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                    Abstract
The progressive renal disease model of chronic uninephrectomy-desoxycorticosterone-trimethylacetate (UNX-DOCA) hypertension is associated with mesangial proliferation as a major disease mechanism. A detailed structural analysis of the alterations in glomerular structure which accompany the development of sclerosis in this model has not been made. Male Munich-Wistar rats underwent UNX, received weekly injections of the aldosterone agonist DOCA and 1% sodium chloride as drinking solution and were compared with sham operated controls (CON). Thirty eight days after onset, UNX animals had an albuminuria of 183±180 mg/day versus 0.38±0.22 mg/day in CON. Kidneys were fixed by total body perfusion and renal tissue processed for light and electron-microscopy. Superficial and deep total glomerular volume increased from 2.18±0.15 (deep: 2.57±0.24) 106 μm3 in CON to 3.98±0.81 (deep: 3.95±0.63) 106 μm3 in UNX. In addition to overall tuft hypertrophy, structural analysis revealed severe destruction of tuft architecture with mesangial expansion and/or capillary ballooning, leading to local tuft enlargements. Podocytes overlying the expanded areas appeared unable to adapt to cover the increased tuft surfaces. They developed severe lesions in cell architecture leading to denudation of glomerular basement membrane (GBM)-areas. “Naked” GBM appears to represent a nidus for hyalinosis, thrombosis and synechia formation, which progresses to segmental sclerosis. In the UNX-DOCA model of chronic glomerular hypertension local mesangial expansion was frequently encountered but no evidence was found that mesangial proliferation and matrix production proceeded to sclerosis. The crucial damage to the glomerulus in this model would appear to be attributable to podocyte failure, with the resultant GBM denudation triggering synechia formation, hyalinosis and ultimately glomerulosclerosis.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Proteinuria and Tubulotoxicity
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2019
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Local CD34-positive capillaries decrease in mouse models of kidney disease associating with the severity of glomerular and tubulointerstitial lesions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         04 September 2017
                                    

                                

                                Md Abdul Masum, Osamu Ichii, … Yasuhiro Kon

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Pathogenesis: Hemodynamic Alterations
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Cohen AH, Mampaso F, Zamboni L (1977) Glomerular podocyte generation in human renal disease. An ultrastructural study. Lab Invest 37:30–42

                    Google Scholar 
                

	Diamond JR, Karnovsky MJ (1988) Focal and segmental glomerulosclerosis: analogies to atherosclerosis. Kidney Int 33:917–924

                    Google Scholar 
                

	Dworkin LD, Hostetter TH, Rennke HG, Brenner BM (1984) Hemodynamic basis for glomerular injury in rats with desoxycorticosterone-salt hypertension. J Clin Invest 73:1448–1461

                    Google Scholar 
                

	Dworkin LD, Feiner HD, Randazzo J (1987) Glomerular hypertension and injury in desoxycorticosterone-salt rats on anti-hypertensive therapy. Kidney Int 31:718–724

                    Google Scholar 
                

	Dworkin LD, Feiner HD, Parker M, Randazzo J (1990) Calcium carbonate exacerbates glomerular capillary hypertension and injury in rats with desoxycorticosterone-salt hypertension. Am J Hypertens 3:444–450

                    Google Scholar 
                

	Dworkin LD, Levin RI, Bernstein JA, Parker M, Ullian ME, Kim Y, Feiner HD (1990) Effects of nifedipine and enalapril on glomerular injury in rats with desoxycorticosterone-salt hypertension. Am J Physiol 259:F598-F604

                    Google Scholar 
                

	Elger M, Sakai T, Kriz W (1988) Role of mesangial cell contraction in adaptation of the glomerular tuft to changes in extracellular volume. Pfluegers Arch 412:42–53

                    Google Scholar 
                

	Faraj AH, Morley AR (1993) Remnant kidney pathology after five-sixth nephrectomy in rat. II. Electron microscopy study. APMIS 101:83–90

                    Google Scholar 
                

	Floege J, Burns MW, Alpers CE, Yoshimura A, Pritzl P, Gordon K, Seifert RA, Bowen-Pope DF, Couser WG, Johnson RJ (1992) Glomerular cell proliferation and PDGF expression precede glomerulosclerosis in the remnant kidney model. Kidney Int 41:297–309

