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                    Abstract
The effects of magnesium (Mg2+) on ischaemic complications of pathological cardiac hypertrophy are unclear. In this study, we investigated effects of Mg2+ pretreatment on ischaemia/reperfusion (I/R) injury in isoprenaline (ISO)-induced hypertrophic hearts. Wistar rats were treated for 7 days with different combinations of ISO (1.25 mg/kg) subcutaneously, MgSO4 (270 mg/kg) intraperitoneally, or vehicle (saline). On the eighth day, hearts were either subjected to regional I/R during Langendorff perfusion or histologically stained with haematoxylin and eosin and Masson’s trichrome. Haemodynamic and electrocardiographic parameters were recorded using the PowerLab data-acquisition system. Infarcts were identified by triphenyltetrazolium chloride staining. Plasma Mg2+ was measured using photometric assays. Mg2+ pretreatment significantly decreased I/R-induced infarct size (p = 0.001) and the overall arrhythmia score (p < 0.001) of I/R-induced ventricular ectopics, ventricular tachycardia, and ventricular fibrillation in hypertrophic hearts, but not non-hypertrophied hearts. Mg2+ also improved post-I/R left ventricular developed pressure in hypertrophic hearts. However, Mg2+ did not reverse the ISO-induced myocyte thickening and interstitial fibrosis or increases in heart weight. Plasma Mg2+ was not different among treatment groups. These results suggest that Mg2+ pretreatment may protect against I/R-induced injury and malignant arrhythmias in hypertrophic hearts, possibly via mechanisms unrelated to long-lasting changes in plasma Mg2+ or prevention of structural changes such as fibrosis.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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


Fig. 2


Fig. 3


Fig. 4


Fig. 5



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Pretreatment with low-dose gadolinium chloride attenuates myocardial ischemia/reperfusion injury in rats
                                        
                                    

                                    
                                        Article
                                        
                                         07 March 2016
                                    

                                

                                Min Chen, Yuan-yuan Zheng, … Da-li Luo

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Exogenous midkine administration prevents cardiac remodeling in pacing-induced congestive heart failure of rabbits
                                        
                                    

                                    
                                        Article
                                        
                                         26 August 2014
                                    

                                

                                Masahide Harada, Mayumi Hojo, … Mitsuru Horiba

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Protective effect of low dose gadolinium chloride against isoproterenol-induced myocardial injury in rat
                                        
                                    

                                    
                                        Article
                                        
                                         19 June 2015
                                    

                                

