
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    
    
        
            
                Advertisement

                
                    
                        
                            [image: Advertisement]
                        
                    

                

            

        

    



    
    
        
            
                
                    
                        [image: SpringerLink]
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Journal of Endocrinological Investigation

	
                        Article

Oscillating high glucose enhances oxidative stress and apoptosis in human coronary artery endothelial cells


                    	Original Article
	
                            Published: 24 May 2014
                        


                    	
                            Volume 37, pages 645–651, (2014)
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                [image: ]
                            
                            Journal of Endocrinological Investigation
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	Ting-song Liu1, 
	Ying-hao Pei1, 
	Yong-ping Peng1, 
	Jiao Chen2, 
	Shi-sen Jiang1 & 
	…
	Jian-bin Gong1 

Show authors
                        
    

                        
                            	
            
                
            558 Accesses

        
	
            
                
            48 Citations

        
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
Purpose
To investigate the toxic effect of oscillating high glucose (OHG) versus persistent high glucose (PHG) in inducing oxidative stress and cellular apoptosis in human coronary artery endothelial cells (HCAECs) in vitro.
Methods
HCAECs were incubated for 72 h continuously in normal glucose (5.5 mmol/L glucose), PHG (25 mmol/L glucose), OHG (5.5 mmol and 25 glucose mmol/L alternating every 6 h) and mannitol, respectively. Cellular viability, concentration of oxidative stress biomarkers (MDA and GSH) in the supernatants of cell culture, and intracellular ROS level were quantitated after exposure to different concentrations of glucose for a total 72 h. Apoptosis of HCAECs cultured with various glucose levels was evaluated by annexin V-FITC and PI staining followed by analysis with flow cytometry. The expressions of HO-1 and Nrf2 were measured by RT-qPCR and Western blotting at the end of the experiment.
Results
HCAECs cultured with PHG showed decreased cellular viability compared to those with normal level of glucose (p < 0.05). The decrease was more pronounced under OHG condition (p < 0.05). Cellular oxidative stress was provoked in HCAECs exposed to PHG with marked increased MDA level, reduced GSH concentration and elevated ROS production (p < 0.05). The stress was further amplified in the setting of OHG (p < 0.05). The cellular apoptosis was enhanced by culturing with PHG, and to a greater extent when incubated with OHG. Both expressions of HO-1 and Nrf2 were suppressed in HCAECs in persistent hyperglycemia condition, while the inhibition was more intense in the fluctuating hyperglycemia condition (p < 0.05).
Conclusions
These findings indicate that OHG could be more detrimental to HCAECs than PHG. This is probably due to the enhancement of oxidative stress and cellular apoptosis induced by frequent glucose swings through the inhibition of Nrf2/HO-1 pathway.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Oscillating glucose and constant high glucose induce endoglin expression in endothelial cells: the role of oxidative stress
                                        
                                    

                                    
                                        Article
                                        
                                         15 November 2014
                                    

                                

                                Lucia La Sala, Gemma Pujadas, … Antonio Ceriello

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Acute blood glucose fluctuation enhances rat aorta endothelial cell apoptosis, oxidative stress and pro-inflammatory cytokine expression in vivo
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 August 2016
                                    

                                

                                Na Wu, Haitao Shen, … Ping Han

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        GLP-1 Inhibits High-Glucose-Induced Oxidative Injury of Vascular Endothelial Cells
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 August 2017
                                    

                                

                                Quan Li, Yajun Lin, … Lixin Guo

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Kuusisto J, Laakso M (2013) Update on type 2 diabetes as a cardiovascular disease risk equivalent. Curr Cardiol Rep 15:1–6
Article 
    
                    Google Scholar 
                

	Angelakopoulou A, Shah T, Sofat R, Shah S, Berry DJ, Cooper J, Palmen J, Tzoulaki I, Wong A, Jefferis BJ (2012) Comparative analysis of genome-wide association studies signals for lipids, diabetes, and coronary heart disease: cardiovascular biomarker genetics collaboration. Eur Heart J 33:393–407
Article 
    CAS 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Lorenzo O, Ramírez E, Picatoste B, Egido J, Tuñón J (2013) Alteration of energy substrates and ROS production in diabetic cardiomyopathy. Mediat Inflamm

