







    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: 25 April 2012



                    Infection regulates pro-resolving mediators that lower antibiotic requirements

                    	Nan Chiang1, 
	Gabrielle Fredman1, 
	Fredrik Bäckhed2, 
	Sungwhan F. Oh1, 
	Thad Vickery1, 
	Birgitta A. Schmidt1 & 
	…
	Charles N. Serhan1 

Show authors

                    

                    
                        
    Nature

                        volume 484, pages 524–528 (2012)Cite this article
                    

                    
        
            	
                        7368 Accesses

                    
	
                        503 Citations

                    
	
                            37 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Antibiotics
	Bacterial infection
	Metabolomics
	Therapeutics


    


                
    
    

    
    

                
            


        
            Abstract
Underlying mechanisms for how bacterial infections contribute to active resolution of acute inflammation are unknown1,2,3,4. Here, we performed exudate leukocyte trafficking and mediator-metabololipidomics of murine peritoneal Escherichia coli infections with temporal identification of pro-inflammatory (prostaglandins and leukotrienes) and specialized pro-resolving mediators (SPMs). In self-resolving E. coli exudates (105 colony forming units, c.f.u.), the dominant SPMs identified were resolvin (Rv) D5 and protectin D1 (PD1), which at 12 h were at significantly greater levels than in exudates from higher titre E. coli (107 c.f.u.)-challenged mice. Germ-free mice had endogenous RvD1 and PD1 levels higher than in conventional mice. RvD1 and RvD5 (nanograms per mouse) each reduced bacterial titres in blood and exudates, E. coli-induced hypothermia and increased survival, demonstrating the first actions of RvD5. With human polymorphonuclear neutrophils and macrophages, RvD1, RvD5 and PD1 each directly enhanced phagocytosis of E. coli, and RvD5 counter-regulated a panel of pro-inflammatory genes, including NF-κB and TNF-α. RvD5 activated the RvD1 receptor, GPR32, to enhance phagocytosis. With self-limited E. coli infections, RvD1 and the antibiotic ciprofloxacin accelerated resolution, each shortening resolution intervals (Ri). Host-directed RvD1 actions enhanced ciprofloxacin’s therapeutic actions. In 107 c.f.u. E. coli infections, SPMs (RvD1, RvD5, PD1) together with ciprofloxacin also heightened host antimicrobial responses. In skin infections, SPMs enhanced vancomycin clearance of Staphylococcus aureus. These results demonstrate that specific SPMs are temporally and differentially regulated during infections and that they are anti-phlogistic, enhance containment and lower antibiotic requirements for bacterial clearance.
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                    Figure 1: Profiling of SPMs in E. coli infections.
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Figure 2: RvD1 and RvD5 protect mice during infection by enhancing bacterial killing and preventing hypothermia.
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Figure 3: SPMs enhance human macrophage phagocytosis of  E. coli. [image: ]


Figure 4: SPMs and antibiotics accelerate resolution and enhance bacterial killing.
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        Editorial Summary
Helper molecules for antibiotics
Bacterial infections can result in the generation of infection-resolving anti-inflammatory lipid derivatives. This paper reports the use of a murine Escherichia coli peritonitis model relevant to human infections to identify specialized host-produced pro-resolving mediators (SPMs) termed resolvin D5 and protectin D1, which may be directly involved in resolving infections. The administration of these two mediators improves infection-related signs, increases clearance of infection-causing bacteria and increases survival. When administered with antibiotics, resolvin D5 and protectin D1 acted together to further reduce the duration and severity of infection. The SPMs also enhanced antibiotic clearance of Staphylococcus aureus murine skin infections. The spread of antibiotic resistance is a major concern, so the prospect that therapeutic use of host-derived molecules might help to limit antibiotic dose rates is of potential clinical importance.
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