of upper intestinal lipids to inhibit glucose production. Direct administration of the N-methyl-d-aspartate ion channel blocker MK-801 into the fourth ventricle or the nucleus of the solitary tract where gut sensory fibres terminate abolished the upper-intestinal-lipid-induced inhibition of glucose production. Finally, hepatic vagotomy negated the inhibitory effects of upper intestinal lipids on glucose production. These findings indicate that upper intestinal lipids activate an intestine–brain–liver neural axis to inhibit glucose production, and thereby reveal a previously unappreciated pathway that regulates glucose homeostasis.
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                    Figure 1: 
                        Upper intestinal lipids suppress liver glucose production.
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Figure 2: 
                        Upper intestinal lipids suppress glucose production through a neuronal network.
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Figure 3: 
                        Upper intestinal lipids suppress glucose production by activating an intestine–NTS–liver neurocircuitry.
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        Editorial Summary
Blood glucose regulation
The mere presence of lipids in the intestine is known to reduce nutrient intake in both rodents and humans by activating the intestine–brain neural axis. More recently, studies have indicated that the brain senses blood lipids directly to inhibit glucose production and maintain glucose homeostasis in rodents through a brain–liver neural axis. Now comes the first demonstration that upper intestinal lipids rapidly inhibit glucose production through an intestine–brain–liver neurocircuit. Work in rats shows that the lipids or fats which enter the small intestine trigger the afferent neuronal signal to the brain, which then sends signals to the liver to lower glucose production and blood glucose levels in as little as fifteen minutes. But eating a high-fat diet for just three days can interfere with this signal, disabling it so that it does not signal the other organs to lower blood glucose levels. This holds out the prospect that novel sites and targets may be revealed to lower glucose or blood sugar levels in those who are obese or have diabetes.
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