	Isomaa B, Almgren P, Tuomi T, Forsén B, Lahti K, Nissén M, Taskinen M-R, Groop L (2001) Cardiovascular morbidity and mortality associated with the metabolic syndrome. Diabetes Care 24:683–689
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jay D, Hitomi H, Griendling KK (2006) Oxidative stress and diabetic cardiovascular complications. Free Radic Biol Med 40:183–192
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Anand S, Dagenais G, Mohan V, Diaz R, Probstfield J, Freeman R, Shaw J, Lanas F, Avezum A, Budaj A (2012) Glucose levels are associated with cardiovascular disease and death in an international cohort of normal glycaemic and dysglycaemic men and women: the EpiDREAM cohort study. Eur J Prev Cardiol 19:755–764
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Guelho D, Barros L, Baptista C, Paiva I, Gouveis S, Saraiva J, Moreno C, Carrilho F (2013) Predictive value of HbA1c and glucose fluctuations in hypoglycemia risk in patients with type 1 diabetes. Endocrine Abstracts 32:335

	Nalysnyk L, Hernandez-Medina M, Krishnarajah G (2010) Glycaemic variability and complications in patients with diabetes mellitus: evidence from a systematic review of the literature. Diabetes Obes Metab 12:288–298
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ceriello A, Ihnat M (2010) ‘Glycaemic variability’: a new therapeutic challenge in diabetes and the critical care setting. Diabetes Med 27:862–867
Article 
    CAS 
    
                    Google Scholar 
                

	Zrelli H, Matsuoka M, Kitazaki S, Araki M, Kusunoki M, Zarrouk M, Miyazaki H (2011) Hydroxytyrosol induces proliferation and cytoprotection against oxidative injury in vascular endothelial cells: role of Nrf2 activation and HO-1 induction. J Agric Food Chem 59:4473–4482
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nathanson D, Nystrom T (2009) Hypoglycemic pharmacological treatment of type 2 diabetes: targeting the endothelium. Mol Cell Endocrinol 297:112–126
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sun L-Q, Xue B, Li X-J, Wang X, Qu L, Zhang T–T, Zhao J, Wang B-A, Zou X-M, Mu Y-M (2012) Inhibitory effects of salvianolic acid B on apoptosis of Schwann cells and its mechanism induced by intermittent high glucose. Life Sci 90:99–108
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Schreiber E, Matthias P, Müller MM, Schaffner W (1989) Rapid detection of octamer binding proteins with ‘mini extracts’, prepared from a small number of cells. Nucl Acids Res 17:6419

	Liu T, Gong J, Chen Y, Jiang S (2013) Periodic vs constant high glucose in inducing pro-inflammatory cytokine expression in human coronary artery endothelial cells. Inflamm Res 62(7):697–701

	Mukala-Nsengu A, Fernández-Pascual S, Martín F, Martín-del-Río R, Tamarit-Rodriguez J (2004) Similar effects of succinic acid dimethyl ester and glucose on islet calcium oscillations and insulin release. Biochem Pharmacol 67:981–988
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Piconi L, Quagliaro L, Assaloni R, Da Ros R, Maier A, Zuodar G, Ceriello A (2006) Constant and intermittent high glucose enhances endothelial cell apoptosis through mitochondrial superoxide overproduction. Diabetes Metab Res Rev 22:198–203
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Le Bras M, Clément MV, Pervaiz S, Brenner C (2005) Reactive oxygen species and the mitochondrial signaling pathway of cell death. Histol Histopathol 20(1):205–219

	Chen K, Keaney JF Jr (2012) Evolving concepts of oxidative stress and reactive oxygen species in cardiovascular disease. Curr Atheroscler Rep 14:476–483
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lee H-C, Wei Y-H (2007) Oxidative stress, mitochondrial DNA mutation, and apoptosis in aging. Exp Biol Med 232:592–606
CAS 
    
                    Google Scholar 
                

	Nielsen F, Mikkelsen BB, Nielsen JB, Andersen HR, Grandjean P (1997) Plasma malondialdehyde as biomarker for oxidative stress: reference interval and effects of life-style factors. Clin Chem 43:1209–1214
CAS 
    PubMed 
    
