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                    Abstract
Increased activity of CYP2E1 has been associated with increased risk of chemically-mediated cancers, through enhanced activation of a variety of procarcinogens. In this context, inhibition of CYP2E1 is potentially of significance in xenobiotic toxicity. The aim of the present study was to test the hypothesis that quinacrine inhibits hepatic CYP2E1. For this purpose, disulfiram (75 mg/kg i.p) as an inhibitor and isoniazid (100 mg/kg i.p) as an inducer of CYP2E1, as well as quinacrine (50 mg/kg i.p) were administered to Wistar rats and the hepatic activity of CYP2E1 was measured. The expression of CYP2E1 was further assessed by Western blot analysis. As expected, disulfiram inhibited, while isoniazid induced the activity and expression of the enzyme. Interestingly, treatment with quinacrine resulted in a significant decrease of CYP2E1 activity and expression. To investigate any similarities in the inhibition of CYP2E1 by quinacrine and disulfiram, molecular modeling techniques were adopted and revealed that quinacrine molecule anchors inside the same binding pocket of the protein where disulfiram is also attached. Finally, as assessed by the sister chromatid exchanges (SCE) assay, quinacrine was demonstrated to reduce the mutagenic effects of the tobacco-specific N-nitrosamine 4-(methyl nitrosamino)-1-(3-pyridyl)-1-butanone (NNK), which is known to be converted to active mutagen in the liver principally through CYP2E1. We suggest that these antimutagenic effects of quinacrine could be possibly attributed, at least in part, to its ability to block the bioactivation of NNK, mainly by the inhibition of CYP2E1. Our results, even preliminary, indicate that quinacrine as an inhibitor of CYP2E1 might be protective against chemically-induced toxicities such as NNK-induced mutagenicity.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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


Fig. 4


Fig. 5


Fig. 6


Fig. 7


Fig. 8


Fig. 9



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Bolt HM, Roos PH, Thier R (2003) The cytochrome P-450 isoenzyme CYP2E1 in the biological processing of industrial chemicals: consequences for occupational and environmental medicine. Int Arch Occup Environ Health 76:174–185
PubMed 
    CAS 
    
                    Google Scholar 
                

	Brady JF, Xiao F, Wang MH, Li Y, Ning SM, Gapac JM, Yang CS (1991) Effects of disulfiram on hepatic P450IIE1, other microsomal enzymes, and hepatotoxicity in rats. Toxicol Appl Pharmacol 108:366–373
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Cederbaum AI, Wu D, Mari M, Bai J (2001) CYP2E1-dependent toxicity and oxidative stress in HepG2 cells. Free Radic Biol Med 31:1539–1543
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Clarke JJ, Sokal DC, Cancel AM, Campen DB, Gudi R, Wagner VO, San RH, Jacobson-Kram D (2001) Re-evaluation of the mutagenic potential of quinacrine dihydrochloride dehydrate. Mutat Res 494:41–53
PubMed 
    CAS 
    
                    Google Scholar 
                

	Doh-Ura K, Iwaki T, Caughey B (2000) Lysosomotropic agents and cysteine protease inhibitors inhibit scrapie-associated prion protein accumulation. J Virol 74:894–4897
Article 
    
                    Google Scholar 
                

	Eneanya DI, Bianchine JR, Duran DO, Andresen BD (1981) The actions and metabolic fate of disulfiram. Annu Rev Pharmacol Toxicol 21:575–596
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Guengerich FP, Kim DH, Iwasaki M (1991) Role of human cytochrome P-450 IIE1 in the oxidation of many low molecular weight cancer suspects. Chem Res Toxicol 4:168–179
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hecht SS (1998) Biochemistry, biology, and carcinogenicity of tobacco-specific N nitrosamines. Chem Res Toxicol 11:559–603
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hecht SS (1999) DNA adduct formation from tobacco-specific N-nitrosamines. Mutat Res 424:127–142
PubMed 
    CAS 
    
                    Google Scholar 
                

	Hecht SS, Hoffmann D (1989) The relevance of tobacco-specific nitrosamines to human cancer. Cancer Surv 8:273–294
PubMed 
    CAS 
    
                    Google Scholar 
                

	Hecht SS, Lin D, Castonguay A (1983) Effects of o-deuterium substitution on the mutagenicity of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK). Carcinogenesis 4:305–310
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Heinemann F, Assion HJ (1996) Hepatotoxic side-effect of chlormethiazole. Pharmacopsychiatry 29:196–197
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hoffmann D, Hecht SS (1990) Advances in tobacco carcinogenesis. In: Cooper CS, Grover PL (eds) Handbook of experimental pharmacology. Springer, Heidelberg

