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                    Abstract
A methoxylated flavanone derivative, 2′,3′,4′-trimethoxy-5,6-naphthoflavanone (TMNF), was synthesized, and its anti-proliferative activity was evaluated. In HCT116 colon cancer cells, TMNF inhibited cellular proliferation and triggered cytotoxicity. A flow cytometry assay showed that TMNF caused cell cycle arrest at the G2/M phase with a concomitant decrease in the population of G1 phase cells. Furthermore, TMNF caused accumulation of p53 and its downstream target, Bax, and stimulated cleavage of caspase-7 and poly(ADP-ribose) polymerase. These data suggest that methoxylated naphthoflavanone can be an attractive pharmacophore for further development of therapeutic adjuvants.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2


Fig. 3



                        

                    

                    
                        
                    


                    
                        
                            
                                
                            
                        
                    

                    

                    

                    References
	Andree HA, Reutelingsperger CP, Hauptmann R, Hemker HC, Hermens WT, Willems GM (1990) Binding of vascular anticoagulant alpha (VAC alpha) to planar phospholipid bilayers. J Biol Chem 265:4923–4928
CAS 
    
                    Google Scholar 
                

	Bodduluru LN, Kasala ER, Barua CC, Karnam KC, Dahiya V, Ellutla M (2015) Antiproliferative and antioxidant potential of hesperetin against benzo(a)pyrene-induced lung carcinogenesis in Swiss albino mice. Chem Biol Interact 242:345–352
Article 
    CAS 
    
                    Google Scholar 
                

	Danial NN, Korsmeyer SJ (2004) Cell death: critical control points. Cell 116:205–219
Article 
    CAS 
    
                    Google Scholar 
                

	Fadok VA, Voelker DR, Campbell PA, Cohen JJ, Bratton DL, Henson PM (1992) Exposure of phosphatidylserine on the surface of apoptotic lymphocytes triggers specific recognition and removal by macrophages. J Immunol 148:2207–2216
CAS 
    
                    Google Scholar 
                

	Hanakova Z, Hosek J, Babula P, Dall’Acqua S, Vaclavik J, Smejkal K (2015) C-Geranylated flavanones from Paulownia tomentosa fruits as potential anti-inflammatory compounds acting via inhibition of TNF-alpha production. J Nat Prod 78:850–863
Article 
    CAS 
    
                    Google Scholar 
                

	Hwang D, Jo G, Hyun J, Lee SD, Koh D, Lim Y (2012) Synthesis of methoxybenzoflavones and assignments of their NMR data. Magn Reson Chem 50:62–67
Article 
    CAS 
    
                    Google Scholar 
                

	Lum JJ, Bauer DE, Kong M, Harris MH, Li C, Lindsten T, Thompson CB (2005) Growth factor regulation of autophagy and cell survival in the absence of apoptosis. Cell 120:237–248
Article 
    CAS 
    
                    Google Scholar 
                

	Miyashita T, Krajewski S, Krajewska M, Wang HG, Lin HK, Liebermann DA, Hoffman B, Reed JC (1994) Tumor suppressor p53 is a regulator of bcl-2 and bax gene expression in vitro and in vivo. Oncogene 9:1799–1805
CAS 
    
                    Google Scholar 
                

	Nakai K, Ward AM, Gannon M, Rifkind AB (1992) Beta-naphthoflavone induction of a cytochrome P-450 arachidonic acid epoxygenase in chick embryo liver distinct from the aryl hydrocarbon hydroxylase and from phenobarbital-induced arachidonate epoxygenase. J Biol Chem 267:19503–19512
CAS 
    
                    Google Scholar 
                

	Nurse P (1990) Universal control mechanism regulating onset of M-phase. Nature 344:503–508
Article 
    CAS 
    
                    Google Scholar 
                

	Prasad S, Phromnoi K, Yadav VR, Chaturvedi MM, Aggarwal BB (2010) Targeting inflammatory pathways by flavonoids for prevention and treatment of cancer. Planta Med 76:1044–1063
Article 
    CAS 
    
