







    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 Protocols]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature protocols

	protocols

	
                                    article


    
        
        
            
            
                
                    	Protocol
	Published: 25 October 2007



                    Metabolic profiling, metabolomic and metabonomic procedures for NMR spectroscopy of urine, plasma, serum and tissue extracts

                    	Olaf Beckonert1, 
	Hector C Keun1, 
	Timothy M D Ebbels1, 
	Jacob Bundy1, 
	Elaine Holmes1, 
	John C Lindon1 & 
	â€¦
	Jeremy K Nicholson1Â 

Show authors

                    

                    
                        
    Nature Protocols

                        volumeÂ 2,Â pages 2692â€“2703 (2007)Cite this article
                    

                    
        
            	
                        17k Accesses

                    
	
                        1596 Citations

                    
	
                            16 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Metabolic profiling, metabolomic and metabonomic studies mainly involve the multicomponent analysis of biological fluids, tissue and cell extracts using NMR spectroscopy and/or mass spectrometry (MS). We summarize the main NMR spectroscopic applications in modern metabolic research, and provide detailed protocols for biofluid (urine, serum/plasma) and tissue sample collection and preparation, including the extraction of polar and lipophilic metabolites from tissues. 1H NMR spectroscopic techniques such as standard 1D spectroscopy, relaxation-edited, diffusion-edited and 2D J-resolved pulse sequences are widely used at the analysis stage to monitor different groups of metabolites and are described here. They are often followed by more detailed statistical analysis or additional 2D NMR analysis for biomarker discovery. The standard acquisition time per sample is 4â€“5 min for a simple 1D spectrum, and both preparation and analysis can be automated to allow application to high-throughput screening for clinical diagnostic and toxicological studies, as well as molecular phenotyping and functional genomics.
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                    Figure 1: 600 MHz 1H NMR spectrum of control rat urine, displaying hundreds of resolved peaks.[image: ]


Figure 2: 600 MHz 1H NMR spectrum of blood serum sample.[image: ]


Figure 3: Example of edited spectra of a plasma sample [all were acquired with solvent (water) suppression].[image: ]


Figure 4: Mean score trajectories of principal component analysis of urinary NMR spectral data for each dose group (control, low-dose, high-dose) showing progression of metabolic effects of hydrazine treatment.[image: ]


Figure 5: Score (t) scatter plots for PC1 versus PC2 from a principal component analysis model using the data acquired at two different sites using the same protocols for the analysis of split aliquots in a study on hydrazine toxicity (triangles and circles represent the two different datasets, respectively).[image: ]


Figure 6: Metabonomics identifies different responses from the urine profiles of animals treated with different toxins.[image: ]
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