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            Key Points

                	
                  New techniques, such as metabolite imaging, and improved analytical technologies are making metabolomics increasingly useful for a wider range of biomedical and pharmaceutical applications.

                
	
                  Metabolomics has already entered the clinic, with applications in newborn screening. Many other metabolomic-based clinical applications and tests are now emerging.

                
	
                  Metabolomics is revealing surprising metabolic causes and metabolite biomarkers for several prominant diseases such as diabetes, Alzheimer disease, atherosclerosis and cancer. These findings are identifying previously unsuspected therapeutic targets and novel potential therapeutic strategies.

                
	
                  Metabolomics is reducing the cost of toxicological screening, enabling improved clinical trial design, allowing better patient selection and monitoring and shortening the time needed for drugs to move through the development pipeline.

                
	
                  Metabolomics is beginning to play a part in precision medicine through the development of personalized phenotyping and individualized drug-response monitoring.

                
	
                  The use of metabolomics to phenotype tumours and to design custom cancer therapies represents the most 'cutting-edge' example of metabolomics enabling precision medicine.

                


              

Abstract
Metabolomics is an emerging 'omics' science involving the comprehensive characterization of metabolites and metabolism in biological systems. Recent advances in metabolomics technologies are leading to a growing number of mainstream biomedical applications. In particular, metabolomics is increasingly being used to diagnose disease, understand disease mechanisms, identify novel drug targets, customize drug treatments and monitor therapeutic outcomes. This Review discusses some of the latest technological advances in metabolomics, focusing on the application of metabolomics towards uncovering the underlying causes of complex diseases (such as atherosclerosis, cancer and diabetes), the growing role of metabolomics in drug discovery and its potential effect on precision medicine.
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                    Figure 1: Metabolites play a central part in disease development.[image: ]


Figure 2: A decision tree for metabolite-based drug discovery and development using atherosclerosis as an example.[image: ]
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Glossary
	Metabolic phenotyping
	
                  The characterization of a cell, organism or biological system using metabolomics or metabolic profiling. Metabolic phenotyping is a method of describing the phenotype using chemical or metabolite readouts as a proxy for an organism's observable biochemical traits.

                
	Endogenous metabolites
	
                  Metabolites that are biosynthesized or potentially biosynthesized by the host organism and/or its endogenous microflora. Endogenous metabolites also include xenobiotics that have been metabolically transformed by the host.

                
	Exogenous metabolites
	
                  Xenobiotic metabolites or chemicals that the host (and/or its endogenous microflora) is not capable of biosynthesizing or that have not yet been metabolically transformed.

                
	Exposomics
	
                  A branch of omics science that involves the study of the complete collection of environmental exposures (chemicals, foods, pollutants and pathogens) that a human is exposed to from conception onwards, which is referred to as the exposome.

                
	Coulometric array detectors
	
                  Multi-array electrochemical detection systems for detecting redox-active compounds as they elute from a high performance liquid chromatography (HPLC) column. Chemicals or metabolites react with specific electrodes in the detector depending on their redox potential.

                
	Inductively coupled plasma mass spectrometers
	
                  Mass spectrometers that are specifically designed to detect and quantify metals at very low concentrations. Metal ions are ionized by inductive heating to create an electrically conductive plasma that is then sent to a conventional mass spectrometer for detection.

                
	Evaporative light-scattering detectors
	
                  (ELSDs). Instruments that detect compounds eluting from a high-performance liquid chromatography (HPLC) system on the basis of light scattering rather than ultraviolet absorption or fluorescence. ELSDs permit the detection of far more compounds than other optical techniques.

                
	Secondary ion MS
	
                  (SIMS). A mass spectrometry (MS) technique that can be used to analyse and image the composition of thin films. Ions (that is, secondary ions) are generated by sputtering the surface of the sample with an intense ion beam.

