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Abstract

        
The isolation of a compound from a natural source involves many organic and mostly toxic solvents for extraction and purification. Natural deep eutectic solvents have been shown to be
					efficient options for the extraction of natural products. They have the advantage of being composed of abundantly available common primary metabolites, being nontoxic and environmentally
					safe solvents. The aim of this study was to develop a natural deep eutectic solvent-based extraction method for galanthamine, an important therapeutic agent for the treatment of Alzheimerʼs
					disease. This alkaloid can be produced by synthesis or by extraction from Narcissus bulbs. To develop an efficient extraction method, a number of different natural deep eutectic
					solvents was first tested for their solubilization capacity of galanthamine bromide salt. Promising results were obtained for ionic liquids, as well as some amphoteric and acidic natural
					deep eutectic solvents. In a two-cycle extraction process, the best solvents were tested for the extraction of galanthamine from bulbs. The ionic liquids produced poor yields, and the best
					results were obtained with some acid and sugar mixtures, among which malic acid-sucrose-water (1 : 1 : 5) proved to be the best, showing similar yields to that of the exhaustive Soxhlet
					extraction with methanol. Furthermore, the natural deep eutectic solvent was more selective for galanthamine.

      


        
[bookmark: N1101A]
Key words

        alkaloids - 
        extraction - 
        eutectic - 
        NADES - 
        
          Narcissus pseudonarcissus
         - 
        Amaryllidaceae - 
        pressurized extraction - 
        galanthamine
      

[bookmark: FN1084-1]
        

# Dedicated to Professor Dr. A. Douglas Kinghorn on the occasion of his 75th birthday.

      






[bookmark: info]
Publication History

Received: 05 December 2021


Accepted after revision: 12 March 2022


Accepted Manuscript online:
18 March 2022


Article published online:
25 April 2022



© 2022. Thieme. All rights reserved.

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany




 

[bookmark: ]

[bookmark: N12419]
	
References


	
[bookmark: RF1084-1]1 
          
            Heinrich M, 
          
          
            Teoh HL. 
          
        Galanthamine from snowdrop – the development of a modern drug against Alzheimerʼs disease from local Caucasian knowledge. J Ethnopharmacol 2004; 92: 147-162 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-2]2 
          
            Kreh M. 
          
        Studies on Galanthamine Extraction from Narcissus and other Amaryllidaceae. In: 
              
                Hanks GR. 
              
              ed. 
            
            Narcissus and Daffodil: The genus Narcissus
          . London, New York: Taylor & Francis; 2002: 256-272 





Google Scholar





	
[bookmark: RF1084-3]3 
          
            Sramek JJ, 
          
          
            Frackiewicz EJ, 
          
          
            Cutler NR. 
          
        Review of the acetylcholinesterase inhibitor galanthamine. Expert Opin Invest Drugs 2000; 9: 2393-2402 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-4]4 
          
            Kreh M, 
          
          
            Matusch R. 
          
        
          O-Methyloduline and N-demethylmasonine, alkaloids from Narcissus pseudonarcissus
        . Phytochemistry 1995; 38: 1533-1535 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-5]5 
          
            Kreh M, 
          
          
            Matusch R, 
          
          
            Witte L. 
          
        Acetylated alkaloids from Narcissus pseudonarcissus
        . Phytochemistry 1995; 40: 1303-1306 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-6]6 
          
            Verpoorte R, 
          
          
            Baerheim Svendsen A. 
          
        Chromatography of Alkaloids, Part II: Gas-Liquid Chromatography and High-Performance Liquid Chromatography. Journal of Chromatography Library, Vol. 23B. Amsterdam: Elsevier; 1984: 467 





Google Scholar





	
[bookmark: RF1084-7]7 
          
            Rachmaniah O, 
          
          
            Choi YH, 
          
          
            Arruabarren I, 
          
          
            Vermeulen B, 
          
          
            van Spronsen J, 
          
          
            Verpoorte R, 
          
          
            Witkamp GJ. 
          
