
    
      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

  
      

  
      Species Difference in the Inhibitory Effect of Nonsteroidal Anti-Inflammatory Drugs on the Uptake of Methotrexate by Human Kidney Slices
  
    	 Yoshitane Nozaki, Hiroyuki Kusuhara, Tsunenori Kondo, Masahiro Iwaki, Yoshiyuki Shiroyanagi, Hideki Nakayama, Shigeru Horita, Hayakazu Nakazawa, Teruo Okano and Yuichi Sugiyama


  
    	Journal of Pharmacology and Experimental Therapeutics September 2007,  322 (3) 1162-1170; DOI: https://doi.org/10.1124/jpet.107.121491 

  
  
  


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


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


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


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


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


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


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


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


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


Yuichi Sugiyama 
	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

        Simultaneous use of nonsteroidal anti-inflammatory drugs (NSAIDs), probenecid, and other drugs has been reported to delay the plasma elimination of methotrexate in patients. Previously, we have reported that inhibition of the uptake process cannot explain such drug-drug interactions using rats. The present study quantitatively evaluated the possible role of the transporters in such drug-drug interactions using human kidney slices and membrane vesicles expressing human ATP-binding cassette (ABC) transporters. The uptake of methotrexate by human kidney slices was saturable with a Km of 45 to 49 μM. Saturable uptake of methotrexate by human kidney slices was markedly inhibited by p-aminohippurate and benzylpenicillin, but only weakly by 5-methyltetrahydrofolate. These transport characteristics are similar to those of a basolateral organic anion transporter (OAT) 3/SLC22A8. NSAIDs and probenecid inhibited the uptake of methotrexate by human kidney slices, and, in particular, salicylate, indomethacin, phenylbutazone, and probenecid were predicted to exhibit significant inhibition at clinically observed plasma concentrations. Among ABC transporters, such as BCRP/ABCG2, multidrug resistance-associated protein (MRP) 2/ABCC2, and MRP4/ABCC4, which are candidates for the luminal efflux of methotrexate, ATP-dependent uptake of methotrexate by MRP4-expressing membrane vesicles was most potently inhibited by NSAIDs. Salicylate and indomethacin were predicted to inhibit MRP4 at clinical plasma concentrations. Diclofenac-glucuronide significantly inhibited MRP2-mediated transport of methotrexate in a concentration-dependent manner, whereas naproxen-glucuronide had no effect. Inhibition of renal uptake (via OAT3) and efflux processes (via MRP2 and MRP4) explains the possible sites of drug-drug interaction for methotrexate with probenecid and some NSAIDs, including their glucuronides.
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