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                                     Abstract
Ischemic heart disease is caused by obstruction of the coronary arteries that reduces myocardial perfusion. The most efficient way to restore blood supply to the ischemic myocardium is reperfusion of the affected area. However, if reperfusion is initiated too late, it enhances ischemia-reperfusion damage to the heart. Oxidative stress is one of the major causes for the development of ischemia-reperfusion (I/R) injury to the heart, which is characterized by decreased functional performance, ultrastructural changes and metabolic alterations. Excessive formation of oxyradicals during the development of I/R injury has now been shown to produce a wide variety of abnormalities in cardiac subcellular organelles such as sarcolemma, sarcoplasmic reticulum, mitochondria and myofibrils. Different reactive oxygen species (ROS) have been shown to cause alterations in several proteins leading to their malfunction and changes in enzyme activities. Lipid peroxidation leads to depressed membrane fluidity and increased permeability, as well as changes in gene expression leading to impaired recovery of cardiac dysfunction due to I/R injury. Since the redox status of cardiomyocytes depends mainly on the balance between ROS production and availability of endogenous antioxidant defense systems, extensive efforts are made to maintain the redox status during I/R injury. Cardioprotection by ischemic conditioning as well as treatment of the heart with exogenous antioxidants have been observed to result in the increased availability of endogenous antioxidants and prevent oxidative damage to subcellular organelles. Thus antioxidant therapy is considered to be a promising strategy to decrease the I/R induced damage to the heart. Accordingly, this article is intended to describe the mechanisms of oxidative stress induced subcellular defects leading to cardiac dysfunction due to I/R injury and to outline the role of antioxidant defense mechanisms in the prevention as well as treatment of the ischemic heart disease.
Keywords
	Oxyradicals
	Iintracellular Ca2+-overload
	Antioxidants
	Oxidative stress
	Subcellular abnormalities
	Cardiac dysfunction
	Ischemia-reperfusion injury
	Lipid peroxidation
	Proteolysis




                                
                            

                            
                                
                                    
                                        
                                            
                                                
                                                   This is a preview of subscription content, log in via an institution.
                                                
                                            

                                        

                                    
                                
                                
                                    
                                        
                                            
 
  
   Buying options

   
    
     	
       
        Chapter
      
	
       
        USD   29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter
     

    

    
     	
       
        eBook
      
	
       USD   149.00
      
	
       Price excludes VAT (USA)
      


        
      	Available as EPUB and PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook
     

    

    
     	
       
        Softcover Book
      
	
       USD   199.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book
     

    

    
     	
       
        Hardcover Book
      
	
       USD   199.99
      
	
       Price excludes VAT (USA)
      


        
      	Durable hardcover edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Hardcover Book
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only
Learn about institutional subscriptions
  

 

 
 


                                        

                                    
                                
                            

                            

                            
                            
                                
                            


                            

                            

                             References
	Dhalla NS, Saini-Chohan HK, Duhamel TA (2008) Strategies for the regulation of intracellular calcium in ischemic heart disease. Future Cardiol 4:339–345
Article 
    PubMed 
    
                    Google Scholar 
                

	Dhalla NS, Saini HK, Tappia PS et al (2007) Potential role and mechanisms of subcellular remodeling in cardiac dysfunction due to ischemic heart disease. J Cardiovasc Med 8:238–250
Article 
    
                    Google Scholar 
                

	Dhalla NS, Elmoselhi AB, Hata T, Makino N (2000) Status of myocardial antioxidants in ischemia-reperfusion injury. Cardiovasc Res 47:446–456
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ceconi C, Cargnoni A, Pasini E et al (1991) Evaluation of phospholipid peroxidation as malondialdehyde during myocardial ischemia and reperfusion injury. Am J Physiol 260:H1057–H1061
CAS 
    PubMed 
    
                    Google Scholar 
                

	Majzunova M, Dovinova I, Barancik M, Chan JY (2013) Redox signaling in pathophysiology of hypertension. Biomed Sci 20:69–74
Article 
    CAS 
    