                                Yuan-Yuan Zheng, Hai-Hong Zhang, … Da-Li Luo

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Triposkiadis, F., Karayannis, G., Giamouzis, G., Skoularigis, J., Louridas, G., & Butler, J. (2009). The sympathetic nervous system in heart failure physiology, pathophysiology, and clinical implications. Journal of the American College of Cardiology, 
                           54, 1747–1762.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jaffre, F., Callebert, J., Sarre, A., Etienne, N., Nebigil, C. G., Launay, J. M., et al. (2004). Involvement of the serotonin 5-HT2B receptor in cardiac hypertrophy linked to sympathetic stimulation: Control of interleukin-6, interleukin-1beta, and tumor necrosis factor-alpha cytokine production by ventricular fibroblasts. Circulation, 
                           110, 969–974.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Armoundas, A. A., Wu, R., Juang, G., Marban, E., & Tomaselli, G. F. (2001). Electrical and structural remodeling of the failing ventricle. Pharmacology and Therapeutics, 
                           92, 213–230.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Levy, D., Garrison, R. J., Savage, D. D., Kannel, W. B., & Castelli, W. P. (1990). Prognostic implications of echocardiographically determined left ventricular mass in the Framingham Heart Study. New England Journal of Medicine, 
                           322, 1561–1566.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Reffelmann, T., Dorr, M., Ittermann, T., Schwahn, C., Volzke, H., Ruppert, J., et al. (2010). Low serum magnesium concentrations predict increase in left ventricular mass over 5 years independently of common cardiovascular risk factors. Atherosclerosis, 
                           213, 563–569.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Evans, S. J., Levi, A. J., & Jones, J. V. (1996). Low magnesium enhances the pro-arrhythmic effect of low potassium in the hypertrophied rat heart but not in the normal rat heart. Journal of Hypertension, 
                           14, 635–644.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Laurant, P., & Touyz, R. M. (2000). Physiological and pathophysiological role of magnesium in the cardiovascular system: Implications in hypertension. Journal of Hypertension, 
                           18, 1177–1191.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mubagwa, K., Gwanyanya, A., Zakharov, S., & Macianskiene, R. (2007). Regulation of cation channels in cardiac and smooth muscle cells by intracellular magnesium. Archives of Biochemistry and Biophysics, 
                           458, 73–89.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Leicht, M., Greipel, N., Rassler, B., & Zimmer, H. G. (2002). Catecholamine-induced cardiac hypertrophy in rats is associated with the activation of p70 kinase and c-Jun NH(2)-terminal kinase 2. Experimental and Clinical Cardiology, 
                           7, 131–137.
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Meszaros, J., Khananshvili, D., & Hart, G. (2001). Mechanisms underlying delayed after depolarizations in hypertrophied left ventricular myocytes of rats. American Journal of Physiology Heart and Circulatory Physiology, 
                           281, H903–H914.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Young, L., Bercute-Dammann, A., & Weis, M. T. (2002). Mg2+ efflux from the isolated perfused rabbit heart is mediated by two states of the beta1-adrenergic receptor. Naunyn-Schmiedebergs Archives of Pharmacology, 
                           366, 431–439.
Article 
    CAS 
    
                    Google Scholar 
                

	Romani, A. M. (2012). Modulation of cellular Mg2+ content in cardiac cells by alpha1-adrenoceptor stimulation and anti-arrhythmic agents. Recent Patents on Biotechnology, 
                           6, 212–222.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Howarth, F. C., Waring, J., Hustler, B. I., & Singh, J. (1994). Effects of extracellular magnesium and beta adrenergic stimulation on contractile force and magnesium mobilization in the isolated rat heart. Magnesium Research, 
                           7, 187–197.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Takaki, M. (2012). Cardiac mechanoenergetics for understanding isoproterenol-induced rat heart failure. Pathophysiology, 
                           19, 163–170.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kitagawa, Y., Yamashita, D., Ito, H., & Takaki, M. (2004). Reversible effects of isoproterenol-induced hypertrophy on in situ left ventricular function in rat hearts. American Journal of Physiology Heart and Circulatory Physiology, 
                           287, H277–H285.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sameshima, H., Ota, A., & Ikenoue, T. (1999). Pretreatment with magnesium sulfate protects against hypoxic-ischemic brain injury but postasphyxial treatment worsens brain damage in seven-day-old rats. American Journal of Obstetrics and Gynecology, 
                           180, 725–730.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ferrera, R., Benhabbouche, S., Bopassa, J. C., Li, B., & Ovize, M. (2009). One hour reperfusion is enough to assess function and infarct size with TTC staining in Langendorff rat model. Cardiovascular Drugs and Therapy, 
                           23, 327–331.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Samsamshariat, S. A., Samsamshariat, Z. A., & Movahed, M. R. (2005). A novel method for safe and accurate left anterior descending coronary artery ligation for research in rats. Cardiovascular Revascularization Medicine, 
                           6, 121–123.
Article 
    PubMed 
    
