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                    Abstract
We present a dynamical model of lipoprotein metabolism derived by combining a cascading process in the blood stream and cellular level regulatory dynamics. We analyse the existence and stability of equilibria and show that this low-dimensional, nonlinear model exhibits bistability between a low and a high cholesterol state. A sensitivity analysis indicates that the intracellular concentration of cholesterol is robust to parametric variations while the plasma cholesterol can vary widely. We show how the dynamical response to time-dependent inputs can be used to diagnose the state of the system. We also establish the connection between parameters in the system and medical and genetic conditions.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        From big data to big insights: statistical and bioinformatic approaches for exploring the lipidome
                                        
                                    

                                    
                                        Article
                                        
                                         25 October 2023
                                    

                                

                                Jessie R. Chappel, Kaylie I. Kirkwood-Donelson, … Erin S. Baker

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        What is a Complex System, After All?
                                        
                                    

                                    
                                        Article
                                         Open access
                                         30 May 2023
                                    

                                

                                Ernesto Estrada

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Lipoprotein(a): from Causality to Treatment
                                        
                                    

                                    
                                        Article
                                         Open access
                                         22 January 2024
                                    

                                

                                Florian Kronenberg

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Adiels, M., 2002. A compartmental model for kinetics of apolipoprotein B-100 and Triglycerides in VLDL1 and VLDL2 in normolipidemic subjects. Master’s thesis, Chalmers University of Technology.

	Bywater, R.P., Sorensen, A., Rogen, P., Hjorth, P.G., 2002. Construction of the simplest model to explain complex receptor activation kinetics. J. Theor. Biol. 218, 139–147.
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Chopra, M., Thurnham, D.I., 1999. Antioxidants and lipoprotein metabolism. Proc. Nutr. Soc. 58, 663–671.

                    Google Scholar 
                

	Cobbold, C.A., Sherratt, J.A., Maxwell, S.R.J., 2002. Lipoprotein oxidation and its significance for atherosclerosis: A mathematical approach. Bull. Math. Biol. 64, 65–95.
Article 
    
                    Google Scholar 
                

	Converse, C.A., Skinner, E.R., 1992. Lipoprotein analysis: A practical approach. IRL Press at Oxford University Press, New York.

                    Google Scholar 
                

	Cooper, G.M., 2000. The Cell (a molecular approach), 2nd Edition. ASM Press, Boston.

                    Google Scholar 
                

	Davidson, M.H., Jacobson, T.A., 2001. How statins work: The development of cardiovascular disease and its treatment with 3-hydroxy-3-methylglutarylcoenzyme a reductase inhibitor. Cardiology Clinical Updates - © 2001 Medscape, Inc.

	Dietschy, J.M., Gotto, A.M., Ontko, J.A. (Eds.), 1978. Disturbances in Lipid and Lipoprotein Metabolism. American Physiological Society, Bethesda, Maryland.

                    Google Scholar 
                

	Dietschy, J.M., Turley, S.D., Spady, D.K., 1993. Role of liver in the maintenance of cholesterol and low density lipoprotein homeostasis in different animal species, including humans. J. Lipid Res. 34, 1637–1659.

                    Google Scholar 
                

	Dugard, L., Verriest, E.I., 1998. Stability and Control of Time-Delay Systems. Springer-Verlag, London, United Kingdom.
Book 
    MATH 
    
                    Google Scholar 
                

	Eisenfled, J., Grundy, S.M., 1984. Extension of compartmental parameters to blocks of compartments with application to lipoprotein kinetics. Math. Biosci. 68, 99–120.
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Glass, C.K., Witztum, J.L., 2001. Atherosclerosis: The road ahead. Cell 104, 503–516.
Article 
    
                    Google Scholar 
                

	Goldstein, J.L., Brown, M.S., 1977. The low-density lipoprotein pathway and its relation to atherosclerosis. Ann. Rev. Biochem. 46, 897–930.
Article 
    
                    Google Scholar 
                

	Goldstein, J.L., Brown, M.S., 1997. The SREBP pathway: Regulation of cholesterol metabolism by proteolysis of a membrane-bound transcription factor. Cell 89, 331–340.
Article 
    
                    Google Scholar 
                

	Haddad, W.M., Chellaboina, V., August, E., 2001. Stability and dissipativity theory for non-negative dynamical systems: A thermodynamic framework for biological and physiological systems. Proc. IEEE Conf. Dec. Contr. 442–458.

	Hazel, A.L., Pedley, T.J., 1998. Alteration of mean wall shear stress near an oscillating stagnation point. J. Biomech. Eng. 120, 227–237.

