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    Abstract

        Decreased glutathione (GSH) levels and γ-glutamylcysteine ligase (GCL) activity have been observed in diabetic patients, and insulin reportedly increases GSH synthesis via increased GCL catalytic subunit (GCLC) gene expression. The signaling pathways responsible for mediating insulin effects on GCLC expression and GSH levels, however, are unknown. The signaling pathways involved in the regulation of GSH synthesis in response to insulin were examined in primary cultured rat hepatocytes. GSH levels, GCL activity, GCLC protein, and mRNA levels were increased to 140, 160, 600, and 340% of that monitored in untreated cells, respectively, in hepatocytes cultured with 100 nM insulin. The phosphatidylinositol 3-kinase (PI3K) inhibitors, wortmannin and LY294002 [2-(4-morpholinyl)-9-phenyl-4H-1-benzopyran-4-one], dominant-negative Akt, or rapamycin, an inhibitor of mTOR (mammalian target of rapamycin) and ribosomal p70 S6 kinase (p70S6K) phosphorylation, inhibited the insulin-mediated increase in GCLC protein and GSH levels. Although the mitogen-activated protein kinases (MAPKs) extracellular signal-regulated kinase, p38 MAPK, and JNK (c-Jun N-terminal kinase) were activated in response to insulin, PD98059 (2′-amino-3′-methoxyflavone), an inhibitor of mitogen-activated protein kinase kinase, SP600125 (1,9-pyrazoloanthrone), an inhibitor of JNK, and SB203580 [4-(4-fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-pyridyl)1H-imidazole], an inhibitor of p38 MAPK, failed to inhibit the insulin-mediated increase in GCLC protein levels. In conclusion, these data show that insulin signaling pathways involving PI3K/Akt/p70S6K, but not MAPKs, are active in the insulin-mediated regulation of GSH synthesis via increased GCLC expression.

      
Footnotes
	
        This work was supported by the National Institutes of Health Grant ES03656 to R.F.N. and by the Cell Culture, Imaging and Cytometry, and Microarray and Bioinformatics Facility Cores of Environmental Health Sciences Center Grant P30 ES06639 from the National Institute of Environmental Health Sciences.

      
	
        doi:10.1124/jpet.104.070375.

      
	
        ABBREVIATIONS: GSH, glutathione; GCL, γ-glutamylcysteine ligase; GCLC, GCL catalytic subunit; GCLR, GCL regulatory subunit; PI3K, phosphatidylinositol 3-kinase; p70S6K, ribosomal p70 S6 kinase; PKC, protein kinase C; MAPK, mitogen-activated protein kinase; ERK, extracellular signal-regulated kinase; JNK, c-Jun N-terminal kinase; PD98059, 2′-amino-3′-methoxyflavone; LY294002, 2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one; SB203580, 4-(4-fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-pyridyl)1H-imidazole; U0126, 1,4-diamino-2,3-dicyano-1,4-bis(2-aminophenylthio) butadiene; SP600125, 1,9-pyrazoloanthrone; DMSO, dimethyl sulfoxide; AdV-GFP, GFP-expressing adenovirus; AdV-Akt, adenovirus containing a dominant-negative kinase-dead mutant of Akt; MOI, multiplicity of infection; MEK, mitogen-activated protein kinase kinase; PCR, polymerase chain reaction; GFP, green fluorescent protein; PAGE, polyacrylamide gel electrophoresis; PBS, phosphate-buffered saline.

      
	
        
        ↵1 Present address: College of Pharmacy and Research Center for Transgenic Cloned Pigs, Chungnam National University, Daejeon, 305-764, South Korea.

      
		Received April         20, 2004.
	Accepted May         27, 2004.




	The American Society for Pharmacology and Experimental Therapeutics



View Full Text
  


  
  



  
      
  
  
    
	  
		
		
			
			  
  
      
  
  
    
  
      
  
    	
			JPET articles become freely available 12 months after publication, and remain freely available for 5 years. 


			Non-open access articles that fall outside this five year window are available only to institutional subscribers and current ASPET members, or through the article purchase feature at the bottom of the page. 


			 


				Click here for information on institutional subscriptions.
	Click here for information on individual ASPET membership.


			



 

  




  


  
  



			

		

	
	
 	
	  
  
		
		
			
			  
  
      
  
  
    Log in using your username and password

  Username *
 



  Password *
 





Forgot your user name or password?




Purchase access
You may purchase access to this article. This will require you to create an account if you don't already have one.