                    Google Scholar 
                

	Curtis, M. J., Hancox, J. C., Farkas, A., Wainwright, C. L., Stables, C. L., Saint, D. A., et al. (2013). The Lambeth Conventions (II): Guidelines for the study of animal and human ventricular and supraventricular arrhythmias. Pharmacology and Therapeutics, 
                           139, 213–248.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Miller, L. E., Hosick, P. A., Wrieden, J., Hoyt, E., & Quindry, J. C. (2012). Evaluation of arrhythmia scoring systems and exercise-induced cardioprotection. Medicine and Science in Sports and Exercise, 
                           44, 435–441.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Garson, C., Kelly-Laubscher, R., Blackhurst, D., & Gwanyanya, A. (2015). Lack of cardioprotection by single-dose magnesium prophylaxis on isoprenaline-induced myocardial infarction in adult Wistar rats. Cardiovascular Journal of Africa, 26, 242–249.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Buwa, C. C., Mahajan, U. B., Patil, C. R., & Goyal, S. N. (2015). Apigenin attenuates beta-receptor-stimulated myocardial injury via safeguarding cardiac functions and escalation of antioxidant defence system. Cardiovascular Toxicology. doi:10.1007/s12012-015-9336-9.

                    Google Scholar 
                

	Dimitrow, P. P., Undas, A., Bober, M., Tracz, W., & Dubiel, J. S. (2008). Obstructive hypertrophic cardiomyopathy is associated with enhanced thrombin generation and platelet activation. Heart, 
                           94, e21.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ying, S. Q., Fang, L., Xiang, M. X., Xu, G., Shan, J., & Wang, J. A. (2007). Protective effects of magnesium against ischaemia-reperfusion injury through inhibition of P-selectin in rats. Clinical and Experimental Pharmacology and Physiology, 
                           34, 1234–1239.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Du, C. S., Yang, R. F., Song, S. W., Wang, Y. P., Kang, J. H., Zhang, R., et al. (2010). Magnesium lithospermate B protects cardiomyocytes from ischemic injury via inhibition of TAB 1-p38 apoptosis signaling. Frontiers in Pharmacology, 
                           1, 111.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Garcia, L. A., Dejong, S. C., Martin, S. M., Smith, R. S., Buettner, G. R., & Kerber, R. E. (1998). Magnesium reduces free radicals in an in vivo coronary occlusion–reperfusion model. Journal of the American College of Cardiology, 
                           32, 536–539.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kusniec, F., Fischer, G., Sela, B. A., Ashkenazy, Y., Feigel, D., Moshonov, S., & Zor, U. (1994). Magnesium protects against anaphylactic shock and cardiac myolysis in guinea-pigs. Journal of Basic and Clinical Physiology and Pharmacology, 
                           5, 45–58.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Barros, L. F., Chagas, A. C., da Luz, P. L., & Pileggi, F. (1995). Magnesium treatment of acute myocardial infarction: Effects on necrosis in an occlusion/reperfusion dog model. International Journal of Cardiology, 
                           48, 3–9.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Schlack, W., Bier, F., Schafer, M., Uebing, A., Schafer, S., Borchard, U., & Thamer, V. (1995). Intracoronary magnesium is not protective against acute reperfusion injury in the regional ischaemic-reperfused dog heart. European Journal of Clinical Investigation, 
                           25, 501–509.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Christensen, C. W., Rieder, M. A., Silverstein, E. L., & Gencheff, N. E. (1995). Magnesium sulfate reduces myocardial infarct size when administered before but not after coronary reperfusion in a canine model. Circulation, 
                           92, 2617–2621.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Herzog, W. R., Schlossberg, M. L., MacMurdy, K. S., Edenbaum, L. R., Gerber, M. J., Vogel, R. A., & Serebruany, V. L. (1995). Timing of magnesium therapy affects experimental infarct size. Circulation, 
                           92, 2622–2626.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Roberts, R., Husain, A., Ambos, H. D., Oliver, G. C., Cox, J. R, Jr, & Sobel, B. E. (1975). Relation between infarct size and ventricular arrhythmia. British Heart Journal, 
                           37, 1169–1175.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Nguyen, T. P., Qu, Z., & Weiss, J. N. (2014). Cardiac fibrosis and arrhythmogenesis: The road to repair is paved with perils. Journal of Molecular and Cellular Cardiology, 
                           70, 83–91.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kies, S. J., Pabelick, C. M., Hurley, H. A., White, R. D., & Ackerman, M. J. (2005). Anesthesia for patients with congenital long QT syndrome. Anesthesiology, 
                           102, 204–210.
Article 
    PubMed 
    