                    Google Scholar 
                

	Müller BA, Dhalla NS (2010) Mechanisms of the beneficial actions of ischemic preconditioning on subcellular remodeling in ischemic-reperfused heart. Curr Cardiol Rev 6:255–264
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Balakumar P, Jagadeesh G (2010) Multifarious molecular signaling cascades of cardiac hypertrophy: can the muddy waters be cleared? Pharmacol Res 62:365–383
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Montezano AC, Touyz RM (2012) Reactive oxygen species and endothelial function--role of nitric oxide synthase uncoupling and Nox family nicotinamide adenine dinucleotide phosphate oxidases. Basic Clin Pharmacol Toxicol 110:87–94
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zweier JL, Chen CA, Druhan LJ (2011) S-glutathionylation reshapes our understanding of endothelial nitric oxide synthase uncoupling and nitric oxide/reactive oxygen species-mediated signaling. Antioxid Redox Signal 14:1769–1775
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Berry CE, Hare JM (2004) Xanthine oxidoreductase and cardiovascular disease: molecular mechanisms and pathophysiological implications. J Physiol 555:589–606
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chen Q, Camara AK, Stowe DF et al (2007) Modulation of electron transport protects cardiac mitochondria and decreases myocardial injury during ischemia and reperfusion. Am J Physiol Cell Physiol 292:C137–C147
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yoshioka J, Lee RT (2014) Thioredoxin-interacting protein and myocardial mitochondrial function in ischemia-reperfusion injury. Trends Cardiovasc Med 24:75–80
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	McLeod CJ, Aziz A, Hoyt RF Jr et al (2005) Uncoupling proteins 2 and 3 function in concert to augment tolerance to cardiac ischemia. J Biol Chem 280:33470–33476
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nadtochiy SM, Tompkins AJ, Brookes PS (2006) Different mechanisms of mitochondrial proton leak in ischaemia/reperfusion injury and preconditioning: implications for pathology and cardioprotection. Biochem J 395:611–618
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Chen Q, Hoppel CL, Lesnefsky EJ (2006) Blockade of electron transport before cardiac ischemia with the reversible inhibitor amobarbital protects rat heart mitochondria. J Pharmacol Exp Ther 316:200–207
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Makazan Z, Saini HK, Dhalla NS (2007) Role of oxidative stress in alterations of mitochondrial function in ischemic-reperfused hearts. Am J Physiol Heart Circ Physiol 292:H1986–H1994
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Dixon IM, Kaneko M, Hata T et al (1990) Alterations in cardiac membrane Ca2+ transport during oxidative stress. Mol Cell Biochem 99:125–133
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Saini-Chohan HK, Dhalla NS (2009) Attenuation of ischemia-reperfusion-induced alterations in intracellular Ca2+ in cardiomyocytes from hearts treated with N-acetylcysteine and N-mercaptopropionylglycine. Can J Physiol Pharmacol 87:1110–1119
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Li Q, Su D, O'Rourke B et al (2015) Mitochondria-derived ROS bursts disturb Ca2+ cycling and induce abnormal automaticity in guinea pig cardiomyocytes: a theoretical study. Am J Physiol Heart Circ Physiol 308:H623–H636
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Santulli G, Xie W, Reiken SR, Marks AR (2015) Mitochondrial calcium overload is a key determinant in heart failure. Proc Natl Acad Sci U S A 112:11389–11394
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Anderson EJ, Katunga LA, Willis MS (2012) Mitochondria as a source and target of lipid peroxidation products in healthy and diseased heart. Clin Exp Pharmacol Physiol 39:179–193
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jezek P, Hlavatá L (2005) Mitochondria in homeostasis of reactive oxygen species in cell, tissues, and organism. Int J Biochem Cell Biol 37:2478–2503
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bacot S, Bernoud-Hubac N, Baddas N et al (2003) Covalent binding of hydroxy-alkenals 4-HDDE, 4-HHE, and 4-HNE to ethanolamine phospholipid subclasses. J Lipid Res 44:917–926
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Paradies G, Petrosillo G, Paradies V, Ruggiero FM (2009) Role of cardiolipin peroxidation and Ca2+ in mitochondrial dysfunction and disease. Cell Calcium 45:643–650
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Paradies G, Petrosillo G, Paradies V, Ruggiero FM (2010) Oxidative stress, mitochondrial bioenergetics, and cardiolipin in aging. Free Radic Biol Med 48:1286–1295
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chicco AJ, Sparagna GC (2007) Role of cardiolipin alterations in mitochondrial dysfunction and disease. Am J Physiol Cell Physiol 292:C33–C44
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chen JJ, Yu BP (1994) Alterations in mitochondrial membrane fluidity by lipid peroxidation products. Free Radic Biol Med 17:411–418
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Goldstein RM, Weissmann G (1977) Effects of the generation of superoxide anion on permeability of liposomes. Biochem Biophys Res Commun 75:604–609
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ferko M, Kancirová I, Jašová M et al (2014) Remote ischemic preconditioning of the heart: protective responses in functional and biophysical properties of cardiac mitochondria. Physiol Res 63:S469–S478
CAS 
    PubMed 
    
