
    
      Skip to main content
    

    


  
      


    
      
    
  
    
  
    
  
                
    
      Advertisement



  



    

  


  


  


  
  
    
  
    
  
                
    
      
  
    
  
        Main menu

    
  
  
    
  
    
  
      
  
  
    
  	Home
	Articles	Current Issue
	Fast Forward
	Latest Articles
	Special Sections
	Archive


	Information	Instructions to Authors
	Submit a Manuscript
	FAQs
	For Subscribers
	Terms & Conditions of Use
	Permissions


	Editorial Board
	Alerts	Alerts
	RSS Feeds


	[bookmark: Virtual Issues]Virtual Issues
	Feedback
	Submit



  


  
  



  
      
  
  
    
  	Other Publications	Drug Metabolism and Disposition
	Journal of Pharmacology and Experimental Therapeutics
	Molecular Pharmacology
	Pharmacological Reviews
	Pharmacology Research & Perspectives
	ASPET





  


  
  



  



  


  
  


  
        User menu

    
  
  
    
  
    
  
      
  
  
    
  	My alerts
	Log in
	 My Cart



  


  
  



  
      
  
  
    
  


  
  



  



  


  
  


  
        Search

    
  
  
    
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    	Advanced search

  


  
  



  



  


  
  




  



    

  



  
                
    
      
  
    
  
      
  
  
    [image: Journal of Pharmacology and Experimental Therapeutics]  


  
  



  



    

  


  


  


  
      
  	    
  
    
  
                
    
      	Other Publications	Drug Metabolism and Disposition
	Journal of Pharmacology and Experimental Therapeutics
	Molecular Pharmacology
	Pharmacological Reviews
	Pharmacology Research & Perspectives
	ASPET




    

  


  



  
    
  
                
    
      
  
    
  
      
  
  
    
  


  
  


  
      
  
  
    	My alerts
	Log in
	 My Cart

  


  
  



  



    

  


  


  


  
  
    
  
        
            
        [image: Journal of Pharmacology and Experimental Therapeutics]      

                

          



  
    
  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search
  


  
  



  



    

  


  


  

  
  
    
  
        
  
                
    
      	Home
	Articles	Current Issue
	Fast Forward
	Latest Articles
	Special Sections
	Archive


	Information	Instructions to Authors
	Submit a Manuscript
	FAQs
	For Subscribers
	Terms & Conditions of Use
	Permissions


	Editorial Board
	Alerts	Alerts
	RSS Feeds


	[bookmark: Virtual Issues]Virtual Issues
	Feedback
	Submit


    

  



  
                
    
      	 Visit jpet on Facebook
	 Follow jpet on Twitter
	 Follow jpet on LinkedIn

    

  


  



  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
		
		
			
			  
  
      
  
  
    
  
  
      Research ArticleGastrointestinal, Hepatic, Pulmonary, and Renal

  
      

  
      Rolipram Attenuates Bile Duct Ligation–Induced Liver Injury in Rats: A Potential Pathogenic Role of PDE4
  
    	 Leila Gobejishvili, Shirish Barve, Katja Breitkopf-Heinlein, Yan Li, JingWen Zhang, Diana V. Avila, Steven Dooley and Craig J. McClain


  
    	Journal of Pharmacology and Experimental Therapeutics October 2013,  347 (1) 80-90; DOI: https://doi.org/10.1124/jpet.113.204933 

  
  
  


Leila Gobejishvili 
Department of Internal Medicine (L.G., S.B., J.Z., D.V.A., C.J.M.) and Department of Pharmacology and Toxicology (S.B., D.V.A., C.J.M.), University of Louisville, Louisville, Kentucky; Department of Surgery, University of Louisville Medical Center, Louisville, Kentucky (Y.L.); VA Medical Center, Louisville, Kentucky (C.J.M.); University of Louisville Alcohol Research Center Louisville, Kentucky (L.G., S.B., J.Z., D.V.A., C.J.M.); and Department of Medicine II, Section Molecular Hepatology–Alcohol Associated Diseases, Medical Faculty Mannheim, Heidelberg University, Mannheim, Germany (K.B.-H., S.D.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Shirish Barve 
Department of Internal Medicine (L.G., S.B., J.Z., D.V.A., C.J.M.) and Department of Pharmacology and Toxicology (S.B., D.V.A., C.J.M.), University of Louisville, Louisville, Kentucky; Department of Surgery, University of Louisville Medical Center, Louisville, Kentucky (Y.L.); VA Medical Center, Louisville, Kentucky (C.J.M.); University of Louisville Alcohol Research Center Louisville, Kentucky (L.G., S.B., J.Z., D.V.A., C.J.M.); and Department of Medicine II, Section Molecular Hepatology–Alcohol Associated Diseases, Medical Faculty Mannheim, Heidelberg University, Mannheim, Germany (K.B.-H., S.D.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Katja Breitkopf-Heinlein 
Department of Internal Medicine (L.G., S.B., J.Z., D.V.A., C.J.M.) and Department of Pharmacology and Toxicology (S.B., D.V.A., C.J.M.), University of Louisville, Louisville, Kentucky; Department of Surgery, University of Louisville Medical Center, Louisville, Kentucky (Y.L.); VA Medical Center, Louisville, Kentucky (C.J.M.); University of Louisville Alcohol Research Center Louisville, Kentucky (L.G., S.B., J.Z., D.V.A., C.J.M.); and Department of Medicine II, Section Molecular Hepatology–Alcohol Associated Diseases, Medical Faculty Mannheim, Heidelberg University, Mannheim, Germany (K.B.-H., S.D.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Yan Li 
Department of Internal Medicine (L.G., S.B., J.Z., D.V.A., C.J.M.) and Department of Pharmacology and Toxicology (S.B., D.V.A., C.J.M.), University of Louisville, Louisville, Kentucky; Department of Surgery, University of Louisville Medical Center, Louisville, Kentucky (Y.L.); VA Medical Center, Louisville, Kentucky (C.J.M.); University of Louisville Alcohol Research Center Louisville, Kentucky (L.G., S.B., J.Z., D.V.A., C.J.M.); and Department of Medicine II, Section Molecular Hepatology–Alcohol Associated Diseases, Medical Faculty Mannheim, Heidelberg University, Mannheim, Germany (K.B.-H., S.D.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