        Environmentally benign buper critical CO2 extraction of balanthamine from floricultural crop waste of Narcissus pseudonarcissus
        . J Supercrit Fluids SI 2014; 93: 7-19 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-8]8 
          
            Abbott AP, 
          
          
            Boothby D, 
          
          
            Capper G, 
          
          
            Davies DL, 
          
          
            Rasheed RK. 
          
        Deep eutectic solvents formed between choline chloride and carboxylic acids: versatile alternatives to ionic liquids. J Am Chem Soc 2004; 126: 9142-9147 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-9]9 
          
            Abbott AP, 
          
          
            Capper G, 
          
          
            Davies DL, 
          
          
            Rasheed RK, 
          
          
            Tambyrajah V. 
          
        Novel solvent properties of choline chloride/urea mixtures. Chem Commun (Camb) 2003; (01) 70-71 





PubMedGoogle Scholar





	
[bookmark: RF1084-10]10 
          
            Choi YH, 
          
          
            van Spronsen J, 
          
          
            Dai Y, 
          
          
            Verberne M, 
          
          
            Hollmann F, 
          
          
            Arends IWC, 
          
          
            Witkamp GJ, 
          
          
            Verpoorte R. 
          
        Are natural deep eutectic solvents the missing link in understanding cellular metabolism and physiology?. Plant Physiol 2011; 156: 1701-1705 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-11]11 
          
            Dai Y, 
          
          
            van Spronsen J, 
          
          
            Witkamp GJ, 
          
          
            Verpoorte R, 
          
          
            Choi YH. 
          
        Natural deep eutectic solvents as new potential media for green technology. Anal Chim Acta 2013; 766: 61-68 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-12]12 
          
            Pham TPT, 
          
          
            Cho CW, 
          
          
            Yun YS. 
          
        Environmental fate and toxicity of ionic liquids: A review. Water Res 2010; 44: 352-372 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-13]13 
          
            Gorke J, 
          
          
            Srienc F, 
          
          
            Kazlauskas R. 
          
        Toward advanced ionic liquids. Polar, enzyme-friendly solvents for biocatalysis. Biotechnol Bioprocess 2010; 15: 40-53 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-14]14 
          
            Dai Y, 
          
          
            van Spronsen J, 
          
          
            Witkamp GJ, 
          
          
            Verpoorte R, 
          
          
            Choi YH. 
          
        Ionic liquids and deep eutectic solvents in natural products research: mixtures of solids as extraction solvents. J Nat Prod 2013; 76: 2162-2173 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-15]15 
          
            Abbott AP, 
          
          
            Harris RC, 
          
          
            Ryder KS, 
          
          
            DʼAgostino C, 
          
          
            Gladden LF, 
          
          
            Mantle MD. 
          
        Glycerol eutectics as sustainable solvent systems. Green Chem 2011; 13: 82-90 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-16]16 
          
            Dagnino D, 
          
          
            Schripsema J, 
          
          
            Peltenburg A, 
          
          
            Verpoorte R, 
          
          
            Teunis K. 
          
        Capillary gas chromatographic analysis of indole alkaloids: investigation of the indole alkaloids present in Tabernaemontana divaricata cell suspension culture. J Nat Prod 1991; 54: 1558-1563 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-17]17 
          
            Dai Y, 
          
          
            Witkamp GJ, 
          
          
            Verpoorte R, 
          
          
            Choi YH. 
          
        Natural deep eutectic solvents as a new extraction media for phenolic metabolites in Carthamus tinctorius L. Anal Chem 2013; 85: 6272-6278 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-18]18 
          
            Dai Y, 
          
          
            Witkamp GJ, 
          
          
            Verpoorte R, 
          
          
            Choi YH. 
          
