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Abstract

                    
In this study, we aimed to identify the compounds in Eclipta prostrata
                        responsible for its anti-inflammatory effects using an in vitro
                        bioassay. Three triterpenoids, eclalbasaponin I, eclalbasaponin II, and
                        echinocystic acid, were isolated from an EtOAc fraction of the 70 % EtOH
                        extract of E. prostrata by activity-guided fractionation based on the
                        inhibition of nitric oxide release from lipopolysaccharide-induced RAW 264.7
                        macrophages. Of these three triterpenoids, echinocystic acid inhibited
                        lipopolysaccharide-induced production of nitric oxide and cytokines such as
                        tumor necrosis factor-α and interleukin-6. Consistent with these
                        observations, echinocystic acid concentration-dependently inhibited
                        lipopolysaccharide-induced inducible nitric oxide synthase expression at the
                        protein level and inducible nitric oxide synthase, tumor necrosis
                            factor-α, and interleukin-6 expression at the mRNA level, and
                        inhibited lipopolysaccharide-induced iNOS promoter binding activity. In
                        addition, echinocystic acid suppressed the lipopolysaccharide-induced
                        transcriptional activity of nuclear factor-κB by blocking the nuclear
                        translocation of p65.

                

            


                
[bookmark: N11089]
Key words

                
          
Eclipta prostrata
         - 
                Asteraceae - 
                echinocystic acid-nitric oxide - 
                inducible nitric oxide synthase - 
                nuclear factor-κB
            

[bookmark: FN1096-1]
                

* These authors contributed equally to this work.

            




            
[bookmark: N11547]
Supporting Information

            
	
Supporting Information



        







 

[bookmark: ]

[bookmark: N1155D]
	
References


	
[bookmark: RW1096-1]1 Francavilla M, Colaianna M, Zotti M, Morgese MG, Trotta P, Tucci P, Schiavone S, Cuomo V, Trabace L. Extraction, characterization and in vivo neuromodulatory activity of
                    phytosterols from microalga Dunaliella tertiolecta
        . Curr Med Chem 2012; 19: 3058-3067 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-2]2 Tewtrakul S, Subhadhirasakul S, Tansakul P, Cheenpracha S, Karalai C. Antiinflammatory constituents from Eclipta prostrata using RAW264.7
                    macrophage cells. Phytother Res 2011; 25: 1313-1316 





PubMedGoogle Scholar





	
[bookmark: RW1096-3]3 Kumari CS, Govindasamy S, Sukumar E. Lipid lowering activity of Eclipta prostrata in experimental
                    hyperlipidemia. J Ethnopharmacol 2006; 105: 332-335 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-4]4 Lirdprapamongkol K, Kramb JP, Chokchaichamnankit D, Srisomsap C, Surarit R, Sila-Asna M, Bunyaratvej A, Dannhardt G, Svasti J. Juice of Eclipta prostrata inhibits cell migration in vitro and
                    exhibits anti-angiogenic activity in vivo
        . In Vivo 2008; 22: 363-368 





PubMedGoogle Scholar





	
[bookmark: RW1096-5]5 Liu QM, Zhao HY, Zhong XK, Jiang JG. 
          Eclipta prostrata L. phytochemicals: isolation, structure elucidation,
                    and their antitumor activity. Food Chem Toxicol 2012; 50: 4016-4022 





PubMedGoogle Scholar





	
[bookmark: RW1096-6]6 Melo PA, do Nascimento MC, Mors WB, Suarez-Kurtz G. Inhibition of the myotoxic and hemorrhagic activities of crotalid venoms by
                        Eclipta prostrata (Asteraceae) extracts and constituents. Toxicon 1994; 32: 595-603 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-7]7 Liu X, Jiang Y, Zhao Y, Tang H. Effect of ethyl acetate extract of Eclipta prostrata on mice of normal
                    and immunosupression. Zhong Yao Cai 2000; 23: 407-409 





