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                    Abstract
Transepithelial H+ transport was studied in diluting segments of the isolated-perfused kidney ofrana esculenta. The experiments were performed in controls as well as in K+-adapted and Na+-adapted animals (exposed to 50 mmol/l KCl or NaCl, resp. for at least 3 days). Conventional and single-barreled, liquid ion-exchanger H+-sensitive microelectrodes were applied in the tubule lumen to evaluate transepithelial H+ net flux (J

                  Hte
                  
                ) as well as limiting transepithelial electrical and H+ electrochemical potential differences (PD

                  te
                ,E

                  Hte
                  
                ) and luminal pH at zero net flux conditions. The measurements were made in absence (control) and presence of furosemide (5·10−5 mol/l) or amiloride (10−3 mol/l).

E

                  Hte
                  
                (lumen positive vs ground) was 19±3 mV in controls, 43±3 mV in K+ adapted but about zero in Na+ adapted animals. Using the correspondingPD

                  te
                -values, steady state luminal pH of 7.63±0.05, 7.13±0.05 and 8.02±0.02 was calculated for the respective groups of animals (peritubular pH 7.80). In parallel, significant secretoryJ

                  Hte
                  
                (from blood to lumen) was found in controls (14±2 pmol·cm−2·S−1) which was stimulated by K+ adaptation (61±8 pmol·cm−2·s−1) but reversed in direction by Na+-adaptation (−8±1 pmol·cm−2·s−1). Amiloride inhibited secretoryJ

                  Hte
                  
                . Elimination of the lumen positivePD

                  te
                by furosemide did not affect significantlyE

                  Hte
                  
                 andJ

                  Hte
                  
                 in control and K+ adapted animals but abolished reabsorptiveJ

                  Hte
                  
                 in Na+ adapted animals.
We conclude that in frog diluting segment H+ secretion is an active, amiloride-sensitive, furosemide-insensitive transport process. The data are consistent with luminal Na+/H+ exchange. The activity of this system depends critically on the metabolic state of the animal.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Role of the low-selective organic anion transport in regulation of osmotic balance of renal collecting duct principal cells under hypo-osmotic conditions
                                        
                                    

                                    
                                        Article
                                        
                                         01 March 2017
                                    

                                

                                G. S. Baturina, L. E. Katkova, … L. N. Ivanova

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Stationary and Nonstationary Ion and Water Flux Interactions in Kidney Proximal Tubule: Mathematical Analysis of Isosmotic Transport by a Minimalistic Model
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        AVP dynamically increases paracellular Na+ permeability and transcellular NaCl transport in the medullary thick ascending limb of Henle’s loop
                                        
                                    

                                    
                                        Article
                                        
                                         06 December 2016
                                    

                                

                                Nina Himmerkus, Allein Plain, … Markus Bleich

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Al-Awqati Q (1978) H+ transport in urinary epithelia. Am J Physiol 235:F77-F88

                    Google Scholar 
                

	Ammann D (1981) Neutral carrier based hydrogen ion selective microelectrode for extra- and intracellular studies. Anal Chem 53:2267

                    Google Scholar 
                

	Ammann D, Bissig R, Cimerman Z, Fiedler U, Güggi M, Morf WE, Oehme M, Osswald H, Poetsch E, Simon W (1976) Synthetic neutral carriers for cations. In: Kessler M, Clark Jr. LC, Lübbers DW, Silver IA, Simon W (eds) Ion and enzyme electrodes in biology and medicine. Urban & Schwarzenberg, München Berlin Wien, p 22

                    Google Scholar 
                

	Benos DJ (1982) Amiloride: a molecular probe of sodium transport in tissue and cells. Am J Physiol 242:C131-C145

                    Google Scholar 
                

	Bichara M, Paillard M, Leviel F, Prigent A, Gradin JP (1983) Na:H exchange and the primary H pump in the proximal tubule. Am J Physiol (Renal Fluid Electrolyte Physiol 13) 244:F165-F171

                    Google Scholar 
                

	Boron WF, Boulpaep EL (1983) Intracellular pH regulation in the renal proximal tubule of the salamander: Na−H exchange. J Gen Physiol 81:29–52

                    Google Scholar 
                

	Burg M, Good D (1983) Sodium chloride coupled transport in mammalian nephrons. Annu Rev Physiol 45:533–547