        Tailoring properties of natural deep eutectic solvents with water to facilitate their applications. Food Chem 2015; 187: 14-19 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-19]19 
          
            Gonzalez CG, 
          
          
            Mustafa NR, 
          
          
            Wilson EG, 
          
          
            Verpoorte R, 
          
          
            Choi YH. 
          
        Application of natural deep eutectic solvents for the “green” extraction of vanillin from vanilla pods. Flav Fragr J 2018; 33: 91-96 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-20]20 
          
            Lubbe A, 
          
          
            Pomahacova B, 
          
          
            Choi YH, 
          
          
            Verpoorte R. 
          
        Analysis of metabolic variation and galanthamine content in Narcissus bulbs by 1HNMR. Phytochem Anal 2010; 21: 66-67 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-21]21 
          
            Akram MN, 
          
          
            Verpoorte R, 
          
          
            Pomahacova B. 
          
        Methods for the analysis of galanthamine and its extraction from laboratory to industrial scale. South Afr J Bot 2012; 136: 51-64 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-22]22 
          
            Akram MN, 
          
          
            Verpoorte R, 
          
          
            Pomahacova B. 
          
        Effect of bulb age on alkaloid contents of Narcissus pseudonarcissus bulbs. South Afr J Bot 2021; 136: 182-189 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-23]23 
          
            Bastida J, 
          
          
            Viladomat F. 
          
        Alkaloids of Narcissus. Narcissus and Daffodil. In: 
              
                Hanks GR. 
              
              ed. 
            
            Narcissus and Daffodil: The genus Narcissus
          . London, New York: Taylor & Francis; 2002: 141-214 





Google Scholar





	
[bookmark: RF1084-24]24 
          
            Kreh M, 
          
          
            Matusch R, 
          
          
            Witte L. 
          
        Capillary gas chromatography-mass spectrometry of Amaryllidaceae alkaloids. Phytochemistry 1995; 38: 773-776 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-25]25 
          
            Gotti R, 
          
          
            Fiori J, 
          
          
            Bartolini M, 
          
          
            Cavrini V. 
          
        Analysis of Amaryllidaceae alkaloids from Narcissus by GC–MS and capillary electrophoresis. J Pharm Biomed Anal 2006; 42: 17-24 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-26]26 
          
            Tojo E. 
          
        (+)-Narcidine, a new alkaloid from Narcissus pseudonarcissus
        . J Nat Prod 1991; 54: 1387-1388 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-27]27 
          
            Lubbe A, 
          
          
            Verpoorte R, 
          
          
            Choi YH. 
          
        Effects of fungicides on galanthamine and metabolite profiles in Narcissus bulbs. Plant Physiol Biochem 2012; 58: 116-123 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-28]28 
          
            Piozzi F, 
          
          
            Fuganti C, 
          
          
            Mondelli R, 
          
          
            Ceriotti G. 
          
        Narciclasine and narciprimine. Tetrahedron 1968; 24: 1119-1131 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-29]29 
          
            Wahyuni D, 
          
          
            van der Kooy F, 
          
          
            Klinkhamer P, 
          
          
            Verpoorte R, 
          
          
            Leiss K. 
          
        The use of bio-guided fractionation to explore the use of leftover biomass in Dutch flower bulb production as allelochemicals against weeds. Molecules 2013; 18: 4510-4525 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-30]30 
          
            Duan L, 
          
          
            Dou LL, 
          
          
            Guo L, 
          
          
            Li P, 
          
          
            Liu EH. 
          
        Comprehensive evaluation of deep eutectic solvents in extraction of bioactive natural products. ACS Sust Chem Engin 2016; 4: 2405-2411 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-31]31 
          
            Jiang ZM, 
          
          
            Wang LJ, 
          
          
            Gao Z, 
          
          
            Zhuang B, 
          
          
            Yin Q, 
          
          
            Liu EH. 
          