                    Google Scholar 
                

	Ferko M, Kancirová I, Jašová M et al (2015) Participation of heart mitochondria in myocardial protection against ischemia/reperfusion injury: benefit effects of short-term adaptation processes. Physiol Res 64:S617–S625
CAS 
    PubMed 
    
                    Google Scholar 
                

	Müller AL, Hryshko LV, Dhalla NS (2013) Extracellular and intracellular proteases in cardiac dysfunction due to ischemia-reperfusion injury. Int J Cardiol 164:39–47
Article 
    PubMed 
    
                    Google Scholar 
                

	Singh RB, Hryshko L, Freed D, Dhalla NS (2012) Activation of proteolytic enzymes and depression of the sarcolemmal Na+/K+-ATPase in ischemia-reperfused heart may be mediated through oxidative stress. Can J Physiol Pharmacol 90:249–260
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ostadal P, Elmoselhi AB, Zdobnicka I et al (2004) Role of oxidative stress in ischemia-reperfusion-induced changes in Na+, K+-ATPase isoform expression in rat heart. Antioxid Redox Signal 6:914–923
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Van Eyk JE, Powers F, Law W et al (1998) Breakdown and release of myofilament proteins during ischemia and ischemia/reperfusion in rat hearts: identification of degradation products and effects on the pCa-force relation. Circ Res 82:261–271
Article 
    PubMed 
    
                    Google Scholar 
                

	Di Lisa F, De Tullio R, Salamino F et al (1995) Specific degradation of troponin T and I by mu-calpain and its modulation by substrate phosphorylation. Biochem J 308:57–61
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Zhang Z, Biesiadecki BJ, Jin JP (2006) Selective deletion of the NH2-terminal variable region of cardiac troponin T in ischemia reperfusion by myofibril-associated mu-calpain cleavage. Biochemistry 45:11681–11694
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Netticadan T, Temsah R, Osada M, Dhalla NS (1999) Status of Ca2+/calmodulin protein kinase phosphorylation of cardiac SR proteins in ischemia-reperfusion. Am J Physiol 277:C384–C391
CAS 
    PubMed 
    
                    Google Scholar 
                

	Temsah RM, Netticadan T, Chapman D et al (1999) Alterations in sarcoplasmic reticulum function and gene expression in ischemic-reperfused rat heart. Am J Physiol 277:H584–H594
CAS 
    PubMed 
    
