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Abstract

        

          
Helianthemum nummularium is a European shrub growing at high altitude where it copes with a high level of stress. It was found to be overexpressed in ungulates diets compared to more abundant surrounding plants. These elements combined with the fact that H. nummularium from the Alps has never been investigated prompted us to study the phytochemical composition of its aerial parts. The analysis of the polar extract allowed for the isolation of eight compounds: p-hydroxybenzoic acid, tiliroside, kaempferol, astragalin, quercetin, plantainoside B, quercetin-3-O-glucoside, and quercetin-3-O-glucuronide. We investigated the effect of the polar extract and isolated compounds on nuclear factor erythroid 2-related factor 2 transcription factor, which regulates the expression of a wide variety of cytoprotective genes. We found that the ethanolic extract activates the expression of nuclear factor erythroid 2-related factor 2 in a dose-dependent
					manner, whereas the pure compounds were much less active. The activation of the nuclear factor erythroid 2-related factor 2 pathway by the plant extract could pave the way for studies to promote healthy aging through protection of cells against oxidative stress. Moreover, the isolated compounds could be investigated alone or in combination in the perspective of making the link between the ungulateʼs preference for this plant and possible use of it for self-medication.
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Supporting Information

      

Soluble protein and carbohydrate content, cytotoxicity of the extract and pure compounds, HPLC profiles, and NMR and mass spectra of the purified compounds are available as Supporting Information.

        
	
Supporting Information



    








[bookmark: info]
Publication History

Received: 02 April 2020


Accepted after revision: 09 June 2020


Article published online:
09 July 2020



© 2020. Thieme. All rights reserved.

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany




 

[bookmark: ]

[bookmark: N11479]
	
References


	
[bookmark: RE0336-1]1 
          
            Aparicio A, 
          
          
            Martín-Hernanz S, 
          
          
            Parejo-Farnés C, 
          
          
            Arroyo J, 
          
          
            Lavergne S, 
          
          
            Yeşilyurt EB, 
          
          
            Zhang ML, 
          
          
            Rubio E, 
          
          
            Albaladejo RG. 
          
        Phylogenetic reconstruction of the genus Helianthemum (Cistaceae) using plastid and nuclear DNA-sequences: Systematic and evolutionary inferences. Taxon 2017; 66: 868-885 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-2]2 
          
            Volkova PA, 
          
          
            Schanzer IA, 
          
          
            Soubani E, 
          
          
            Meschersky IG, 
          
          
            Widén B. 
          
        Phylogeography of the European rock rose Helianthemum nummularium s.l. (Cistaceae): western richness and eastern poverty. Plant Syst Evol 2016; 302: 781-794 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-3]3 
          
            Narbona E, 
          
          
            Wang H, 
          
          
            Ortiz PL, 
          
          
            Arista M, 
          
          
            Imbert E. 
          
        Flower colour polymorphism in the Mediterranean Basin: occurrence, maintenance and implications for speciation. Plant Biol 2018; 20: 8-20 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-4]4 
          
            Bison M. 
          
        Taxonomic and functional Approaches of trophic Interactions between large Herbivores and Plant Communities in a Mountain Ecosystem [Dissertation]. Grenoble: Université Grenoble-Alpes; 2015 





PubMedGoogle Scholar





	
[bookmark: RE0336-5]5 
          
            Rayé G, 
          
          
            Miquel C, 
          
          
            Coissac E, 
          
          
            Redjadj C, 
          
          
            Loison A, 
          
          
            Taberlet P. 
          
        New insights on diet variability revealed by DNA barcoding and high-throughput pyrosequencing: chamois diet in autumn as a case study. Ecol Res 2011; 26: 265-276 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-6]6 
          
            Farruggia A, 
          
          
            Pompanon F, 
          
          
            Ginane C, 
          
          
            Vazeille K, 
          
          
            Niderkorn V, 
          
          
            Hulin S. 
          
        Reconstituer la composition du régime alimentaire des herbivores domestiques au pâturage: lʼapproche par métabarcoding. Fourrages 2012; 209: 43-51 





PubMedGoogle Scholar





	
[bookmark: RE0336-7]7 
          
            Alvarado JJ, 
          
          
            Ruiz JM, 
          
          
            López-Cantarero I, 
          
          
            Molero J, 
          
          
            Romero L. 
          
        Nitrogen metabolism in five plant species characteristic of gypsiferous soils. J Plant Physiol 2000; 156: 612-616 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-8]8 
          
            Baumont R, 
          
          
            Dulphy JP, 
          
          
            Sauvant D, 
          
          
            Meschy F, 
          
          
            Aufrere J, 
          
          
            Peyraud JL. 
          
        Valeur alimentaire des fourrages et des matières premières: tables et prévision. In: 
              Alimentation des ruminants. 
            Besoins des animaux et valeur des aliments. Versailles: Editions Quae; 2007 





Google Scholar





	
[bookmark: RE0336-9]9 
          
            Lebreton P, 
          
          
            Jeangros B, 
          
          
            Gallet C, 
          
          
            Scehovic J. 
          