        Green and efficient extraction of different types of bioactive alkaloids using deep eutectic solvents. Microchem J 2019; 145: 345-353 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-32]32 
          
            Li Y, 
          
          
            Hsieh YH, 
          
          
            Pan Z, 
          
          
            Zhang L, 
          
          
            Yu W, 
          
          
            Wang B, 
          
          
            Zhang J. 
          
        Extraction of alkaloids from coptidis rhizoma via betaine based deep eutectic solvents. ChemistrySelect 2020; 5: 4973-4978 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-33]33 
          
            Li Y, 
          
          
            Pan ZC, 
          
          
            Wang B, 
          
          
            Yu W, 
          
          
            Song S, 
          
          
            Feng H, 
          
          
            Zhao WW, 
          
          
            Zhang J. 
          
        Ultrasound-assisted extraction of bioactive alkaloids from Phellodendri amurensis cortex using deep eutectic solvent aqueous solutions. New J Chem 2020; 44: 9172-9178 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-34]34 
          
            Torres-Vega J, 
          
          
            Gómez-Alonso S, 
          
          
            Pérez-Navarro J, 
          
          
            Pastene-Navarrete E. 
          
        Green extraction of alkaloids and polyphenols from Peumus boldus leaves with natural deep eutectic solvents and profiling by HPLC-PDA-IT-MS/MS and HPLC-QTOF-MS/MS. Plants 2020; 9: 242 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-35]35 
          
            Si YY, 
          
          
            Sun SW, 
          
          
            Liu K, 
          
          
            Liu Y, 
          
          
            Shi HL, 
          
          
            Ke Z, 
          
          
            Wang J, 
          
          
            Wang W. 
          
        Novel deep eutectic solvent based on levulinic acid and 1,4-butanediol as an extraction media for bioactive alkaloid rutaecarpine. Process 2019; 3: 171 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-36]36 
          
            Takla SS, 
          
          
            Shawky E, 
          
          
            Hammoda H, 
          
          
            Darwish F. 
          
        Green techniques in comparison to conventional ones in the extraction of Amaryllidaceae alkaloids: Best solvents selection and parameters optimization. J Chromatogr A 2018; 1567: 99-110 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-37]37 
          
            Bastos JK, 
          
          
            Xu L, 
          
          
            Dhammika Nanayakkara NP, 
          
          
            Burandt CL, 
          
          
            Moraes-Cerdeira RM, 
          
          
            McChesney JD. 
          
        A rapid quantitative method for the analysis of galanthamine and other Amaryllidaceae alkaloids by capillary column gas chromatography. J Nat Prod 1996; 59: 638-640 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-38]38 
          
            Berkov S, 
          
          
            Bastida J, 
          
          
            Nikolova M, 
          
          
            Viladomat F, 
          
          
            Codina C. 
          
        Rapid TLC/GC-MS identification of acetylcholinesterase inhibitors in alkaloid extracts. Phytochem Anal 2008; 19: 411-419 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-39]39 
          
            Codina C, 
          
          
            Bastida J, 
          
          
            Viladomat F, 
          
          
            Marcos Fernández J, 
          
          
            Bergoñón S, 
          
          
            Rubiralta M, 
          
          
            Quirion JC. 
          
        Alkaloids from Narcissus muñozii-garmendiæ
        . Phytochemistry 1993; 32: 1354-1356 





CrossrefPubMedGoogle Scholar





	
[bookmark: RF1084-40]40 
          
            Li HY, 
          
          
            Ma GE, 
          
          
            Xu Y, 
          
          
            Hong SH. 
          
        Alkaloids of Lycoris guangxiensis
        . Planta Med 1987; 53: 259-261 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: RF1084-41]41 
          
            Eriksson L, 
          
          
            Johansson E, 
          
          
            Kettaneh-Wold N, 
          
          
            Trygg J, 
          
          
            Wikström C, 
          
          
            Wold S. 
          
        Multi- and Megavariate Data Analysis. Part I: Basic Principles and Applications. Umeå, Sweden: Umetrics Academy; 2006: 10-87 





Google Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 18.207.127.179
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  