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                    Abstract

                	
                    1.
                    
                      Ventricular myocytes were isolated by means of collagenase and hyaluronidase. Hearts of rats or guinea pigs were perfused in a retrograde manner; bovine ventricular tissue was incubated in from of tissue chunks.

                    
                  
	
                    2.
                    
                      In “low Ca medium” (aCa=1 μM), the myocytes beat spontaneously. Resting potentials of −4 mV and input resistances of 1 MΩ, associated with a fast decay of aKi, indicated “hyperpermeability” of the cell membrane. Within 2 h, the cells aged: they granulated (swelling of mitochondria), contracted, rounded up and finally disaggregated. When the superfusate was changed to Tyrode solution (3.6 mM CaCl2), 90–98% of those cells responded with the “Ca paradox”. Initially, aCai increased from 0.2 μM to >10 μM, and the sarcomere length (SL) shortened to <1.5 μm. Within the following 3 min aCai renormalized but the contracture was sustained. After another 5 min, the SL shortened to <1.2 μm, but a delay of 1–2 min passed before aCai started to increase towards aCa0. The 2–10% Ca tolerant cells beat spontaneously. Their resting potentials were between −10 and −70 mV, their input resistances between 4 and 20 MΩ. Repolarization by anodal current flow could restore the sodium spike but not the plateau of the action potential.

                    
                  
	
                    3.
                    
                      Freshly prepared myocytes were pre-incubated in a KB medium composed of 85 mM KCl, 30 mM K2HPO4, 5 mM MgSO4, 5 mM Na2ATP, 5 mM pyruvate, 5 mM succinate, 5 mM β-OH-butyrate, 5 mM creatine, adjusted with KOH to pH 7.2 and with EGTA to pCa 7.5. The minimum time of preincubation was 1 h, the maximum 5 days when the cells were stored at 5°C. The conditioning with the KB medium improved both Ca tolerance and electrophysiology significantly. About 70% of the rod shaped myocytes were Ca tolerant. These cells had resting potentials between −75 and −90 mV, the membrane resistances were around 7 kΩ×cm2. The action potentials showed well pronounced plateaus and lasted for 125 ms (rat), 300 ms (guinea pig) or 400 ms (bovine). Their shape showed the typical species related pecularities.

                    
                  
	
                    4.
                    
                      We discuss that both ageing and Ca intolerance of the un-conditioned cells result from Ca overload through the hyperpermeable membrane, and that Ca overload causes ATP depletion via mitochondrial disfunction. The constituents of the KB medium may act to prevent these processes.

                    
                  


              


                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Effect of Sodium Ions on Calcium-Loaded Rat Heart Mitochondria and Frog Myocardium
                                        
                                    

                                    
                                        Article
                                        
                                         01 November 2021
                                    

                                

                                S. M. Korotkov, K. V. Sobol, … V. P. Nesterov

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Gadolinium as an Inhibitor of Ionic Currents in Isolated Rat Ventricular Cardiomyocytes
                                        
                                    

                                    
                                        Article
                                        
                                         27 November 2019
                                    

                                

                                A. L. Shim, A. G. Kamkin, … D. V. Abramochkin

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Long-Term IL-2 Incubation-Induced L-type Calcium Channels Activation in Rat Ventricle Cardiomyocytes
                                        
                                    

                                    
                                        Article
                                        
                                         10 July 2018
                                    

                                

                                Tatiana Filatova, Vadim Mitrokhin, … Andre Kamkin

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Altschuld R, Gibb L, Ansel A, Hohl C, Kruger FA, Brierly GP (1980) Calcium tolerance of isolated heart cells. J Mol Cell Cardiol 12:1383–1395

                    Google Scholar 
                

	Bates RC (1973) Ion activity scales for use with selective ion sensitive electrodes. Pure Appl Chem 30:407–421

                    Google Scholar 
                

	Baumgarten CM, Cohen CJ, McDonald TF (1981) Heterogeneity of intracellular potassium activity and membrane potential in hypoxic guinea pig ventricle. Circ Res 49:1181–1189

                    Google Scholar 
                

	Berry MN, Friend DS, Scheuer J (1970) Morphology and metabolism of intact muscle cells isolated from adult rat heart. Circ Res 26:679–687