                    Google Scholar 
                

	Hungerford DA (1965) Leucocytes cultured from small inocula of whole blood and the preparation of metaphase chromosome by treatment with hypotonic KCI. Stain Technol 40:333–338
PubMed 
    CAS 
    
                    Google Scholar 
                

	Johansson I, Eliasson E, Norsten C, Ingelman-Sundberg M (1986) Hydroxylation of acetone by ethanol- and acetone-inducible cytochrome P-450 in liver microsomes and reconstituted membranes. FEBS Lett 196:59–64
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Koop DR (1992) Oxidative and reductive metabolism by cytochrome P450 2E1. FASEB J 6:724–730
PubMed 
    CAS 
    
                    Google Scholar 
                

	Lambert B, Lindblad A, Nordenskjold M, Werelius B (1978) Increased frequency of sister chromatid exchanges in cigarette smokers. Hereditas 88:147–149
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein measurement with Folin phenol reagent. J Biol Chem 193:265–275
PubMed 
    CAS 
    
                    Google Scholar 
                

	Maron D, Ames BN (1983) Revised methods for the salmonella mutagenicity test. Mutat Res 113:173–215
PubMed 
    CAS 
    
                    Google Scholar 
                

	Nakajima T, Elovaara E, Park SS, Gelboin HV, Hietanen E, Vainio H (1989) Immunochemical characterization of cytochrome P-450 isozymes responsible for benzene oxidation in the rat liver. Carcinogenesis 10:1713–1717
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Nelson DR, Koymans L, Kamataki T, Stegeman JJ, Feyereisen R, Waxman DJ, Waterman MR, Gotoh O, Coon MJ, Estabrook RW, Gunsalus IC, Nebert DW (1996) P450 superfamily: update on new sequences, gene mapping, accession numbers and nomenclature. Pharmacogenetics 6:1–42
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Perry P, Wolff PS (1974) New Giemsa method for the differential staining of sister chromatids. Nature 251:156–158
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Reinke LA, Moyer MJ (1985) p-Nitrophenol hydroxylation. A microsomal oxidation which is highly inducible by ethanol. Drug Metab Dispos 13:548–552
PubMed 
    CAS 
    
                    Google Scholar 
                

	Reyes S, Herrera LA, Ostrosky P, Sotelo J (2001) Quinacrine enhances carmustine therapy of experimental rat glioma. Neurosurgery 49:969–973
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Rivenson A, Hoffmann D, Prokopczyk B, Amin S, Hecht SS (1988) Induction of lung and exocrine pancreas tumors in F344 rats by tobacco-specific and Areca-derived N-nitrosamines. Cancer Res 48:6912–6917
PubMed 
    CAS 
    
                    Google Scholar 
                

	Rodriguez-Antona C, Ingelman-Sunberg M (2006) Cytochrome P450 pharmacogenetics and cancer. Oncogene 25:1679–1691
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Schneidman-Duhovny D, Nussinov R, Wolfson HJ (2002) Efficient unbound docking of rigid molecules. In: Guido R, Gusfield D (eds) Proceedings of the 2nd Workshop on Algorithms in Bioinformatics (WABI) Rome, Italy, Lecture Notes in Computer Science. Springer, Berlin

	Schneidman-Duhovny D, Inbar Y, Polak V, Shatsky M, Halperin I, Benyamini H, Barzilai A, Dror O, Haspel N, Nussinov R, Wolfson HJ (2003) Taking geometry to its edge: fast unbound rigid (and high-bent) docking. Proteins 52:107–112
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Schulemann W (1932) Synthetic anti-malarial preparations. Proc R Soc Med 25:897–905

                    Google Scholar 
                

	Smith TJ, Guo Z, Gonzalez FJ, Guengerich FP, Stoner GD, Yang CS (1992) Metabolism of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone in human lung and liver microsomes and cytochromes P-450 expressed in hepatoma cells. Cancer Res 52:1757–1763
PubMed 
    CAS 
    
                    Google Scholar 
                

	Smith TJ, Stoner GD, Yang CS (1995) Activation of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) in human lung microsomes by cytochromes P450, lipoxygenase, and hydroperoxides. Cancer Res 55:5566–5573
PubMed 
    CAS 
    