  


  
  



			

		

	
	
 	
	
	


  


  
  



  





  


  
  



  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
        In this issue

    
  
  
    
  
    
  
      
  
  
    
    
      [image: Journal of Pharmacology and Experimental Therapeutics: 311 (1)]

  
  
      
      
          Journal of Pharmacology and Experimental Therapeutics      
      
        	Vol. 311, Issue 1 1 Oct 2004 


      
      
        		Table of Contents
	About the Cover
	Index by author




      




  


  
  



  



  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Download PDF  


  
  


  
      
  
  
     Article Alerts

  
    
  
      
  
  
    
  User Name *
 



  Password *
 


Sign In to Email Alerts with your Email Address

  Email *
 








  


  
  



  





  


  
  


  
      
  
  
     Email Article

  
    
  
      
  
  
    
 Thank you for sharing this Journal of Pharmacology and Experimental Therapeutics article.
NOTE: We request your email address only to inform the recipient that it was you who recommended this article, and that it is not junk mail. We do not retain these email addresses.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Insulin Signaling Regulates γ-Glutamylcysteine Ligase Catalytic Subunit Expression in Primary Cultured Rat Hepatocytes



  Message Subject 
 (Your Name) has forwarded a page to you from Journal of Pharmacology and Experimental Therapeutics



  Message Body 
 (Your Name) thought you would be interested in this article in Journal of Pharmacology and Experimental Therapeutics.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.










  


  
  



  





  


  
  


  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      
  
  
      Research ArticleCELLULAR AND MOLECULAR

  
  
      Insulin Signaling Regulates γ-Glutamylcysteine Ligase Catalytic Subunit Expression in Primary Cultured Rat Hepatocytes
  
    	 Sang K. Kim, Kimberley J. Woodcroft, Sarah S. Khodadadeh and Raymond F. Novak


  
    	Journal of Pharmacology and Experimental Therapeutics October 1, 2004,  311 (1) 99-108; DOI: https://doi.org/10.1124/jpet.104.070375 

  
  
  



  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  


  
        

    
  
  
    
  


  
  



          

        

        
        
          
            
  
      
  
  
     Share  


  
  


  
      
  
  
    
  
    
  
      
  
  
    
  
  
      Research ArticleCELLULAR AND MOLECULAR

  
  
      Insulin Signaling Regulates γ-Glutamylcysteine Ligase Catalytic Subunit Expression in Primary Cultured Rat Hepatocytes
  
    	 Sang K. Kim, Kimberley J. Woodcroft, Sarah S. Khodadadeh and Raymond F. Novak


  
    	Journal of Pharmacology and Experimental Therapeutics October 1, 2004,  311 (1) 99-108; DOI: https://doi.org/10.1124/jpet.104.070375 

  
  
  



  


  
  



  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  
      
  
  
    [image: Reddit logo] [image: Twitter logo] [image: Facebook logo] [image: Mendeley logo]
  


  
  



  



  


  
  


  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  



          

        

	
 	
	
	


  


  
  



  
        Jump to section

    
  
  
    	Article	Abstract
	Materials and Methods
	Results
	Discussion
	Footnotes
	References



	Figures & Data
	Info & Metrics
	eLetters
	 PDF



  


  
  



  
      
  
  
    
  
     Related Articles


 Cited By...


 More in this TOC Section
	
  
  
  
  
      N-Acetylcysteine Effects on Mouse Pre–B-ALL Progression  
  
  
  
  




	
  
  
  
  
      Effect of CBG and EAA on UVA-Irradiated Keratinocytes  
  
  
  
  




	
  
  
  
  
      Detecting Cancer-Immune Intercellular Interactions  
  
  
  
  






Show more Cellular and Molecular

 Similar Articles






  



  


  
  



  
      
  
  
    
  


  
  



  
      
  
  
    
  
    
  
      
  
  
    Advertisement



  



  


  
  



  



  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
      
    
  
    
  
    
  
                
    
      
  
    
  
      
  
  
    
  
      
  
    

	Home
	Alerts




Facebook   Twitter   LinkedIn   RSS
  




  


  
  



  

  
    
  
        Navigate

    
  
  
    	Current Issue
	Fast Forward by date
	Fast Forward by section
	Latest Articles
	Archive
	Search for Articles
	Feedback
	ASPET

  


  
  



  

  
    
  
        More Information

    
  
  
    	About JPET
	Editorial Board
	Instructions to Authors
	Submit a Manuscript
	Customized Alerts
	RSS Feeds
	Subscriptions
	Permissions
	Terms & Conditions of Use

  


  
  



  

  
    
  
        ASPET's Other Journals

    
  
  
    	Drug Metabolism and Disposition
	Molecular Pharmacology
	Pharmacological Reviews
	Pharmacology Research & Perspectives

  


  
  



  


    

  


  


  

  
  
    
  
    
  
                
    
      
  
    
  
      
  
  
    
  
      
  
    ISSN 1521-0103 (Online)


Copyright © 2024 by the American Society for Pharmacology and Experimental Therapeutics

  




  


  
  



  



    

  


  


  

  
    
  
      







  