                    Google Scholar 
                

	Bishop SP, Drummond JL (1979) Surface morphology and cell size measurement of isolated rat cardiac myocytes. J Mol Cell Cardiol 11:423–433

                    Google Scholar 
                

	Burns AH, Reddy WJ (1977) Effects of certain amino and organic acid constituents of plasma on oxygen consumption and substrate utilization by isolated cardiac myocytes. Fed Proc 36:1482

                    Google Scholar 
                

	Burton K, Templeton GH, Hagler HK, Willerson JT, Buja LM (1980) Effect of glucose availability on functional membrane integrity, ultrastructure and contractile performance following hypoxia and reoxigenation in isolated feline cardiac muscle. J Mol Cell Cardiol 12:109–133

                    Google Scholar 
                

	Bustamante JO, Watanabe T, McDonald TF (1981) Single cells from adult mammalian heart: isolation procedure and preliminary electrophysiological studies. Can J Physiol Pharmacol 59:907–910

                    Google Scholar 
                

	Carafoli E, Crompton M (1978) The regulation of intracellular calcium by mitochondria. Ann NY Acad Sci 307:269–284

                    Google Scholar 
                

	Carmeliet E (1978) Cardiac transmembrane potentials and metabolism. Circ Res 42:577–587

                    Google Scholar 
                

	Carlson EC, Grosso DS, Romero SA, Frangakis CJ, Buyus CV, Bressler R (1978) Ultrastructural studies of metabolically active isolated adult rat heart myocytes. J Mol Cell Cardiol 10:449–459

                    Google Scholar 
                

	Chovan J, Kramer J, Schaffer S (1979) Protection by taurine of calcium paradox damage. J Mol Cell Cardiol 11:15

                    Google Scholar 
                

	Clark MG, Gannon BJ, Bodkin N, Patten GS, Berry MN (1978) An improved procedure for the high-yield preparation of intact beating heart cells from the adult rat. Biochemical and morphological studies. J Mol Cell Cardiol 10:1101–1121

                    Google Scholar 
                

	Cohen CJ, Fozzard HA, Scheu SS (1982) Increase in the intracellular sodium activity during stimulation in mammalian cardiac tissue. Circ Res (in press)

	Crevey BJ, Langer GA, Frank JS (1978) Role of Ca2+ in maintenance of rabbit myocardial cell membrane structural and functional integrity. J Mol Cell Cardiol 10:1101–1121

                    Google Scholar 
                

	Dahl G, Isenberg G (1980) Decoupling of heart muscle cells: correlation with increased cytoplasmic calcium activity and with changes of nexus ultrastructure. J Membr Biol 53:63–75

                    Google Scholar 
                

	Dani AM, Cittadini G, Flamini G, Festuccia G, Terranova T (1977) Preparation and some properties of isolated beating myocytes from adult rabbit heart. J Mol Cell Cardiol 9:777–784

                    Google Scholar 
                

	Dani AM, Cittadini A, Inesi G (1979) Calcium transport and contractile activity in dissociated mammalian heart cells. Am J Physiol 237:C147-C155

                    Google Scholar 
                

	Dow JW, Harding NGL, Powell T (1981) Isolated cardiac myocytes. I. Preparation of adult myocytes and their homology with intact tissue. Cardiovasc Res 15:483–514

                    Google Scholar 
                

	Dreyer F, Peper K (1974) Iontophoretic application of acetylcholine: advantage of high resistance micropipettes in connection with an electronic current pump. Pflügers Arch 348:253–272

                    Google Scholar 
                

	Emberson JW, Muir AR (1969) Changes in the ultrastructure of rat myocardium induced by hyperkalaemia. J Anat 104:411–421

                    Google Scholar 
                

	Fabiato A (1981) Myoplasmic free calcium concentration reached during the twitch of an intact isolated cardiac cell and during calcium-induced release of calcium from the sacoplasmic reticulum of a skinned cardiac cell from the adult rat or rabbit ventricle. J Gen Physiol 78:457–497

                    Google Scholar 
                

	Fabiato A, Fabiato F (1972) Excitation-contraction coupling of isolated cardiac fibers with disrupted or closed sarcolemmas. Calcium-dependent cyclic and tonic contractions. Circ Res 31:293–307