                    Google Scholar 
                

	Floege J, Johnson RJ, Alpers CE, Fatemi-Nainie, Richardson CA, Gordon K, Couser WG (1993) Visceral glomerular epithelial cells can proliferate in vivo and synthesize platelet-derived growth factor B-chain Am J Pathol 142:637–650

                    Google Scholar 
                

	Fries JW, Sandstrom DJ, Meyer TW, Rennke HG (1989) Glomerular hypertrophy and epithelial cell injury modulate progressive glomerulosclerosis in the rat. Lab Invest 60:205–218

                    Google Scholar 
                

	Grishman E, Churg J (1975) Focal glomerular sclerosis in nephrotic patients: An electron microscopic study of glomerular podocytes. Kidney Int 7:111–122

                    Google Scholar 
                

	Hostetter TH, Olson JL, Rennke HG, Venkatachalam MA, Brenner BM (1981) Hyperfiltration in remnant nephrons: a potentially adverse response to renal ablation. Am J Physiol 241:F85-F93

                    Google Scholar 
                

	Hostetter TH, Meyer TW, Rennke HG, Brenner BM (1986) Chronic effects of dietary protein in the rat with intact and reduced renal mass. Kidney Int 30:509–517
CAS 
    PubMed 
    
                    Google Scholar 
                

	Iversen BM, Ofstad J (1987) The effect of hypertension on glomerular structures and capillary permeability in passive Heymann glomerulonephritis. Microvasc Res 34:137–151

                    Google Scholar 
                

	Kaissling B, Kriz W (1983) Variability of intercellular spaces between macular densa cells: a transmission electron study in rabbits and rats. Kidney Int 22:9–17

                    Google Scholar 
                

	Kanwar YS, Rosenzweig LJ (1982) Altered glomerular permeability as a result of focal detachment of the visceral epithelium. Kidney Int 21:565–574

                    Google Scholar 
                

	Kondo Y, Akikusa B (1982) Chronic Masugi nephritis in the rat. An electron microscopic study on evolution and consequences of glomerular capsular adhesions. Acta Pathol Jpn 32(2):231–242

                    Google Scholar 
                

	Kriz W, Nagata M, Kretzler M, Koeppen-Hagemann I, Elger M, Lemley K (1994) The role of podocytes in the development of glomerulosclerosis. Kidney Int Suppl 45:S64-S72

                    Google Scholar 
                

	Lemley KV, Kriz W (1991) Glomerular injury in analbuminemic rats after subtotal nephrectomy. Nephron 59:104–109

                    Google Scholar 
                

	Lemley KV, Elger M, Koeppen-Hagemann I, Kretzler M, Nagata M, Sakai T, Uiker S, Kriz W (1992) The glomerular mesangium: capillary support function and its failure in experimental conditions. Clin Invest Med 70:843–856

                    Google Scholar 
                

	Miller P, Scholey JW, Rennke HG, Meyer TW (1990) Glomerular hypertrophy aggravates epithelial cell injury in nephrotic rats. J Clin Invest 85:1119–1126

                    Google Scholar 
                

	Nagata M, Kriz W (1992) Glomerular damage after uninephrectomy in young rats. II. Mechanical stress on podocytes as a pathway to sclerosis. Kidney Int 42:148–160

                    Google Scholar 
                

	Nagata M, Schärer K, Kriz W (1992) Glomerular damage after uninephrectomy in young rats. I. Hypertrophy and distortion of capillary architecture. Kidney Int 42:136–147

                    Google Scholar 
                

	Nagata M, Yamaguchi Y, Ito K (1993) Loss of mitotic activity and the expression of vimentin in glomerular epithelial cells of developing human kidneys. Anat Embryol (Berl) 187:275–279

                    Google Scholar 
                

	Olson JL, Heptinstall RH (1987) Nonimmunologic mechanisms of glomerular injury. Lab Invest 59:564–578

                    Google Scholar 
                

	Olson JL, Hostetter TH, Rennke HG, Brenner BM, Venkatachalam MA (1982) Altered glomerular permselectivity and progressive sclerosis following extreme ablation of renal mass. Kidney Int 22:112–126

                    Google Scholar 
                

	Olson JL, Uradaneta AG, Heptinstall RH (1985) Glomerular hyalinosis and its relation to hyperfiltration. Lab Invest 52:387–398

                    Google Scholar 
                

	Pabst R, Sterzel RB (1983) Cell renewal of glomerular cell types in normal rats. An autoradiographic analysis. Kidney Int 24:626–631