                    Google Scholar 
                

	Shin SY, Kim JH, Lee JH, Lim Y, Lee YH (2012) 2′-Hydroxyflavanone induces apoptosis through Egr-1 involving expression of Bax, p21, and NAG-1 in colon cancer cells. Mol Nutr Food Res 56:761–774
Article 
    CAS 
    
                    Google Scholar 
                

	Shin SY, Kim JH, Yoon H, Choi YK, Koh D, Lim Y, Lee YH (2013) Novel antimitotic activity of 2-hydroxy-4-methoxy-2′,3′-benzochalcone (HymnPro) through the inhibition of tubulin polymerization. J Agric Food Chem 61:12588–12597
Article 
    CAS 
    
                    Google Scholar 
                

	Slee EA, Harte MT, Kluck RM, Wolf BB, Casiano CA, Newmeyer DD, Wang HG, Reed JC, Nicholson DW, Alnemri ES, Green DR, Martin SJ (1999) Ordering the cytochrome c-initiated caspase cascade: hierarchical activation of caspases-2, -3, -6, -7, -8, and -10 in a caspase-9-dependent manner. J Cell Biol 144:281–292
Article 
    CAS 
    
                    Google Scholar 
                

	Ticha LA, Klaasen JA, Green IR, Naidoo S, Baker B, Pietersen RD (2015) Phytochemical and antimicrobial screening of flavanones and chalcones from Galenia africana and Dicerothamnus rhinocerotis. Nat Prod Commun 10:1185–1190

                    Google Scholar 
                

	Wen X, Walle T (2006) Methylated flavonoids have greatly improved intestinal absorption and metabolic stability. Drug Metab Dispos 34:1786–1792
Article 
    CAS 
    
                    Google Scholar 
                

	Yao LH, Jiang YM, Shi J, Tomas-Barberan FA, Datta N, Singanusong R, Chen SS (2004) Flavonoids in food and their health benefits. Plant Foods Hum Nutr 59:113–122
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This study was supported by the Konkuk University research support program.


Author information
Authors and Affiliations
	Department of Biological Sciences, College of Biological Science and Biotechnology, Konkuk University, Seoul, 05029, Republic of Korea
Kyungho Lee, Da Hyun Lee, Soon Young Shin & Young Han Lee

	Cancer and Metabolism Institute, Konkuk University, Seoul, 05029, Republic of Korea
You Jung Jung, Soon Young Shin & Young Han Lee

	Department of Applied Chemistry, Dongduk Women’s University, Seoul, 02748, Republic of Korea
Dongsoo Koh


Authors	Kyungho LeeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Da Hyun LeeView author publications
You can also search for this author in
                        PubMed Google Scholar



	You Jung JungView author publications
You can also search for this author in
                        PubMed Google Scholar



	Soon Young ShinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dongsoo KohView author publications
You can also search for this author in
                        PubMed Google Scholar



	Young Han LeeView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding authors
Correspondence to
                Dongsoo Koh or Young Han Lee.


Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Lee, K., Lee, D.H., Jung, Y.J. et al. A methoxyflavanone derivative, 2′,3′,4′-trimethoxy-5,6-naphthoflavanone, inhibits proliferation of HCT116 human colon cancer cells by inducing G2/M cell cycle arrest and apoptosis.
                    Appl Biol Chem 59, 249–253 (2016). https://doi.org/10.1007/s13765-016-0164-9
Download citation
	Received: 26 November 2015

	Accepted: 04 January 2016

	Published: 29 January 2016

	Issue Date: April 2016

	DOI: https://doi.org/10.1007/s13765-016-0164-9


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	2′,3′,4′-Trimethoxy-5,6-naphthoflavanone
	Apoptosis
	Cell cycle arrest
	Flavonoids
	HCT116 human colon cancer cells








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.85.100.64
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    