                    Google Scholar 
                

	Farmer BR, Harris RA, Jolly WW, Hathaway DR, Katzberg A, Watanabe AM, Whitelow AL, Besch HR (1977) Isolation and characterization of adult rat heart cells. Arch Biochem Biophys 197:454–558

                    Google Scholar 
                

	Fedulova SA, Kostyuk PG, Veselovsky NS (1981) Calcium channels in the somatic membrane of the rat dorsal root ganglion neurons, effect of cAMP. Brain Res 214:210–214

                    Google Scholar 
                

	Fleckenstein A (1971) Specific inhibitors and promotors of calcium action in the excitation-contraction coupling of heart muscle and their role in preventing or production of myocardial lesions. In: Harris P, Opie L (eds) Calcium and the Heart. Academic Press, London, pp 135–188

                    Google Scholar 
                

	Fromm M, Schultz SG (1981) Some properties of KCl-filled microelectrodes: correlation of potassium “leakage” with tip resistance. J Membr Biol 62:239–244

                    Google Scholar 
                

	Fry DM, Scales D, Inesi G (1979) The ultrastructure of membrane alterations of enzymatically dissociated cardiac myocytes. J Mol Cell Cardiol 11:1151–1163

                    Google Scholar 
                

	Glick MR, Burns AH, Reddy WJ (1974) Dispersion and isolation of beating cells from adult rat heart. Anal Biochem 61:32–42

                    Google Scholar 
                

	Gould RP, Powell T (1972) Intact isolated muscle cells from adult rat heart. J Physiol (Lond) 225:16P-19P

                    Google Scholar 
                

	Grupp H, Grupp I, Schwarz A (1980) Lack of effect of neuraminidase on response of isolated guinea-pig heart preparations to ouabain. J Mol Cell Cardiol 12:1271–1274

                    Google Scholar 
                

	Harding SE, Halliday J (1980) Removal of sialic acid from cardiac sarcolemma does not affect contractile function in electrically stimulated guinea pig left atria. Nature 286:819–821

                    Google Scholar 
                

	Haworth RA, Hunter DR, Berkoff HA (1981) Contracture in isolated adult rat heart cells. Role of Ca2+, ATP, and compartmentation. Circ Res 49:1119–1128

                    Google Scholar 
                

	Hearse DJ, Humphrey SM, Bullock GR (1978) The oxygen paradox and the calcium paradox: two facets of the same problem? J Mol Cell Cardiol 10:641–668

                    Google Scholar 
                

	Holubarsch C, Elbhardt O, Mulieri LA (1982) Heat production during hypoxic contracture of rat myocardium. Circ Res (in press)

	Isenberg G (1979) Risk and advantages of using strongly beveled microelectrodes for electrophysiological studies in cardiac Purkinje fibers. Pflügers Arch 380:91–98

                    Google Scholar 
                

	Isenberg G, Klöckner U (1980) Glycocalix is not required for slow inward calcium current in isolated rat heart myocytes. Nature 284:358–360

                    Google Scholar 
                

	Isenberg G, Klöckner U (1982) Isolated bovine ventricular myocytes: characterization of the action potential. Pflügers Arch 395:19–29

                    Google Scholar 
                

	Kao RL, Christman EW, Luh SL, Krauhs JM, Tyers GFO, Williams EH (1980) The effect of insulin and anoxia on the metabolism of isolated mature rat cardiac myocytes. Arch Biochem Biophys 203:587–599

                    Google Scholar 
                

	Kramer JH, Chovan JP, Schaffer SW (1981) Effect of taurine on calcium paradox and ischemic heart failure. Am J Physiol 240:H238-H246

                    Google Scholar 
                

	Krueger JW, Forletti D, Wittenberg BA (1980) Uniform sarcomere shortening behaviour in isolated cardiac muscle cells. J Gen Physiol 76:587–607

                    Google Scholar 
                

	Langer GA (1978) The structure and function of the myocardial cell surface. Am J Physiol 235:H461-H468

                    Google Scholar 
                

	Langer GA (1980) The role of calcium in the control of myocardial contractility: an update. J Mol Cell Cardiol 12:231–239