                    Google Scholar 
                

	Kaumann, A., Bartel, S., Molenaar, P., Sanders, L., Burrell, K., Vetter, D., et al. (1999). Activation of beta2-adrenergic receptors hastens relaxation and mediates phosphorylation of phospholamban, troponin I, and C-protein in ventricular myocardium from patients with terminal heart failure. Circulation, 
                           99, 65–72.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jin, Y. T., Hasebe, N., Matsusaka, T., Natori, S., Ohta, T., Tsuji, S., & Kikuchi, K. (2007). Magnesium attenuates isoproterenol-induced acute cardiac dysfunction and beta-adrenergic desensitization. American Journal of Physiology Heart and Circulatory Physiology, 
                           292, H1593–H1599.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Suzuki, N., Tanabe, K., Osada, N., Yamamoto, A., Nakayama, M., Yokoyama, Y., et al. (2000). Magnesium dynamics and relation to left ventricular function in acute myocardial infarction. Japanese Circulation Journal, 
                           64, 377–381.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hayashi, Y., Ohtani, M., Hiraishi, T., Kobayashi, Y., & Nakamura, T. (2006). “Initial, continuous and intermittent bolus” administration of minimally-diluted blood cardioplegia supplemented with potassium and magnesium for hypertrophied hearts. Heart, Lung and Circulation, 
                           15, 325–331.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wexler, B. C. (1979). Isoprenaline-induced myocardial infarction in spontaneously hypertensive rats. Cardiovascular Research, 
                           13, 450–458.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
MA was supported by UCT Clinical Scholar Programme VC Strategic Award and National Research Foundation (NRF) of South Africa Grant, RK-L by the UCT URC/Carnegie Research Development Grant, UCT Faculty of Health Sciences, and NRF (Grant No. 85768), and AG by the UCT URC/Carnegie Research Development Grant, NRF (Grant No. 91514), and ADInstruments (Australia) Grant.


Author information
Authors and Affiliations
	Department of Human Biology, Faculty of Health Sciences, University of Cape Town, Observatory, Cape Town, 7925, South Africa
Matthew Amoni, Morea Petersen & Asfree Gwanyanya

	Department of Biological Sciences, Faculty of Science, University of Cape Town, Rondebosch, Cape Town, 7700, South Africa
Roisin Kelly-Laubscher

	Academic Development Programme, Centre for Higher Education Development, University of Cape Town, Cape Town, South Africa
Roisin Kelly-Laubscher


Authors	Matthew AmoniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Roisin Kelly-LaubscherView author publications
You can also search for this author in
                        PubMed Google Scholar



	Morea PetersenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Asfree GwanyanyaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Asfree Gwanyanya.


Ethics declarations

              
              
                Conflict of interest

                The authors declare no conflict of interest.

              
            

Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Amoni, M., Kelly-Laubscher, R., Petersen, M. et al. Cardioprotective and Anti-arrhythmic Effects of Magnesium Pretreatment Against Ischaemia/Reperfusion Injury in Isoprenaline-Induced Hypertrophic Rat Heart.
                    Cardiovasc Toxicol 17, 49–57 (2017). https://doi.org/10.1007/s12012-015-9355-6
Download citation
	Published: 22 December 2015

	Issue Date: January 2017

	DOI: https://doi.org/10.1007/s12012-015-9355-6


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
	Arrhythmia
	Cardiac
	Hypertrophy
	Ischaemia/reperfusion
	Isoprenaline
	Magnesium








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.211.254.173
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    