                    Google Scholar 
                

	Davis CW, Finn AL (1982) Sodium transport inhibition by amiloride reduces basolateral membrane potassium conductance in tight epithelia. Science 216:525–527

                    Google Scholar 
                

	Giebisch G (1979) Renal potassium transport. In: Giebisch G, Tosteson D, Ussing HH (eds) Transport across biological membranes. Springer, Berlin Heidelberg New York

                    Google Scholar 
                

	Good DW, Knepper MA, Burg MB (1984) Ammonia and bicarbonate transport by thick ascending limb of rat kidney. Am J Physiol (in press)

	Greger R, Schlatter E, Lang F (1983) Evidence for electroneutral chloride cotransport in the cortical thick ascending limb of Henle's loop for rabbit kidney. Pflügers Arch 36:308–314

                    Google Scholar 
                

	Greger R, Schlatter E (1983a) Properties of the lumen membrane of the cortical thick ascending limb of Henle's loop of rabbit kidney. Pflügers Arch 396:325–334

                    Google Scholar 
                

	Greger R, Schlatter E (1983b) Properties of the basolateral membrane of the cortical thick ascending of Henle's loop of rabbit kidney. A model for secondary active chloride transport. Pflügers Arch 396:15–324

                    Google Scholar 
                

	Guggino WB, Oberleithner H, Giebisch G (1984) Relationship between cell volume and ion transport in the early distal tubule of the amphiuma kidney. J Gen Physiol (submitted)

	Guggino WB, Stanton BA, Giebisch G (1982) Regulation of apical potassium conductance in the isolated early distal tubule of the Amphiuma kidney. Biophysical J 37:338

                    Google Scholar 
                

	Kinne-Saffran E, Beauwens R, Kinne R (1982) An ATP-driven proton pump in brush-border membranes from rat renal cortex. J Membrane Biol 64:67–76

                    Google Scholar 
                

	Kinsella JL, Aronson PS (1981) Amiloride inhibition of the Na+−H+ exchanger in renal microvillus membrane vesicles. Am J Physiol 241:F374-F379

                    Google Scholar 
                

	Koeppen BM, Helman SI (1982) Acidification of luminal fluid by the rabbit cortical collecting tubule perfused in vitro. Am J Physiol (Renal Fluid Electrolyte Physiol 11) 242:F5211-F531

                    Google Scholar 
                

	Malnic G, de Mello Aires M, Giebisch G (1971) Potassium transport across renal distal tubules during acid-base disturbances. Am J Physiol 221:1192–1208

                    Google Scholar 
                

	Maser C, Janssens PA, Hanke W (1982) Stimulation of interrenal secretion in amphibia. I. Direct effects of electrolyte concentration on steroid release. Gen Comp Endocrinol 47:458–466

                    Google Scholar 
                

	Murer H, Hopfer U, Kinne R (1976) Sodium/proton antiport in bush-border-membrane vesicles isolated from rat small intestine and kidney. Biochem J 154:597–604

                    Google Scholar 
                

	Oberleithner H, Guggino W, Giebisch G (1981) The cellular mechanism of potassium adaptation in the distal amphibian nephron. J Physiol 318:55

                    Google Scholar 
                

	Oberleithner H, Guggino W, Giebisch G (1982) Mechanism of distal tubular chloride transport in Amphiuma kideny. Am J Physiol 242:F331-F339

                    Google Scholar 
                

	Oberleithner H, Guggino W, Giebisch G (1983) Potassium transport in the early distal tubule of kidney. Effects of potassium adaptation. Pflügers Arch 396:185–191

                    Google Scholar 
                

	Oberleithner H, Lang F (1984) Cytotoxic effect of choline, abolished by furosemide, in the diluting segment of frog kidney. Pflügers Arch 401:315–317

                    Google Scholar 
                

	Oberleithner H, Lang F, Wang W, Deetjen P (1982) Potassium (K+)-adaptation affects chloride (Cl−) reabsorption in the diluting segment of Amphiuma. Nieren- und Hochdruckkrankheiten 5:180

                    Google Scholar 
                

	Oberleithner H, Lang F, Wang W, Giebisch G (1982) Effects of inhibition of chloride transport on intracellular sodium activity in distal amphibian nephron. Pflügers Arch 394:55–60