                    Google Scholar 
                

	Lanter F, Steiner RA, Ammann D, Simon W (1982) Critical evaluation of the applicability of neutral carrier-based calcium selective microelectrodes. Anal Chem 135:51–59

                    Google Scholar 
                

	Lee CO, Uhm DY, Dresdner K (1980) Sodium-calcium exchange in rabbit heart muscle cells: direct measurements of sarcoplasmic Ca2+ activity. Science 209:699–701

                    Google Scholar 
                

	Lee KS, Weeks TA, Kao RL, Akaike N, Brown AM (1979) Sodium current in single heart muscle cells. Nature 278:269–271

                    Google Scholar 
                

	Lehninger AL, Reynafarje B, Vercesi A, Tew WP (1978) Transport and accumulation of calcium in mitochondria. Ann NY Acad Sci 307:160–176

                    Google Scholar 
                

	Lux HD, Neher E (1973) The equilibration time course of [K]0 in cat cortex. Exp Brain Res 17:190–205

                    Google Scholar 
                

	Marban E, Rink TJ, Tsien RW, Tsien RY (1980) Free calcium in heart muscle at rest and during contraction measured with Ca-sensitive microelectrodes. Nature 286:845–850

                    Google Scholar 
                

	McLellan GB, Winegrad S (1978) The regulation of the calcium sensitivity of the contractile system in mammalian cardiac muscle. J Gen Physiol 72:737–764

                    Google Scholar 
                

	Miller DJ (1979) Are cardiac muscle cells “skinned” by EGTA or EDTA? Nature 277:142–143

                    Google Scholar 
                

	Moses RL, Kasten FH (1979) Ultrastructure of dissociated adult mammalian heart myocytes. J Mol Cell Cardiol 11:161–172

                    Google Scholar 
                

	Muir AR (1965) Further observations of the cellular structure of cardiac muscle. J Anat 99:27–46

                    Google Scholar 
                

	Muir AR (1967) The effects of divalent cations on the ultrastructure of the perfused rat heart. J Anat 101:239–261

                    Google Scholar 
                

	Nag AC, Fischman DA, Aumont MC, Zak R (1977) Studies of isolated adult rat heart cells: the surface morphology and hte influence of extracellular calcium ion concentration on cellular viability. Tissue Cell 9:419–436

                    Google Scholar 
                

	Nayler WG, Mas-Oliva J, Williams AJ (1980) Cardiovascular receptors and calcium. Circ Res 46 (Suppl I):161–166

                    Google Scholar 
                

	Nayler WG, Ferrari R, Poole-Wilson PA, Yepez C (1979) A protective effect of mild acidosis on hypoxic heart muscle. J Mol Cell Cardiol 11:1053–1071

                    Google Scholar 
                

	Nelson DJ, Ehrenfeld J, Lindemann B (1978) Volume changes and potential artifacts of epithelial cells of frog skin following impalement with microelectrodes filled with 3 M KCl. J Membr Biol 40:91–119

                    Google Scholar 
                

	Ochme U, Kessler M, Simon W (1976) Neutral carrier Ca2+-microelectrode. Chimia 30:204–207

                    Google Scholar 
                

	Peng CF, Kane JJ, Murphy ML, Straub D (1977) Abnormal mitochondrial oxidative phosphorylation of ischemic myocardium reversed by Ca2+-chelating agents. J Mol Cell Cardiol 9:897–908

                    Google Scholar 
                

	Powell T (1979) Isolation of cells from adult mammalian myocardium. J Mol Cell Cardiol 11:511–513

                    Google Scholar 
                

	Powell T, Twist VW (1976) A rapid technique for the isolation and purification of adult cardiac muscle cells having respiratory control and a tolerance to calcium. Biochim Biophys Res Comm 72:327–333

                    Google Scholar 
                

	Powell T, Terrar DA, Twist VW (1978) Membrane potentials in muscle cells isolated from adult rat heart. J Physiol (Lond) 282:23P-24P

                    Google Scholar 
                

	Powell T, Terrar DA, Twist VW (1980) Electrical properties of individual cells isolated from adult rat ventricular myocardium. J Physiol (Lond) 302:131–153