PubMedGoogle Scholar





	
[bookmark: RW1096-8]8 Liu X, Zhao Y, Jiang Y, Tang H. Effect of ethylacetate extract of Eclipta prostrata on function of
                    T-lymphocytes. Disi Junyi Daxue Xuebao 2001; 22: 754-756 





PubMedGoogle Scholar





	
[bookmark: RW1096-9]9 Wiart C, Mogana S, Khalifah S, Mahan M, Ismail S, Buckle M, Narayana AK, Sulaiman M. Antimicrobial screening of plants used for traditional medicine in the state of
                    Perak, Penisular Malaysia. Fitoterapia 2004; 75: 68-73 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-10]10 Kobori M, Yang Z, Gong D, Heissmeyer V, Zhu H, Jung YK, Gakidis MA, Rao A, Sekine T, Ikegami F, Yuan C, Yuan J. Wedelolactone suppress LPS-induced caspase-11 expression by directly inhibiting
                    the IKK complex. Cell Death Differ 2004; 11: 123-130 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-11]11 Tungtrongjit K. Pramuan Supphakun Ya Thai. Bangkok: Pisansilp Press; 1978: 107-108 





Google Scholar





	
[bookmark: RW1096-12]12 Wutthithamavet W. Thai traditional medicine, revised edition. Bangkok: Odean Store Press; 1997: 268 





Google Scholar





	
[bookmark: RW1096-13]13 Kim IT, Ryu S, Shin JS, Choi JH, Park HJ, Lee KT. Euscaphic acid isolated from roots of Rosa rugosa inhibits LPS-induced
                    inflammatory responses via TLR4-mediated NF-κB inactivation in RAW 264.7
                    macrophages. J Cell Biochem 2012; 113: 1936-1946 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-14]14 Lau KS, Grange RW, Isotani E, Sarelius IH, Kamm KE, Huang PL. nNOS and eNOS modulate cGMP formation and vascular response in contracting
                    fast-twitch skeletal muscle. Physiol Genomics 2000; 2: 21-27 





PubMedGoogle Scholar





	
[bookmark: RW1096-15]15 OʼNeill GP, Ford-Hutchinson AW. Expression of mRNA for cyclooxygenase-1 and cyclooxygenase-2 in human
                    tissues. FEBS Lett 1993; 330: 156-160 





PubMedGoogle Scholar





	
[bookmark: RW1096-16]16 Marnett LJ, Rowlinson SW, Goodwin DC, Kalgutkar AS, Lanzo CA. Arachidonic acid oxygenation by COX-1 and COX-2. Mechanisms of catalysis and
                    inhibition. J Biol Chem 1999; 274: 22903-22906 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-17]17 Dendorfer U. Molecular biology of cytokines. Artif Organs 1996; 20: 437-444 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-18]18 Baldwin Jr. AS. The NF-kappa B and I kappa B proteins: new discoveries and insights. Annu Rev Immunol 1996; 14: 649-683 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-19]19 Chen J, Li RM, Xu J, Guan BQ, Luo ZL. Effect of wedelolactone on COX-2, NO and TNF-α expression in LPS-induced
                    RAW264.7 cells. Acta Metallurg Sin 2012; 17: 171-174 