                    Google Scholar 
                

	Steinberg SF (2013) Oxidative stress and sarcomeric proteins. Circ Res 112:393–405
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Canton M, Menazza S, Sheeran FL et al (2011) Oxidation of myofibrillar proteins in human heart failure. J Am Coll Cardiol 57:300–309
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Canton M, Skyschally A, Menabò R et al (2006) Oxidative modification of tropomyosin and myocardial dysfunction following coronary microembolization. Eur Heart J 27:875–881
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Avner BS, Shioura KM, Scruggs SB et al (2012) Myocardial infarction in mice alters sarcomeric function via post-translational protein modification. Mol Cell Biochem 363:203–215
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Eaton P, Byers HL, Leeds N et al (2002) Detection, quantitation, purification, and identification of cardiac proteins S-thiolated during ischemia and reperfusion. J Biol Chem 277:9806–9811
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mikhed Y, Görlach A, Knaus UG, Daiber A (2015) Redox regulation of genome stability by effects on gene expression, epigenetic pathways and DNA damage/repair. Redox Biol 5:275–289
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Adcock IM, Cosio B, Tsaprouni L et al (2005) Redox regulation of histone deacetylases and glucocorticoid-mediated inhibition of the inflammatory response. Antioxid Redox Signal 7:144–152
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fourquet S, Guerois R, Biard D, Toledano MB (2010) Activation of NRF2 by nitrosative agents and H2O2 involves KEAP1 disulfide formation. J Biol Chem 285:8463–8471
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Schenk H, Klein M, Erdbrügger W et al (1994) Distinct effects of thioredoxin and antioxidants on the activation of transcription factors NF-kappa B and AP-1. Proc Natl Acad Sci U S A 91:1672–1676
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yeh CH, Chen TP, Wang YC et al (2009) HO-1 activation can attenuate cardiomyocytic apoptosis via inhibition of NF-kappa B and AP-1 translocation following cardiac global ischemia and reperfusion. J Surg Res 155:147–156
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Liu RH, Hotchkiss JH (1995) Potential genotoxicity of chronically elevated nitric oxide: a review. Mutat Res 339:73–89
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Guetens G, De Boeck G, Highley M et al (2002) Oxidative DNA damage: biological significance and methods of analysis. Crit Rev Clin Lab Sci 39:331–457
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cyr AR, Domann FE (2011) The redox basis of epigenetic modifications: from mechanisms to functional consequences. Antioxid Redox Signal 15:551–589
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Baird AM, O’Byrne KJ, Gray SG (2014) Reactive oxygen species and reactive nitrogen species in epigenetic modifications. In: Laher I (ed) Systems biology of free radicals and antioxidants. Springer, Berlin/Heidelberg, pp 437–455
Chapter 
    
                    Google Scholar 
                

	Cheng Y, Liu X, Zhang S et al (2009) MicroRNA-21 protects against the H2O2-induced injury on cardiac myocytes via its target gene PDCD4. J Mol Cell Cardiol 47:5–14
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ye Y, Perez-Polo JR, Qian J, Birnbaum Y (2011) The role of microRNA in modulating myocardial ischemia-reperfusion injury. Physiol Genomics 43:534–542
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhai C, Tang G, Peng L et al (2015) Inhibition of microRNA-1 attenuates hypoxia/re-oxygenation-induced apoptosis of cardiomyocytes by directly targeting Bcl-2 but not GADD45Beta. Am J Transl Res 7:1952–1962
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Varga ZV, Zvara A, Faragó N et al (2014) MicroRNAs associated with ischemia-reperfusion injury and cardioprotection by ischemic pre- and postconditioning: protectomics. Am J Physiol Heart Circ Physiol 307:H216–H222
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yang J, Chen L, Ding J et al (2016) Cardioprotective effect of miRNA-22 on hypoxia/reoxygenation induced cardiomyocyte injury in neonatal rats. Gene 579:17–22
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Giordano FJ (2005) Oxygen, oxidative stress, hypoxia, and heart failure. J Clin Invest 115:500–508
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Xu J, Qin X, Cai X et al (2015) Mitochondrial JNK activation triggers autophagy and apoptosis and aggravates myocardial injury following ischemia/reperfusion. Biochim Biophys Acta 1852:262–270
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yin H, Chao L, Chao J (2008) Nitric oxide mediates cardiac protection of tissue kallikrein by reducing inflammation and ventricular remodeling after myocardial ischemia/reperfusion. Life Sci 82:156–165
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Heusch G, Boengler K, Schulz R (2008) Cardioprotection: nitric oxide, protein kinases, and mitochondria. Circulation 118:1915–1919
Article 
    PubMed 
    