                    Google Scholar 
                

	Smith GB, Castonguay A, Donnelly PJ, Reid KR, Petsikas D, Massey TE (1999) Biotransformation of the tobacco-specific carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) in freshly isolated human lung cells. Carcinogenesis 20:1809–1818
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Smith GB, Bend JR, Bedard LL, Reid KR, Petsikas D, Massey TE (2003) Biotransformation of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) in peripheral human lung microsomes. Drug Metab Dispos 31:1134–1141
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Spatzenegger M, Liu H, Wang Q, Debarber A, Koop DR, Halpert JR (2003) Analysis of differential substrate selectivities of CYP2B6 and CYP2E1 by site-directed mutagenesis and molecular modeling. J Pharmacol Exp Ther 304:477–487
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Trafalis DT, Sambani C, Kapsimali V, Economidou J, Politis T, Catsoulacos P (1995) Effects of homo-aza-steroids on acute non-lymphocytic leukaemia cell proliferation in vitro. Br J Haematol 91:907–914
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Trafalis DTP, Geromichalos GD, Bountouroglou N, Koumbi D, Kontos M, Sougias D, Dalezis P, Karamanakos P, Papageorgiou A, Camoutsis C, Athanassiou AE (2005a) A preclinical survey on efficacy of lactandrate in the treatment of colon carcinoma. J BUON 10:227–234
PubMed 
    CAS 
    
                    Google Scholar 
                

	Trafalis DT, Tsavdaridis D, Camoutsis C, Karayiani V, Mourelatos D, Dalezis P, Athanassiou A, Pangalis GA, Papageorgiou A (2005b) Preclinical studies on NSC290205 aza-steroid alkylator activity in combination with adriamycin against lymphoid leukaemia. Br J Haematol 128:343–350
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Valentine WM, Amarnath V, Amarnath K, Graham DG (1995) Characterization of protein adducts produced by N-methyldithiocarbamate and N-methyldithiocarbamate esters. Chem Res Toxicol 8:254–261
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Williams PA, Cosme J, Sridhar V, Johnson EF, McRee DE (2000a) Structure of mammalian cytochrome P4502C5. In: Protein data bank. http://www.rcsb.org/pdb/explore/explore.do?structureId=1DT6. Cited 27 September 2000

	Williams PA, Cosme J, Sridhar V, Johnson EF, McRee DE (2000b) Microsomal cytochrome P450 2C5: comparison to microbial P450s and unique features. J Inorg Biochem 81:183–190
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Winters DK, Cederbaum AI (1992) Time course characterization of the induction of cytochrome P-4502E1 by pyrazole and 4-methylpyrazole. Biochem Biophys Acta 1117:15–24
PubMed 
    CAS 
    
                    Google Scholar 
                

	Yun CH, Miller GP, Guengerich FP (2001) Oxidations of p-alkoxyacylanilides catalyzed by human cytochrome P450 1A2: structure–activity relationships and simulation of rate constants of individual steps in catalysis. Biochemistry 40:4521–4530
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Pharmacology, Medical School, University of Ioannina, 451 10, Ioannina, Greece
Petros Nikolaos Karamanakos, P. Pappas, P. Harkitis, M. Konstandi & M. Marselos

	Department of Medical Oncology-A, Metaxa Cancer Hospital, Piraeus, Greece
D. T. P. Trafalis

	Department of Cell Culture, Molecular Modeling and Drug Design, Symeonidion Research Center, Theagenion Cancer Hospital, Thessaloniki, Greece
G. D. Geromichalos

	Department of Neurosurgery, University Hospital of Kuopio, Puijonlaaksontie 2, 70211, Kuopio, Finland
Petros Nikolaos Karamanakos


Authors	Petros Nikolaos KaramanakosView author publications
You can also search for this author in
                        PubMed Google Scholar



	D. T. P. TrafalisView author publications
You can also search for this author in
                        PubMed Google Scholar



	G. D. GeromichalosView author publications
You can also search for this author in
                        PubMed Google Scholar



	P. PappasView author publications
You can also search for this author in
                        PubMed Google Scholar



	P. HarkitisView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. KonstandiView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. MarselosView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Petros Nikolaos Karamanakos.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Karamanakos, P.N., Trafalis, D.T.P., Geromichalos, G.D. et al. Inhibition of rat hepatic CYP2E1 by quinacrine: molecular modeling investigation and effects on 4-(methyl nitrosamino)-1-(3-pyridyl)-1-butanone (NNK)-induced mutagenicity.
                    Arch Toxicol 83, 571–580 (2009). https://doi.org/10.1007/s00204-008-0350-6
Download citation
	Received: 27 June 2008

	Accepted: 07 August 2008

	Published: 27 August 2008

	Issue Date: June 2009

	DOI: https://doi.org/10.1007/s00204-008-0350-6


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
	CYP2E1
	Inhibition
	Quinacrine
	NNK
	Mutagenicity
	Molecular modeling








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.234.205.142
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    