PubMedGoogle Scholar





	
[bookmark: RW1096-20]20 Shin JS, Yun CH, Cho YW, Baek NI, Choi MS, Jeong TS, Chung HG, Lee KT. Indole-containing fractions of Brassica rapa inhibit inducible nitric
                    oxide synthase and pro-inflammatory cytokine expression by inactivating nuclear
                        factor-κB. J Med Food 2011; 14: 1527-1537 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-21]21 Kobayashi Y. The regulatory role of nitric oxide in proinflammatory cytokine expression
                    during the induction and resolution of inflammation. J Leukoc Biol 2010; 88: 1157-1162 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-22]22 Kim JY, Park SJ, Yun KJ, Cho YW, Park HJ, Lee KT. Isoliquiritigenin isolated from the roots of Glycyrrhiza uralensis
                    inhibits LPS-induced iNOS and COX-2 expression via the attenuation of NF-kappaB
                    in RAW 264.7 macrophages. Eur J Pharmacol 2008; 584: 175-184 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-23]23 Jung HJ, Park HJ, Kim RG, Shin KM, Ha J, Choi JW. 
          In vivo anti-inflammatory and antinociceptive effects of liriodendrin
                    isolated from the stem bark of Acanthopanax senticosus
        . Planta Med 2003; 69: 610-616 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: RW1096-24]24 Yun KJ, Kim JY, Kim JB, Lee KW, Jeong SY, Park HJ, Jung HJ, Cho YW, Yun K, Lee KT. Inhibition of LPS-induced NO and PGE2 production by asiatic acid via NF-kappa B
                    inactivation in RAW 264.7 macrophages: possible involvement of the IKK and MAPK
                    pathways. Int Immunopharmacol 2008; 8: 431-441 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-25]25 Caballero-George C, Vanderheyden PM, Okamoto Y, Masaki T, Mbwambo Z, Apers S. Evaluation of bioactive saponins and triterpenoidal aglycons for their binding
                    properties on human endothelin ETA and angiotensin AT1 receptors. Phytother Res 2004; 18: 729-736 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-26]26 Joshi UJ, Gadge AS, DʼMello P, Sinha R, Srivastava S, Govil G. Anti-inflammatory, antioxidant and anticancer activity of Quercetin and its
                    analogues. Int J Biomed Pharm Sci 2011; 2: 1756-1766 





PubMedGoogle Scholar





	
[bookmark: RW1096-27]27 Mumm JB, Oft M. Cytokine-based transformation of immune surveillance into tumor-promoting
                    inflammation. Oncogene 2008; 27: 5913-5919 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-28]28 Hodge DR, Hurt EM, Farrar WL. The role of IL-6 and STAT3 in inflammation and cancer. Eur J Cancer 2005; 41: 2502-2512 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-29]29 Rios JL. Effects of triterpenes on the immune system. J Ethnopharmacol 2010; 128: 1-14 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-30]30 Chang YL, Chen CL, Kuo CL, Chen BC, You JS. Glycyrrhetinic acid inhibits ICAM-1 expression via blocking JNK and NF-kappaB
                    pathways in TNF-alpha-activated endothelial cells. Acta Pharmacol Sin 2010; 31: 546-553 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-31]31 Haridas V, Arntzen CJ, Gutterman JU. Avicins, a family of triterpenoid saponins from Acacia victoriae (Bentham),
                    inhibit activation of nuclear factor-kappaB by inhibiting both its nuclear
                    localization and ability to bind DNA. Proc Natl Acad Sci USA 2001; 98: 11557-11562 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-32]32 Zhang X, Xiong H, Liu L. Effects of taraxasterol on inflammatory responses in lipopolysaccharide-induced
                    RAW 264.7 macrophages. J Ethnopharmacol 2012; 141: 206-211 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-33]33 Karin M, Ben-Neriah Y. Phosphorylation meets ubiquitination: the control of NF-kappaB activity. Annu Rev Immunol 2000; 18: 621-663 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-34]34 Joh EH, Gu W, Kim DH. Echinocystic acid ameliorates lung inflammation in mice and alveolar macrophages
                    by inhibiting the binding of LPS to TLR4 in NF-kB and MAPK pathways. Biochem Pharmacol 2012; 84: 331-340 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-35]35 Yahara S, Ding N, Nohara T. Oleanane glycosides from Eclipta alba
        . Chem Pharm Bull 1994; 42: 1336-1338 





CrossrefPubMedGoogle Scholar





	
[bookmark: RW1096-36]36 Lowenstein CJ, Alley EW, Raval P, Snowman AM, Snyder SH, Russell SW, Murphy WJ. Macrophage nitric oxide synthase gene: two upstream regions mediate induction by
                    interferon gamma and lipopolysaccharide. Proc Natl Acad Sci USA 1993; 90: 9730-9734 





CrossrefPubMedGoogle Scholar










 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 52.91.103.49
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  