                    Google Scholar 
                

	Oberleithner H, Lang F, Wang W, Messner G, Deetjen P (1983) Evidence for an amiloride sensitive Na+ pathway in the amphibian diluting segement induced by K+ adaptation. Pflügers Arch 399:166–172

                    Google Scholar 
                

	Oberleithner H, Guggino W, Giebisch G (1983) The effect of furosemide on luminal sodium, chloride and potassium transport in the early distal tubule of Amphiuma kidney. Effects of potassium adaptation. Pflügers Arch 396:27–33

                    Google Scholar 
                

	Oberleithner H, Lang F, Greger R, Wang W, Giebisch G (1983) Effect of luminal potassium on cellular sodium activity in the early distal tubule of Amphiuma kidney. Pflügers Arch 396:34–40

                    Google Scholar 
                

	Oberleithner H, Ritter M, Lang F, Guggino W (1983) Anthracene-9-carboxylic acid inhibits renal chloride reabsorption. Pflügers Arch 398:172–174

                    Google Scholar 
                

	Schwartz GJ (1981) Na+-dependent H+ efflux from proximal tubule: evidence for reversible Na+−H+ exchange. Am J Physiol 241:F380-F385

                    Google Scholar 
                

	Stanton B, Biemesderfer D, Stetson D, Kashgarian M, Giebisch G (1984) Cellular ultrastructure ofAmphiuma distal nephron: Effects of exposure to potassium. Am J Physiol (in press)

	Stanton B, Biemesderfer D, Wade J, Giebisch G (1981) Structural and functional study of the rat distal nephron: effect of potassium adaptation and depletion. Kidney Int 19:36–48

                    Google Scholar 
                

	Steiner RA, Oehme M, Ammann D, Simon W (1979) Neutral carrier sodium ion-selective microelectrode for intracellular studies. Anal Chem 51:351–353

                    Google Scholar 
                

	Ullrich KJ, Capasso G, Rumrich G, Papavassiliou F, Klöss S (1977) Coupling between proximal tubular transport processes. Pflügers Arch 368:245–252

                    Google Scholar 
                

	Wang W, Messner G, Oberleithner H, Lang F, Deetjen P (1984) The effect of Ouabain on intracellular activities of K+, Na+, Cl−, H+, and Ca2+ in proximal tubules of frog kidneys. Pflügers Arch 401:6–13

                    Google Scholar 
                

	Weinman SA, Reuss L (1982) Na+−H+ exchange at the apical membrane of Necturus gallbladder. J Gen Physiol 80:299–321

                    Google Scholar 
                

	Weinmann SA, Reuss L (1984) Na+−H+ exchange and Na+ entry across the apical membrane of necturus gallbladder. J Gen Physiol 83:57–74

                    Google Scholar 
                

	Wiederholt M, Sullivan WH, Giebisch G (1971) Potassium and sodium transport across single distal tubules of Amphiuma. J Gen Physiol 57:495–525

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Institut für Physiologie, Universität Würzburg, Röntgenring 9, D-8700, Würzburg, Federal Republic of Germany
Hans Oberleithner

	Universität Innsbruck, Fritz-Preglstr 3, A-6010, Innsbruck, Austria
Florian Lang & Georg Messner

	Harbin Medical College, Harbin, Peoples Republic of China
Wenhui Wang


Authors	Hans OberleithnerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Florian LangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Georg MessnerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Wenhui WangView author publications
You can also search for this author in
                        PubMed Google Scholar







Additional information
This work was supported by österr. Forschungsrat, Proj. No.: 4366 and by Dr. Legerlotz Stiftung


About this article
Cite this article
Oberleithner, H., Lang, F., Messner, G. et al. Mechanism of hydrogen ion transport in the diluting segment of frog kidney.
                    Pflugers Arch. 402, 272–280 (1984). https://doi.org/10.1007/BF00585510
Download citation
	Received: 27 March 1984

	Accepted: 16 July 1984

	Issue Date: November 1984

	DOI: https://doi.org/10.1007/BF00585510


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
                        


Key words
	H+ transport
	Na+/H+ exchange
	Amiloride
	Furosemide
	Diluting segment
	Frog kidney








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.158.15.130
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    