JingWen Zhang 
Department of Internal Medicine (L.G., S.B., J.Z., D.V.A., C.J.M.) and Department of Pharmacology and Toxicology (S.B., D.V.A., C.J.M.), University of Louisville, Louisville, Kentucky; Department of Surgery, University of Louisville Medical Center, Louisville, Kentucky (Y.L.); VA Medical Center, Louisville, Kentucky (C.J.M.); University of Louisville Alcohol Research Center Louisville, Kentucky (L.G., S.B., J.Z., D.V.A., C.J.M.); and Department of Medicine II, Section Molecular Hepatology–Alcohol Associated Diseases, Medical Faculty Mannheim, Heidelberg University, Mannheim, Germany (K.B.-H., S.D.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Diana V. Avila 
Department of Internal Medicine (L.G., S.B., J.Z., D.V.A., C.J.M.) and Department of Pharmacology and Toxicology (S.B., D.V.A., C.J.M.), University of Louisville, Louisville, Kentucky; Department of Surgery, University of Louisville Medical Center, Louisville, Kentucky (Y.L.); VA Medical Center, Louisville, Kentucky (C.J.M.); University of Louisville Alcohol Research Center Louisville, Kentucky (L.G., S.B., J.Z., D.V.A., C.J.M.); and Department of Medicine II, Section Molecular Hepatology–Alcohol Associated Diseases, Medical Faculty Mannheim, Heidelberg University, Mannheim, Germany (K.B.-H., S.D.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Steven Dooley 
Department of Internal Medicine (L.G., S.B., J.Z., D.V.A., C.J.M.) and Department of Pharmacology and Toxicology (S.B., D.V.A., C.J.M.), University of Louisville, Louisville, Kentucky; Department of Surgery, University of Louisville Medical Center, Louisville, Kentucky (Y.L.); VA Medical Center, Louisville, Kentucky (C.J.M.); University of Louisville Alcohol Research Center Louisville, Kentucky (L.G., S.B., J.Z., D.V.A., C.J.M.); and Department of Medicine II, Section Molecular Hepatology–Alcohol Associated Diseases, Medical Faculty Mannheim, Heidelberg University, Mannheim, Germany (K.B.-H., S.D.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Craig J. McClain 
Department of Internal Medicine (L.G., S.B., J.Z., D.V.A., C.J.M.) and Department of Pharmacology and Toxicology (S.B., D.V.A., C.J.M.), University of Louisville, Louisville, Kentucky; Department of Surgery, University of Louisville Medical Center, Louisville, Kentucky (Y.L.); VA Medical Center, Louisville, Kentucky (C.J.M.); University of Louisville Alcohol Research Center Louisville, Kentucky (L.G., S.B., J.Z., D.V.A., C.J.M.); and Department of Medicine II, Section Molecular Hepatology–Alcohol Associated Diseases, Medical Faculty Mannheim, Heidelberg University, Mannheim, Germany (K.B.-H., S.D.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site




  


  
  



			

		

	
	
 	
	  
  
		
		
			
			  
  
      
  
  
    	Article
	Figures & Data
	Info & Metrics
	eLetters
	 PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Anti-inflammatory and antifibrotic effects of the broad spectrum phosphodiesterase (PDE) inhibitor pentoxifylline have suggested an important role for cyclic nucleotides in the pathogenesis of hepatic fibrosis; however, studies examining the role of specific PDEs are lacking. Endotoxemia and Toll-like receptor 4 (TLR4)-mediated inflammatory and profibrotic signaling play a major role in the development of hepatic fibrosis. Because cAMP-specific PDE4 critically regulates lipopolysaccharide (LPS)-TLR4–induced inflammatory cytokine expression, its pathogenic role in bile duct ligation-induced hepatic injury and fibrogenesis in Sprague-Dawley rats was examined. Initiation of cholestatic liver injury and fibrosis was accompanied by a significant induction of PDE4A, B, and D expression and activity. Treatment with the PDE4-specific inhibitor rolipram significantly decreased liver PDE4 activity, hepatic inflammatory and profibrotic cytokine expression, injury, and fibrosis. At the cellular level, in relevance to endotoxemia and inflammatory cytokine production, PDE4B was observed to play a major regulatory role in the LPS-inducible tumor necrosis factor (TNF) production by isolated Kupffer cells. Moreover, PDE4 expression was also involved in the in vitro activation and transdifferentiation of isolated hepatic stellate cells (HSCs). Particularly, PDE4A, B, and D upregulation preceded induction of the HSC activation marker α-smooth muscle actin (α-SMA). In vitro treatment of HSCs with rolipram effectively attenuated α-SMA, collagen expression, and accompanying morphologic changes. Overall, these data strongly suggest that upregulation of PDE4 expression during cholestatic liver injury plays a potential pathogenic role in the development of inflammation, injury, and fibrosis.
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