                    Google Scholar 
                

	Hobbs, H.H., Russell, D.W., Brown, M.S., Goldstein, J.L., 1990. The LDL receptor locus in familial hypercholesterolemia: Mutational analysis of a membrane protein. Ann. Rev. Genet. 24, 133–170.
Article 
    
                    Google Scholar 
                

	Jacquez, J.A., 1985. Compartmental analysis in biology and medicine, 2nd edition. University of Michigan Press, Ann Arbor, MI.

                    Google Scholar 
                

	Khalil, H.K., 2000. Nonlinear Systems, 3rd edition. Prentice Hall, Upper Saddle River, New Jersey.

	Libby, P., May, 2002. Atherosclerosis: The New View. Sci. Am. 46–55.

	Mathews, C.K., van Holde, K.E., Ahern, K.G., 2000. Biochemistry. Addison Wesley Longman, San Francisco, CA 94111.

	Murray, J.D., 1990. Mathematical Biology. Springer-Verlag, New York.

	Packard, C.J., Demant, T., Stewart, J.P., Bedford, D., Caslake, M. J., Schwertfeger, G., Bedynek, A., Shepherd, J., Seidel, D., 2000. Apolipoprotein B metabolism and the distribution of VLDL and LDL subfractions. J. Lipid Res. 41, 305–317.

                    Google Scholar 
                

	Parhofer, K.G., Hugh, P., Barretta, R., Bier, D.M., Schonfeld, G., 1991. Determination of kinetic parameters of apolipoprotein B metabolism using amino acids labeled with stable isotopes. J. Lipid Res. 32, 1311–1323.

                    Google Scholar 
                

	Pont, F., Duvillard, L., Verges, B., Gambert, P., 1998. Development of compartmental models in stable-isotope experiments, application to lipid metabolism. Arterioscler. Thromb. Vasc. Biol. 18, 853–860.

                    Google Scholar 
                

	Rodríguez, J.E.F.-B., Herrera, J.A.C., Tusiente, N.T., Andino, A.B., Vilaú, F., 1999. Aterosclerosis, colesterol y pared arterial: Algunas reflexiones. Rev. Cubana Invest. Biomed. 18(3), 169–175.

                    Google Scholar 
                

	Spady, D.K., Woollett, L.A., Dietschy, J.M., 1993. Regulation of plasma LDL-cholesterol levels by dietary cholesterol and fatty acids. Ann. Rev. Nutr. 13, 355–381.
Article 
    
                    Google Scholar 
                

	Stein, Y., Stein, O., 2003. Lipoprotein lipase and atherosclerosis. Atherosclerosis 170, 1–9.
Article 
    
                    Google Scholar 
                

	Strogatz, S.H., 1994. Nonlinear Dynamics and Chaos. Addison-Wesley Publishing Company, Reading, Massachusetts.

	White, D.A., Baxter, M., 1984. Hormones and Metabolic Control. Edward Arnold Ltd, London, UK.

	Willnow, T.E., Nykjaer, A., Herz, J., 1999. Lipoprotein receptors: new roles for ancient proteins. Nat. Cell Biol. 1, E157–E162.
Article 
    
                    Google Scholar 
                

	Young, S.G., Fielding, C.J., 1999. The ABCs of cholesterol efflux. Nat. Genet. 22, 316–318.
Article 
    
                    Google Scholar 
                

	Zhang, J., 2005. Finite element modeling of mass transport to endothelial cells. Master’s thesis, University of Toronto.


Download references




Author information
Authors and Affiliations
	Department of Bioengineering, Imperial College London, South Kensington Campus, London, SW7 2AZ, United Kingdom
E. August, K. H. Parker & M. Barahona


Authors	E. AugustView author publications
You can also search for this author in
                        PubMed Google Scholar



	K. H. ParkerView author publications
You can also search for this author in
                        PubMed Google Scholar



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





Corresponding author
Correspondence to
                M. Barahona.


Rights and permissions
Reprints and permissions


About this article
Cite this article
August, E., Parker, K.H. & Barahona, M. A Dynamical Model of Lipoprotein Metabolism.
                    Bull. Math. Biol. 69, 1233–1254 (2007). https://doi.org/10.1007/s11538-006-9132-6
Download citation
	Received: 26 August 2005

	Accepted: 29 March 2006

	Published: 03 March 2007

	Issue Date: May 2007

	DOI: https://doi.org/10.1007/s11538-006-9132-6


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
                        


Keywords
	Lipoprotein metabolism
	Dynamical systems
	Nonlinear models
	Metabolic control mechanisms
	Statins
	Familial hypercholesterolemia








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.201.69.160
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    