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Abstract

        
This paper describes the use of 1H NMR profiling and chemometrics in order to facilitate the selection of medicinal plants as potential sources of collagenase inhibitors. A total of 49 plants with reported ethnobotanical uses, such as the healing of wounds and burns, treatment of skin-related diseases, rheumatism, arthritis, and bone diseases, were initially chosen as potential candidates. The in vitro collagenase inhibitory activity of hydroalcoholic extracts of these plants was tested. Moreover, their phytochemical profiles were analyzed by 1H NMR and combined with the inhibitory activity data by an orthogonal partial least squares model. The results showed a correlation between the bioactivity and the concentration of phenolics, including flavonoids, phenylpropanoids, and tannins, in the extracts. Considering the eventual false-positive effect on the bioactivity given by tannins, a tannin removal procedure was performed on the most active extracts. After this procedure, Alchemilla vulgaris was the most persistently active, proving to owe its activity to compounds other than tannins. Thus, this plant was selected as the most promising and further investigated through bioassay-guided fractionation, which resulted in the isolation of a flavonoid, quercetin-3-O-β-glucuronide, as confirmed by NMR and HRMS spectra. This compound showed not only a higher activity than other flavonoids with the same aglycone moiety, but was also higher than doxycycline (positive control), the only Federal Drug Administration-approved collagenase inhibitor. The approach employed in this study, namely the integration of metabolomics and bioactivity-guided fractionation, showed great potential as a tool for plant selection and identification of bioactive compounds in natural product research.
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* Dedicated to Professor Dr. Robert Verpoorte in recognition of his outstanding contribution to natural product research.

      




      
[bookmark: N1146C]
Supporting Information

      

A table showing the data of the plant material (traditional medicine source, scientific name, used part, percentage of anti-collagenase activity) and the 1H NMR spectra of H. indicus extract before and after the polyamide column are available as Supporting Information.

        
        
	
Supporting Information



    







 

[bookmark: ]

[bookmark: N1148B]
	
References


	
[bookmark: RC0129-1]1 
          
            Cragg GM, 
          
          
            Newman DJ. 
          
        Natural products: a continuing source of novel drug leads. Biochim Biophys Acta 2013; 1830: 3670-3695 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-2]2 
          
            Cragg GM, 
          
          
            Grothaus PG, 
          
          
            Newman DJ. 
          
        Impact of natural products on developing new anti-cancer agents. Chem Rev 2009; 109: 3012-3043 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-3]3 
          
            Pauli GF, 
          
          
            Chen SN, 
          
          
            Friesen JB, 
          
          
            McAlpine JB, 
          
          
            Jaki BU. 
          
        Analysis and purification of bioactive natural products: the AnaPurNa study. J Nat Prod 2012; 75: 1243-1255 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-4]4 
          
            Butler MS. 
          
        The role of natural product chemistry in drug discovery. J Nat Prod 2004; 67: 2141-2153 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-5]5 
          
            Yuliana ND, 
          
          
            Khatib A, 
          
          
            Choi YH, 
          
          
            Verpoorte R. 
          
        Metabolomics for bioactivity assessment of natural products. Phytother Res 2011; 25: 157-169 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-6]6 
          
            Wolfender JL, 
          
          
            Marti G, 
          
          
            Thomas A, 
          
          
            Bertrand S. 
          
        Current approaches and challenges for the metabolite profiling of complex natural extracts. J Chromatogr A 2015; 1382: 136-164 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-7]7 
          
            Inui T, 
          
          
            Wang Y, 
          
          
            Pro SM, 
          
          
            Franzblau SG, 
          
          
            Pauli GF. 
          
        Unbiased evaluation of bioactive secondary metabolites in complex matrices. Fitoterapia 2012; 83: 1218-1225 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-8]8 
          
            Yuliana ND, 
          
          
            Khatib A, 
          
          
            Verpoorte R, 
          
          
            Choi YH. 
          
        Comprehensive extraction method integrated with NMR metabolomics: a new bioactivity screening method for plants, adenosine A1 receptor binding compounds in Orthosiphon stamineus Benth. Anal Chem 2011; 83: 6902-6906 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-9]9 
          
            Cardoso-Taketa AT, 
          
          
            Pereda-Miranda R, 
          
          
            Choi YH, 
          
          
            Verpoorte R, 
          
          
            Villarreal ML. 
          
