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Abstract


In natural product research, the isolation of biomarkers or bioactive compounds from complex natural extracts represents an essential step for de novo identification and bioactivity assessment. When pure natural products have to be obtained in milligram quantities, the chromatographic steps are generally labourious and time-consuming. In this respect, an efficient method has been developed for the reversed-phase gradient transfer from high-performance liquid chromatography to medium-performance liquid chromatography for the isolation of pure natural products at the level of tens of milligrams from complex crude natural extracts. The proposed method provides a rational way to predict retention behaviour and resolution at the analytical scale prior to medium-performance liquid chromatography, and guarantees similar performances at both analytical and preparative scales. The optimisation of the high-performance liquid chromatography separation and system characterisation allows for the prediction of the gradient at the medium-performance liquid chromatography scale by using identical stationary phase chemistries. The samples were introduced in medium-performance liquid chromatography using a pressure-resistant aluminium dry load cell especially designed for this study to allow high sample loading while maintaining a maximum achievable flow rate for the separation. The method has been validated with a mixture of eight natural product standards. Ultraviolet and evaporative light scattering detections were used in parallel for a comprehensive monitoring. In addition, post-chromatographic mass spectrometry detection was provided by high-throughput ultrahigh-performance liquid chromatography time-of-flight mass spectrometry analyses of all fractions. The processing of all liquid chromatography-mass spectrometry data in the form of an medium-performance liquid chromatography x ultra high-performance liquid chromatography time-of-flight mass spectrometry matrix enabled an efficient localisation of the compounds of interest in the generated fractions. The methodology was successfully applied for the separation of three different plant extracts that contain many diverse secondary metabolites. The advantages and limitations of this approach and the theoretical chromatographic background that rules such as liquid chromatography gradient transfer are presented from a practical viewpoint.







[bookmark: N1101F]
Key words

natural products - 
plant extracts - 
HPLC-UV-ELSD - 
MPLC-UV-ELSD - 
UHPLC-TOF-MS - 
gradient transfer - 
isolation





[bookmark: N114BF]
Supporting Information


	
Supporting Information











 

[bookmark: ]

[bookmark: N114D5]
	
References


	
[bookmark: RY1191-1]1 Hostettmann K, Marston A, Hostettmann M. Preparative chromatography techniques: applications in natural product isolation. 2nd. edition. Berlin, New York: Springer; 1998 





CrossrefGoogle Scholar





	
[bookmark: RY1191-2]2 Wolfender JL, Queiroz EF. New approaches for studying the chemical diversity of natural resources and the bioactivity of their constituents. Chimia 2012; 66: 324-329 





CrossrefPubMedGoogle Scholar





	
[bookmark: RY1191-3]3 Wolfender JL, Queiroz EF, Hostettmann K. Phytochemistry in the microgram domain – a LC-NMR perspective. Magn Reson Chem 2005; 43: 697-709 





CrossrefPubMedGoogle Scholar





	
[bookmark: RY1191-4]4 Zanolari B, Guilet D, Marston A, Queiroz EF, Paulo Mde Q., Hostettmann K. Tropane alkaloids from the bark of Erythroxylum vacciniifolium
. J Nat Prod 2003; 66: 497-502 





CrossrefPubMedGoogle Scholar





	
[bookmark: RY1191-5]5 Chaaib F, Queiroz EF, Ndjoko K, Diallo D, Hostettmann K. Antifungal and antioxidant compounds from the root bark of Fagara zanthoxyloides
. Planta Med 2003; 69: 316-320 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: RY1191-6]6 Queiroz EF, Atindehou KK, Terreaux C, Antus S, Hostettmann K. Prenylated isoflavonoids from the root bark of Erythrina vogelii
. J Nat Prod 2002; 65: 403-406 





CrossrefPubMedGoogle Scholar





	
[bookmark: RY1191-7]7 Wennberg T, Rauha JP, Vuorela H. Computer assisted scale up from analytical HPLC to preparative MPLC for the separation of phenolic compounds. Chromatographia 2001; 53 (Issue 1 Suppl.) S240-S245 





CrossrefPubMedGoogle Scholar





	
[bookmark: RY1191-8]8 Guillarme D, Nguyen DTT, Rudaz S, Veuthey JL. Method transfer for fast liquid chromatography in pharmaceutical analysis: application to short columns packed with small particle. Part I: isocratic separation. Eur J Pharm Biopharm 2007; 66: 475-482 





CrossrefPubMedGoogle Scholar





	
[bookmark: RY1191-9]9 Dolan JW. Gradient transfer does not have to be problematic. LC GC North Am 2006; 25: 458-466 





PubMedGoogle Scholar





	
[bookmark: RY1191-10]10 Dolan JW, Snyder LR. Maintaining fixed band spacing when changing column dimensions in gradient elution. J Chromatogr A 1998; 799: 21-34 





CrossrefPubMedGoogle Scholar





	
[bookmark: RY1191-11]11 Schellinger AP, Car PW. A practical approach to transfering linear gradient elution methods. J Chromatogr A 2005; 1077: 110-119 





CrossrefPubMedGoogle Scholar





	
[bookmark: RY1191-12]12 Guillarme D, Nguyen DTT, Rudaz S, Veuthey JL. Method transfer for fast liquid chromatography in pharmaceutical analysis: application to short columns packed with small particle. Part II: gradient experiments. Eur J Pharm Biopharm 2008; 68: 430-440 





CrossrefPubMedGoogle Scholar





	
[bookmark: RY1191-13]13 Paramashivappa R, Kumar PP, Vithayathil PJ, Rao AS. Novel method for isolation of major phenolic constituents from cashew (Anacardium occidentale L.) nut shell liquid. J Agric Food Chem 2001; 49: 2548-2551 





CrossrefPubMedGoogle Scholar





	
[bookmark: RY1191-14]14 Favre-Godal Q, Dorsaz S, Queiroz EF, Conan C, Marcourt L, Wardojo BPE, Voinesco F, Buchwalder A, Gindro K, Sanglard D, Wolfender JL. Comprehensive approach for the detection of antifungal compounds using a susceptible strain of Candida albicans and confirmation of in vivo activity with the Galleria mellonella model. Phytochemistry 2014; 105: 68-78 





CrossrefPubMedGoogle Scholar





	
[bookmark: RY1191-15]15 Shu W, Wu C, Zhang Y, Ye WC, Zhou G. Two new steroidal glycosides isolated from the aerial part of Solanum torvum Swartz. Nat Prod Res 2013; 27: 1982-1986 





CrossrefPubMedGoogle Scholar





	
[bookmark: RY1191-16]16 Lu YY, Luo JG, Huang XF, Kong LY. Four new steroidal glycosides from Solanum torvum and their cytotoxic activities. Steroids 2009; 74: 95-101 





CrossrefPubMedGoogle Scholar










 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 3.82.145.95
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  