        Sur lʼorganisation phytochimique de formations prairiales permanentes. Can J Bot 2001; 79: 510-519 





PubMedGoogle Scholar





	
[bookmark: RE0336-10]10 
          
            Milotić T, 
          
          
            Suyoto HN, 
          
          
            Provoost S, 
          
          
            Hoffmann M. 
          
        Herbivore-induced expansion of Helianthemum nummularium in grassland – scrub mosaic vegetation: circumstantial evidence for zoochory and indirect grazing impact. Plant Ecol 2017; 218: 867-884 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-11]11 
          
            Hybertson BM, 
          
          
            Gao B, 
          
          
            Bose SK, 
          
          
            McCord JM. 
          
        Oxidative stress in health and disease: the therapeutic potential of Nrf2 activation. Mol Aspects Med 2011; 32: 234-246 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-12]12 
          
            Cardozo LFMF, 
          
          
            Pedruzzi LM, 
          
          
            Stenvinkel P, 
          
          
            Stockler-Pinto MB, 
          
          
            Daleprane JB, 
          
          
            Leite M, 
          
          
            Mafra D. 
          
        Nutritional strategies to modulate inflammation and oxidative stress pathways via activation of the master antioxidant switch Nrf2. Biochimie 2013; 95: 1525-1533 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-13]13 
          
            Tu W, 
          
          
            Wang H, 
          
          
            Li S, 
          
          
            Liu Q, 
          
          
            Sha H. 
          
        The anti-inflammatory and anti-oxidant mechanisms of the Keap1/Nrf2/ARE signaling pathway in chronic diseases. Aging Dis 2019; 10: 637 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-14]14 
          
            Baldemir A, 
          
          
            Gökşen N, 
          
          
            Ildız N, 
          
          
            Karatoprak GŞ, 
          
          
            Koşar M. 
          
        Phytochemical profile and biological activities of Helianthemum canum from Turkey. Chem Biodivers 2017; 14: e1700052 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-15]15 
          
            Benabdelaziz I, 
          
          
            Haba H, 
          
          
            Lavaud C, 
          
          
            Harakat D, 
          
          
            Benkhaled M. 
          
        Lignans and other constituents from Helianthemum sessiliflorum Pers. Rec Nat Prod 2015; 9: 342-348 





PubMedGoogle Scholar





	
[bookmark: RE0336-16]16 
          
            Chemam Y, 
          
          
            Benayache S, 
          
          
            Marchioni E, 
          
          
            Zhao M, 
          
          
            Mosset P, 
          
          
            Benayache F. 
          
        On-line screening, isolation and identification of antioxidant compounds of Helianthemum ruficomum
        . Molecules 2017; 22: 239 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-17]17 
          
            Meckes M, 
          
          
            Calzada F, 
          
          
            Tapia-Contreras A, 
          
          
            Cedillo-Rivera R. 
          
        Antiprotozoal properties of Helianthemum glomeratum
        . Phytother Res 1999; 13: 102-105 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-18]18 
          
            Simmons SO, 
          
          
            Fan CY, 
          
          
            Yeoman K, 
          
          
            Wakefield J, 
          
          
            Ramabhadran R. 
          
        NRF2 oxidative stress induced by heavy metals is cell type dependent. Curr Chem Genomics 2011; 5: 1-12 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-19]19 
          
            Yildiz I, 
          
          
            Sen O, 
          
          
            Erenler R, 
          
          
            Demirtas I, 
          
          
            Behcet L. 
          
        Bioactivity – guided isolation of flavonoids from Cynanchum acutum L. subsp. sibiricum (willd.) Rech. f. and investigation of their antiproliferative activity. Nat Prod Res 2017; 31: 2629-2633 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-20]20 
          
            de Wet JR, 
          
          
            Wood KV, 
          
          
            DeLuca M, 
          
          
            Helinski DR, 
          
          
            Subramani S. 
          
        Firefly luciferase gene: structure and expression in mammalian cells. Mol Cell Biol 1987; 7: 725-737 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-21]21 
          
            Ow DW, 
          
          
            De Wet JR, 
          
          
            Helinski DR, 
          
          
            Howell SH, 
          
          
            Wood KV, 
          
          
            Deluca M. 
          
        Transient and stable expression of the firefly luciferase gene in plant cells and transgenic plants. Science 1986; 234: 856-859 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-22]22 
          
            de Roode JC, 
          
          
            Lefevre T, 
          
          
            Hunter MD. 
          
        Self-medication: a learning process?. Science 2013; 340: 1042 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-23]23 
          
            Templeton TJ, 
          
          
            Asada M, 
          
          
            Jiratanh M, 
          
          
            Ishikawa SA, 
          
          
            Tiawsirisup S, 
          
          
            Sivakumar T, 
          
          
            Namangala B, 
          
          
            Takeda M, 
          
          
            Mohkaew K, 
          
          
            Ngamjituea S, 
          
          
            Inoue N, 
          
          
            Sugimoto C, 
          
          
            Inagaki Y, 
          
          
            Suzuki Y, 
          
          
            Yokoyama N, 
          
          
            Kaewthamasorn M, 
          
          
            Kaneko O. 
          