        Metabolic profiling of the Mexican anxiolytic and sedative plant Galphimia glauca using nuclear magnetic resonance spectroscopy and multivariate data analysis. Planta Med 2008; 74: 1295-1301 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: RC0129-10]10 
          
            Ali K, 
          
          
            Iqbal M, 
          
          
            Yuliana ND, 
          
          
            Lee YJ, 
          
          
            Park S, 
          
          
            Han S, 
          
          
            Lee JW, 
          
          
            Lee HS, 
          
          
            Verpoorte R, 
          
          
            Choi YH. 
          
        Identification of bioactive metabolites against adenosine A1 receptor using NMR-based metabolomics. Metabolomics 2013; 9: 778-785 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-11]11 
          
            Tawfike AF, 
          
          
            Viegelmann C, 
          
          
            Edrada-Ebel R. 
          
        Metabolomics and dereplication strategies in natural products. Methods Mol Biol 2013; 1055: 227-244 





PubMedGoogle Scholar





	
[bookmark: RC0129-12]12 
          
            Hubert J, 
          
          
            Nuzillard JM, 
          
          
            Renault JH. 
          
        Dereplication strategies in natural product research: How many tools and methodologies behind the same concept?. Phytochem Rev 2017; 16: 55-95 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-13]13 
          
            Katiyar C, 
          
          
            Gupta A, 
          
          
            Kanjilal S, 
          
          
            Katiyar S. 
          
        Drug discovery from plant sources: An integrated approach. Ayu 2012; 33: 10-19 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-14]14 
          
            Khare CP. 
          
        Indian herbal Remedies: rational Western Therapy, Ayurvedic, and other traditional Usage, Botany. New Delhi: Springer Science & Business Media; 2004 





Google Scholar





	
[bookmark: RC0129-15]15 
          
            Nadembega P, 
          
          
            Boussim JI, 
          
          
            Nikiema JB, 
          
          
            Poli F, 
          
          
            Antognoni F. 
          
        Medicinal plants in Baskoure, Kourittenga province, Burkina Faso: an ethnobotanical study. J Ethnopharmacol 2011; 133: 378-395 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-16]16 
          
            Guarrera PM. 
          
        Usi e Tradizioni della Flora italiana. Medicina Popolare ed Etnobotanica. Roma: Aracne editore; 2006 





Google Scholar





	
[bookmark: RC0129-17]17 
          
            Saric S, 
          
          
            Clark AK, 
          
          
            Sivamani RK, 
          
          
            Lio PA, 
          
          
            Lev-Tov HA. 
          
        The role of polyphenols in Rosacea treatment: a systematic review. J Altern Complement Med 2017; 23: 920-929 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-18]18 
          
            Ezeja MI, 
          
          
            Anaga AO. 
          
        Anti-ulcerogenic activity of the methanol root bark extract of Cochlospermum planchonii (Hook f). Afr J Tradit Complement Altern Med 2013; 10: 394-400 





PubMedGoogle Scholar





	
[bookmark: RC0129-19]19 
          
            Elliott S, 
          
          
            Cawston T. 
          
        The clinical potential of matrix metalloproteinase inhibitors in the rheumatic disorders. Drug Aging 2001; 18: 87-99 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-20]20 
          
            Schultz G, 
          
          
            Mozingo D, 
          
          
            Romanelli M, 
          
          
            Claxton K. 
          
        Wound healing and TIME; new concepts and scientific applications. Wound Repair Regen 2005; 13: S1-S11 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-21]21 
          
            Chambers TJ, 
          
          
            Darby JA, 
          
          
            Fuller K. 
          
        Mammalian collagenase predisposes bone surfaces to osteoclastic resorption. Cell Tissue Res 1985; 241: 671-675 





PubMedGoogle Scholar





	
[bookmark: RC0129-22]22 
          
            Nissinen L, 
          
          
            Kähäri VM. 
          
        Matrix metalloproteinases in inflammation. Biochim Biophys Acta 2014; 1840: 2571-2580 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-23]23 
          
            Thring TS, 
          
          
            Hili P, 
          
          
            Naughton DP. 
          
        Anti-collagenase, anti-elastase and anti-oxidant activities of extracts from 21 plants. BMC Complement Altern Med 2009; 9: 27 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-24]24 
          
            Chatatikun M, 
          
          
            Chiabchalard A. 
          
        Thai plants with high antioxidant levels, free radical scavenging activity, anti-tyrosinase and anti-collagenase activity. BMC Complement Altern Med 2017; 17: 487 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-25]25 
          
            Ghimeray AK, 
          
          
            Jung US, 
          
          
            Lee HY, 
          
          
            Kim YH, 
          
          
            Ryu EK, 
          
          
            Chang MS. 
          