                
	Desorption electrospray ionization MS
	
                  (DESI-MS). A mass spectrometry technique (MS) that uses atmospheric pressure ion sources to ionize samples in open air under ambient conditions. It is a combination of both electrospray and desorption ionization techniques wherein ionization occurs by spraying an electrically charged mist onto the sample surface.

                
	Microbiome
	
                  The collection of microorganisms that reside in or on a larger organism, a larger organ or within a specific environmental niche.

                
	Epigenome
	
                  The collection of chemical compounds that act on DNA as well as the collection of chemical modifications to DNA (and histones) that direct and/or alter the original instructions in the genome.

                
	Atherotoxin
	
                  An agent (specifically, a chemical, protein or pathogen) that damages arteries leading to atherosclerosis or cardiovascular disease.

                
	Glutaminolysis
	
                  A metabolic process involving the catabolism of glutamine to generate energy as well as nitrogen and carbon byproducts. It is an important energy pathway for tumour cells.

                
	Mammalian target of rapamycin
	
                  (mTOR). A serine/threonine kinase that acts as a master controller of cell metabolism, cell growth, cell proliferation, cell survival and protein synthesis.

                
	Chemometrics
	
                  A field of information science that extracts useful information from chemical data using statistical or data-driven techniques.

                
	Microbiomics
	
                  A branch of omics science that involves the study of the microbiome.

                
	Pharmacometabolomics
	
                  A branch of metabolomics that involves the metabolomic analysis of both pharmaceutical compounds and endogenous metabolites after the administration of a pharmaceutical compound.

                
	Intronic SNP
	
                  A single nucleotide polymorphism (SNP) found in an intron or a non-coding region of a gene.

                
	Metabotypes
	
                  The metabolic equivalent of phenotypes. A metabotype is a metabolic profile that defines or classifies an individual's biochemical state at a given point in time.

                



Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Wishart, D. Emerging applications of metabolomics in drug discovery and precision medicine.
                    Nat Rev Drug Discov 15, 473â€“484 (2016). https://doi.org/10.1038/nrd.2016.32
Download citation
	Published: 11 March 2016

	Issue Date: July 2016

	DOI: https://doi.org/10.1038/nrd.2016.32


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Multi-omics analysis of fecal samples in colorectal cancer Egyptians patients: a pilot study
                                    
                                

                            
                                
                                    	Randa H. Khattab
	Rana H. Abo-Hammam
	Samira Zakeer


                                
                                BMC Microbiology (2023)

                            
	
                            
                                
                                    
                                        G-Aligner: a graph-based feature alignment method for untargeted LCâ€“MS-based metabolomics
                                    
                                

                            
                                
                                    	Ruimin Wang
	Miaoshan Lu
	Changbin Yu


                                
                                BMC Bioinformatics (2023)

                            
	
                            
                                
                                    
                                        UmetaFlow: an untargeted metabolomics workflow for high-throughput data processing and analysis
                                    
                                

                            
                                
                                    	Eftychia E. Kontou
	Axel Walter
	Tilmann Weber


                                
                                Journal of Cheminformatics (2023)

                            
	
                            
                                
                                    
                                        A feedback loop of PPP and PI3K/AKT signal pathway drives regorafenib-resistance in HCC
                                    
                                

                            
                                
                                    	Huihua Yang
	Dahong Chen
	Qin Li


                                
                                Cancer & Metabolism (2023)

                            
	
                            
                                
                                    
                                        Untargeted metabolomics of the intestinal tract of DEV-infected ducks
                                    
                                

                            
                                
                                    	Haiqing Cai
	Xia Yang
	Deyuan Ou


                                
                                Virology Journal (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Drug Discovery (Nat Rev Drug Discov)
                
                
    
    
        ISSN 1474-1784 (online)
    
    


                
    
    
        ISSN 1474-1776 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing: Cancer]
                    Sign up for the Nature Briefing: Cancer newsletter â€” what matters in cancer research, free to your inbox weekly.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get what matters in cancer research, free to your inbox weekly.
            Sign up for Nature Briefing: Cancer
            
        


    









    [image: ]







[image: ]