                    Google Scholar 
                

	Rasmussen H, Goodman DBP (1977) Relationships between calcium and cyclic nucleotides in cell activation. Physiol Rev 57:422–509

                    Google Scholar 
                

	Rieser B, Sabbadini R, Paolini P, Fry M, Inesi G (1979) Sarcomere motion in isolated cardiac cells. Am J Physiol 236:C70-C77

                    Google Scholar 
                

	Ruigrok TJC, Boink ABT, Spies F, Blok FJ, Mass AHJ, Zimmerman ANE (1978) Energy dependence of the calcium paradox. J Mol Cell Cardiol 10:991–1102

                    Google Scholar 
                

	Russo MA, Cittadini A, Dani AM, Inesi G, Terranova T (1981) An ultrastructural study of calcium induced degenerative changes in dissociated heart cells. J Mol Cell Cardiol 13:265–279

                    Google Scholar 
                

	Schwarz RP, Hsieh R, Johnson WH (1978) Caffeine contracture and iodoacetate rigor in frog skeletal muscle. A comparison. Biophys J 22:501–507

                    Google Scholar 
                

	Simon W, Amman D, Oehme M, Morf WE (1978) Calcium-selective electrodes. Ann NY Acad Sci 307:52–69

                    Google Scholar 
                

	Toleikis A, Dzeja P, Praskevicius A, Jasaitis A (1979) Mitochondrial functions in ischemic myocardium. I. Proton electrochemical gradient, inner membrane permeability, calcium transport and oxidative phosphorylation in isolated mitochondria. J Mol Cell Cardiol 11:57–76

                    Google Scholar 
                

	Vahouny GV, Wei R, Starkweather R, Davis C (1970) Preparation of beating heart cells from adult rats. Science 167:1616–1618

                    Google Scholar 
                

	Vahouny GV, Wei R, Starkweather R, Davis C (1979) Adult canine myocytes: isolation, morphology and biochemical characteristics. J Mol Cardiol 11:339–357

                    Google Scholar 
                

	Ventura-Clapier R, Vassort G (1981) Rigor tension during metabolic and ionic rises in resting tension in rat heart. J Mol Cell Cardiol 13:551–561

                    Google Scholar 
                

	Weidmann S (1970) Electrical constants of trabecular muscle from mammalian heart. J Physiol (Lond) 210:1041–1054

                    Google Scholar 
                

	Winegrad S (1971) Studies of cardiac muscle with a high permeability to calcium produced by treatment with ethylen-diamine tetracecetic acid. J Gen Physiol 58:71–93

                    Google Scholar 
                

	Wittenberg BA, Robinson TF (1981) Oxygen requirements, morphology, cell coat and membrane permeability of calcium tolerant myocytes from hearts of adult rats. Cell Tissue Res 216:231–251

                    Google Scholar 
                

	Zimmerman ANA, Hülsmann WC (1966) Paradoxical influence of calcium ions on the permeability of the cell membrane of the isolated rat heart. Nature 211:646–647

                    Google Scholar 
                

	Yokoyama HO, Jennings RB, Wartman WB (1961) Interacalated disks of dog myocardium. Exp Cell Res 23:29–44

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	II. Physiologisches Institut der Universität des Saarlandes, D-6650, Homburg/Saar, Germany
Gerrit Isenberg & Udo Klockner


Authors	Gerrit IsenbergView author publications
You can also search for this author in
                        PubMed Google Scholar



	Udo KlocknerView author publications
You can also search for this author in
                        PubMed Google Scholar







Additional information
Supported by the Deutsche Forschungsgemeinschaft SFB 38/G2


Rights and permissions
Reprints and permissions


About this article
Cite this article
Isenberg, G., Klockner, U. Calcium tolerant ventricular myocytes prepared by preincubation in a “KB medium”.
                    Pflugers Arch. 395, 6–18 (1982). https://doi.org/10.1007/BF00584963
Download citation
	Received: 10 October 1981

	Accepted: 18 June 1982

	Issue Date: October 1982

	DOI: https://doi.org/10.1007/BF00584963


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
	Heart
	Single ventricular myocyte
	Ca tolerance
	Ca paradox
	[Ca]i

	Action potentials
	Rigor








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.242.78.156
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    