        
          In vitro antioxidant, collagenase inhibition, and in vivo anti-wrinkle effects of combined formulation containing Punica granatum, Ginkgo biloba, Ficus carica, and Morus alba fruits extract. Clin Cosmet Investig Dermatol 2015; 8: 389-396 





PubMedGoogle Scholar





	
[bookmark: RC0129-26]26 
          
            Crascì L, 
          
          
            Lauro MR, 
          
          
            Puglisi G, 
          
          
            Panico A. 
          
        Natural antioxidant polyphenols on inflammation management: Anti-glycation activity vs. metalloproteinases inhibition. Crit Rev Food Sci Nutr 2018; 58: 893-904 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-27]27 
          
            Burlando B, 
          
          
            Pastorino G, 
          
          
            Salis A, 
          
          
            Damonte G, 
          
          
            Clericuzio M, 
          
          
            Cornara L. 
          
        The bioactivity of Hedysarum coronarium extracts on skin enzymes and cells correlates with phenolic content. Pharm Biol 2017; 55: 1984-1991 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-28]28 
          
            Tanimura S, 
          
          
            Kadomoto R, 
          
          
            Tanaka T, 
          
          
            Zhang YJ, 
          
          
            Kouno I, 
          
          
            Kohno M. 
          
        Suppression of tumor cell invasiveness by hydrolyzable tannins (plant polyphenols) via the inhibition of matrix metalloproteinase-2/-9 activity. Biochem Biophys Res Commun 2005; 330: 1306-1313 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-29]29 
          
            Krishnamoorthy G, 
          
          
            Sehgal PK, 
          
          
            Mandal AB, 
          
          
            Sadulla S. 
          
        Studies on collagen-tannic acid-collagenase ternary system: Inhibition of collagenase against collagenolytic degradation of extracellular matrix component of collagen. J Enzyme Inhib Med Chem 2012; 27: 451-457 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-30]30 
          
            Hagerman AE, 
          
          
            Butler LG. 
          
        Protein precipitation method for the quantitative determination of tannins. J Agric Food Chem 1978; 26: 809-812 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-31]31 
          
            Bouktaib M, 
          
          
            Atmani A, 
          
          
            Rolando C. 
          
        Regio- and stereoselective synthesis of the major metabolite of quercetin, quercetin-3-O-β-D-glucuronide. Tetrahedron Lett 2002; 43: 6263-6266 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-32]32 
          
            Wynn RL. 
          
        Latest FDA approvals for dentistry. Gen Denti 1999; 47: 19 





PubMedGoogle Scholar





	
[bookmark: RC0129-33]33 
          
            Mira L, 
          
          
            Fernandez MT, 
          
          
            Santos M, 
          
          
            Rocha R, 
          
          
            Florêncio MH, 
          
          
            Jennings KR. 
          
        Interactions of flavonoids with iron and copper ions: a mechanism for their antioxidant activity. Free Radic Res 2002; 36: 1199-1208 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-34]34 
          
            Li DQ, 
          
          
            Zhao J, 
          
          
            Xie J, 
          
          
            Li SP. 
          
        A novel sample preparation and on-line HPLC-DAD-MS/MS-BCD analysis for rapid screening and characterization of specific enzyme inhibitors in herbal extracts: case study of α-glucosidase. J Pharm Biomed Anal 2014; 88: 130-135 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-35]35 
          
            Tan GT, 
          
          
            Pezzuto JM, 
          
          
            Kinghorn AD, 
          
          
            Hughes SH. 
          
        Evaluation of natural products as inhibitors of human immunodeficiency virus type 1 (HIV-1) reverse transcriptase. J Nat Prod 1991; 54: 143-154 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-36]36 
          
            Zhu M, 
          
          
            Phillipson JD, 
          
          
            Greengrass PM, 
          
          
            Bowery NE, 
          
          
            Cai Y. 
          
        Plant polyphenols: biologically active compounds or non-selective binders to protein?. Phytochemistry 1997; 44: 441-447 





CrossrefPubMedGoogle Scholar





	
[bookmark: RC0129-37]37 
          
            Mandrone M, 
          
          
            Lorenzi B, 
          
          
            Venditti A, 
          
          
            Guarcini L, 
          
          
            Bianco A, 
          
          
            Sanna C, 
          
          
            Ballero M, 
          
          
            Poli F, 
          
          
            Antognoni F. 
          
        Antioxidant and anti-collagenase activity of Hypericum hircinum L. Ind Crop Prod 2015; 76: 402-408 





CrossrefPubMedGoogle Scholar










 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 44.203.176.234
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  