        Ungulate malaria parasites. Sci Rep 2016; 6: 23230 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-24]24 
          
            Mamani-Matsuda M, 
          
          
            Rambert J, 
          
          
            Malvy D, 
          
          
            Lejoly-Boisseau H, 
          
          
            Daulouede S, 
          
          
            Thiolat D, 
          
          
            Coves S, 
          
          
            Courtois P, 
          
          
            Vincendeau P, 
          
          
            Mossalayi MD. 
          
        Quercetin induces apoptosis of Trypanosoma brucei gambiense and decreases the proinflammatory response of human macrophages. Antimicrob Agents Chemother 2004; 48: 924-929 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-25]25 
          
            Marín C, 
          
          
            Ramírez-Macías I, 
          
          
            López-Céspedes A, 
          
          
            Olmo F, 
          
          
            Villegas N, 
          
          
            Díaz JG, 
          
          
            Rosales MJ, 
          
          
            Gutiérrez-Sánchez R, 
          
          
            Sánchez-Moreno M. 
          
        
          In vitro and in vivo trypanocidal activity of flavonoids from Delphinium staphisagria against Chagas disease. J Nat Prod 2011; 74: 744-750 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-26]26 
          
            Tasdemir D, 
          
          
            Kaiser M, 
          
          
            Brun R, 
          
          
            Yardley V, 
          
          
            Schmidt TJ, 
          
          
            Tosun F, 
          
          
            Ruedi P. 
          
        Antitrypanosomal and antileishmanial activities of flavonoids and their analogues: in vitro, in vivo, structure-activity relationship, and quantitative structure-activity relationship studies. Antimicrob Agents Chemother 2006; 50: 1352-1364 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-27]27 
          
            Braguine CG, 
          
          
            Bertanha CS, 
          
          
            Gonçalves UO, 
          
          
            Magalhães LG, 
          
          
            Rodrigues V, 
          
          
            Melleiro Gimenez VM, 
          
          
            Groppo M, 
          
          
            Silva ML, 
          
          
            Cunha WR, 
          
          
            Januário AH, 
          
          
            Pauletti PM. 
          
        Schistosomicidal evaluation of flavonoids from two species of Styrax against Schistosoma mansoni adult worms. Pharm Biol 2012; 50: 925-929 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-28]28 
          
            Lasisi AA, 
          
          
            Kareem SO. 
          
        Evaluation of anthelmintic activity of the stem bark extract and chemical constituents of Bridelia ferruginae (Benth) Euphorbiaceae. Afr J Plant Sci 2011; 5: 469-474 





PubMedGoogle Scholar





	
[bookmark: RE0336-29]29 
          
            Swargiary A, 
          
          
            Roy B. 
          
        
          In vitro anthelmintic efficacy of Alpinia nigra and its bioactive compound, astragalin against Fasciolopsis Buski
        . Int J Pharm Pharm Sci 2015; 7: 30-35 





PubMedGoogle Scholar





	
[bookmark: RE0336-30]30 
          
            Kozan E, 
          
          
            Anul SA, 
          
          
            Tatli II. 
          
        
          In vitro anthelmintic effect of Vicia pannonica var. purpurascens on trichostrongylosis in sheep. Exp Parasitol 2013; 134: 299-303 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-31]31 
          
            Harman D. 
          
        The aging process. Proc Natl Acad Sci 1981; 78: 7124-7128 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-32]32 
          
            Harman D. 
          
        Nutritional implications of the free-radical theory of aging. J Am Coll Nutr 1982; 1: 27-34 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-33]33 
          
            Beckman KB, 
          
          
            Ames BN. 
          
        The free radical theory of aging matures. Physiol Rev 1998; 78: 547-581 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-34]34 
          
            Russo GL, 
          
          
            Tedesco I, 
          
          
            Spagnuolo C, 
          
          
            Russo M. 
          
        Antioxidant polyphenols in cancer treatment: Friend, foe or foil?. Semin Cancer Biol 2017; 46: 1-13 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-35]35 
          
            Bradford MM. 
          
        A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding. Anal Biochem 1976; 72: 248-254 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-36]36 
          
            Jermyn MA. 
          
        Increasing the sensitivity of the anthrone method for carbohydrate. Anal Biochem 1975; 68: 332-335 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0336-37]37 
          
            Hybertson BM, 
          
          
            Gao B, 
          
          
            Bose S, 
          
          
            McCord JM. 
          
        Phytochemical combination PB125 activates the Nrf2 pathway and induces cellular protection against oxidative injury. Antioxidants 2019; 8: 119 





CrossrefPubMedGoogle Scholar










 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 44.200.197.145
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  