                    Google Scholar 
                

	Viigimaa M, Abina J, Zemtsovskaya G, Tikhaze A, Konovalova G, Kumskova E, Lankin V (2010) Malondialdehyde-modified low-density lipoproteins as biomarker for atherosclerosis. Blood Press 19:164–168
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lapenna D, de Gioia S, Ciofani G, Mezzetti A, Ucchino S, Calafiore AM, Napolitano AM, Di Ilio C, Cuccurullo F (1998) Glutathione-related antioxidant defenses in human atherosclerotic plaques. Circulation 97:1930–1934
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rosenblat M, Coleman R, Aviram M (2002) Increased macrophage glutathione content reduces cell-mediated oxidation of LDL and atherosclerosis in apolipoprotein E-deficient mice. Atherosclerosis 163:17–28
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Xiao X, Dong Y, Zhong J, Cao R, Zhao X, Wen G, Liu J (2011) Adiponectin protects endothelial cells from the damages induced by the intermittent high level of glucose. Endocrine 40:386–393
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wang W, Wang Y, Long J, Wang J, Haudek SB, Overbeek P, Chang BH, Schumacker PT, Danesh FR (2012) Mitochondrial fission triggered by hyperglycemia is mediated by ROCK1 activation in podocytes and endothelial cells. Cell Metab 15:186–200
Article 
    CAS 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Ungvari Z, Bailey-Downs L, Gautam T, Jimenez R, Losonczy G, Zhang C, Ballabh P, Recchia FA, Wilkerson DC, Sonntag WE (2011) Adaptive induction of NF-E2-related factor-2-driven antioxidant genes in endothelial cells in response to hyperglycemia. Am J Physiol Heart Circ Physiol 300:H1133–H1140
Article 
    CAS 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Quagliaro L, Piconi L, Assaloni R, Da Ros R, Maier A, Zuodar G, Ceriello A (2005) Intermittent high glucose enhances ICAM-1, VCAM-1 and E-selectin expression in human umbilical vein endothelial cells in culture: the distinct role of protein kinase C and mitochondrial superoxide production. Atherosclerosis 183:259–267
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Schisano B, Tripathi G, McGee K, McTernan PG, Ceriello A (2011) Glucose oscillations, more than constant high glucose, induce p53 activation and a metabolic memory in human endothelial cells. Diabetologia 54:1219–1226
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Risso A, Mercuri F, Quagliaro L, Damante G, Ceriello A (2001) Intermittent high glucose enhances apoptosis in human umbilical vein endothelial cells in culture. Am J Physiol Endocrinol Metab 281:E924–E930
CAS 
    PubMed 
    
                    Google Scholar 
                

	Piconi L, Corgnali M, Da Ros R, Assaloni R, Piliego T, Ceriello A (2008) The protective effect of rosuvastatin in human umbilical endothelial cells exposed to constant or intermittent high glucose. J Diabetes Complic 22:38–45
Article 
    
                    Google Scholar 
                

	Kensler TW, Wakabayashi N, Biswal S (2007) Cell survival responses to environmental stresses via the Keap1-Nrf2-ARE pathway. Annu Rev Pharmacol Toxicol 47:89–116
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jaiswal AK (2004) Nrf2 signaling in coordinated activation of antioxidant gene expression. Free Radic Biol Med 36:1199–1207
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Conflict of interest
None of the authors had a financial interest or professional or personal affiliation that compromises the scientific integrity of this work.


Author information
Authors and Affiliations
	Department of Cardiology, Jinling Hospital, Nanjing University, School of Medicine, Nanjing, 210002, People’s Republic of China
Ting-song Liu, Ying-hao Pei, Yong-ping Peng, Shi-sen Jiang & Jian-bin Gong

	Department of Emergency Medicine, Nanjing University, School of Medicine, Nanjing, 210002, People’s Republic of China
Jiao Chen


Authors	Ting-song LiuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ying-hao PeiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yong-ping PengView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jiao ChenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shi-sen JiangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jian-bin GongView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Jian-bin Gong.


Additional information
T. Liu and Y. Pei contributed equally to this work.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Liu, Ts., Pei, Yh., Peng, Yp. et al. Oscillating high glucose enhances oxidative stress and apoptosis in human coronary artery endothelial cells.
                    J Endocrinol Invest 37, 645–651 (2014). https://doi.org/10.1007/s40618-014-0086-5
Download citation
	Received: 01 February 2014

	Accepted: 30 April 2014

	Published: 24 May 2014

	Issue Date: July 2014

	DOI: https://doi.org/10.1007/s40618-014-0086-5


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
	Oscillating high glucose
	Oxidative stress
	Apoptosis
	HCAECs








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					52.207.220.85
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    