                    Google Scholar 
                

	Rascher W (1985) Experimentelle Formen der Hypertonie. In: Ganten D, Ritz E (eds) Lehrbuch der Hypertonie. Schattauer, Stuttgart, pp 51–61

                    Google Scholar 
                

	Rennke HG (1986) Structural alterations associated with glomerular hyperfiltration. In: Mitch WE (ed) The progressive nature of renal disease. Contemporary Issues in Nephrology. Churchill Livingston, New york, pp 111–131

                    Google Scholar 
                

	Rennke HG (1994) How does glomerular epithelial cell injury contribute to progressive glomerular damage. Kidney Int Suppl 45:S58-S63

                    Google Scholar 
                

	Rennke HG, Klein PS (1989) Pathogenesis and significance of nonprimary focal and segmental glomerusclerosis. Am J Kidney Dis 13:443–456
CAS 
    PubMed 
    
                    Google Scholar 
                

	Rennke HG, Anderson S, Brenner BM (1989) Structural and functional correlations in the progression of kidney disease. In: Tisher CC, Brenner BM (eds) Renal pathology. Lippincott, Philadelphia, pp 43–66

                    Google Scholar 
                

	Sakai T, Kriz W (1987) The structural relationship between mesangial cells and basement membrane of the renal glomerulus. Anat Embryol (Berl) 176:373–386

                    Google Scholar 
                

	Sakai T, Lemley KV, Hackenthal E, Nagata M, Nobiling R, Kriz W (1992) Changes in glomerular structure following acute mesangial failure in the isolated perfused kidney. Kidney Int 41:533–541

                    Google Scholar 
                

	Schneider U, Inke G, Schneider W, Zahl (1969) Abstand der Verzweigungsstellen vom Rand des Sinus renalis und kaliber der extrarenalen Nierengefäße des Menschen. Anat Anz 124:278–291

                    Google Scholar 
                

	Schwartz MM, Bidani AK (1991) Mesangial structure and function in the remnant kidney. Kidney Int 40:226–237

                    Google Scholar 
                

	Shirato I, Sakai T, Fukui M, Tomino Y, Koide H (1993) Widening of capillary neck and alteration of extracellular matrix ultrastructure in diabetic rat glomerulus as revealed by computer morphometry and improved tissue processing. Virchows Arch [A] 423:121–129

                    Google Scholar 
                

	Sterzel RB, Luft FC, Gao Y, Gao Y, Schnermann J, Briggs JP, Ganten D, Waldherr R, Schnabel E, Kriz W (1988) Renal disease and the development of hypertension in saltsensitive Dahl rats. Kidney Int 33:1119–1129

                    Google Scholar 
                

	Van Gorh H, Fidler V, Weening JJ, Grond J (1991) Determinants of focal and segmental glomerulosclerosis in the rat after renal ablation. Evidence for involvement of macrophages and lipids. Lab Invest 64:754–765

                    Google Scholar 
                

	Weibel ER (1979) Stereological methods. Practical methods for biological morphometry. Academic Press, London

                    Google Scholar 
                

	Yoshikawa N, Hiroshi I, Akamatsu R, Hazikano H, Okada S, Matsuo T (1986) Glomerular podocyte vacuolation in focal segmental glomerulosclerosis. Arch Pathol Lab Med 110:394–398
CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Anatomy and Cell Biology Institute I, University of Heidelberg, Im Neuenheimer Feld 307, D-69120, Heidelberg, Germany
M. Kretzler, I. Koeppen-Hagemann & W. Kriz


Authors	M. KretzlerView author publications
You can also search for this author in
                        PubMed Google Scholar



	I. Koeppen-HagemannView author publications
You can also search for this author in
                        PubMed Google Scholar



	W. KrizView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Kretzler, M., Koeppen-Hagemann, I. & Kriz, W. Podocyte damage is a critical step in the development of glomerulosclerosis in the uninephrectomised-desoxycorticosterone hypertensive rat.
                    Vichows Archiv A Pathol Anat 425, 181–193 (1994). https://doi.org/10.1007/BF00230355
Download citation
	Received: 19 January 1994

	Accepted: 14 June 1994

	Issue Date: September 1994

	DOI: https://doi.org/10.1007/BF00230355


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
	Glomerular epithelial cells
	Glomerular hyperperfusion
	Uninephrectomy
	Mesangial expansion
	Synechia








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.92.194.96
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    