                    Google Scholar 
                

	Fujio Y, Nguyen T, Wencker D et al (2000) Akt promotes survival of cardiomyocytes in vitro and protects against ischemia-reperfusion injury in mouse heart. Circulation 101:660–667
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lips DJ, Bueno OF, Wilkins BJ et al (2004) MEK1-ERK2 signaling pathway protects myocardium from ischemic injury in vivo. Circulation 109:1938–1941
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lee S, Chanoit G, McIntosh R et al (2009) Molecular mechanism underlying Akt activation in zinc-induced cardioprotection. Am J Physiol Heart Circ Physiol 297:H569–H575
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kovacs K, Hanto K, Bognar Z et al (2009) Prevalent role of Akt and ERK activation in cardioprotective effect of Ca2+ channel- and beta-adrenergic receptor blockers. Mol Cell Biochem 321:155–164
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yu J, Wang L, Akinyi M et al (2015) Danshensu protects isolated heart against ischemia reperfusion injury through activation of Akt/ERK1/2/Nrf2 signaling. Int J Clin Exp Med 8:14793–14804
PubMed 
    PubMed Central 
    
                    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 
                

	Sun Z, Huang Z, Zhang DD (2009) Phosphorylation of Nrf2 at multiple sites by MAP kinases has a limited contribution in modulating the Nrf2-dependent antioxidant response. Plos One 4:e6588
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Martin D, Rojo AI, Salinas M et al (2004) Regulation of heme oxygenase-1 expression through the phosphatidylinositol 3-kinase/Akt pathway and the Nrf2 transcription factor in response to the antioxidant phytochemical carnosol. J Biol Chem 279:8919–8929
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yet SF, Tian R, Layne MD et al (2001) Cardiac-specific expression of heme oxygenase-1 protects against ischemia and reperfusion injury in transgenic mice. Circ Res 89:168–173
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Collino M, Pini A, Mugelli N et al (2013) Beneficial effect of prolonged heme oxygenase 1 activation in a rat model of chronic heart failure. Dis Model Mech 6:1012–1020
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ying Z, Yue P, Xu X et al (2009) Air pollution and cardiac remodeling: a role for RhoA/Rho-kinase. Am J Physiol Heart Circ Physiol 296:H1540–H1550
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Raffetto JD, Khalil RA (2008) Matrix metalloproteinases and their inhibitors in vascular remodeling and vascular disease. Biochem Pharmacol 75:346–359
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Schiffrin EL (2004) Vascular stiffening and arterial compliance. Implications for systolic blood pressure. Am J Hypertens 17:39S–48S
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gurjar MV, DeLeon J, Sharma RV, Bhalla RC (2001) Mechanism of inhibition of matrix metalloproteinase-9 induction by NO in vascular smooth muscle cells. J Appl Physiol 91:1380–1386
CAS 
    PubMed 
    
                    Google Scholar 
                

	Turrens JF, Thornton J, Barnard ML et al (1992) Protection from reperfusion injury by preconditioning hearts does not involve increased antioxidant defenses. Am J Physiol 262:H585–H589
CAS 
    PubMed 
    
                    Google Scholar 
                

	Arduini A, Mezzetti A, Porreca E et al (1988) Effect of ischemia and reperfusion on antioxidant enzymes and mitochondrial inner membrane proteins in perfused rat heart. Biochim Biophys Acta 970:113–121
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Das DK, Engelman RM, Kimura Y (1993) Molecular adaptation of cellular defences following preconditioning of the heart by repeated ischaemia. Cardiovasc Res 27:578–584
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Undyala V, Terlecky SR, Van der Heide RS (2011) Targeted intracellular catalase delivery protects neonatal rat myocytes from hypoxia-reoxygenation and ischemia-reperfusion injury. Cardiovasc Pathol 20:272–280
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chen Z, Siu B, Ho YS et al (1998) Overexpression of MnSOD protects against myocardial ischemia/reperfusion injury in transgenic mice. J Mol Cell Cardiol 30:2281–2289
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Woo YJ, Zhang JC, Vijayasarathy C et al (1998) Recombinant adenovirus-mediated cardiac gene transfer of superoxide dismutase and catalase attenuates postischemic contractile dysfunction. Circulation 98:255–261
CAS 
    
                    Google Scholar 
                

	Barteková M, Simončíková P, Fogarassyová M et al (2015) Quercetin improves postischemic recovery of heart function in doxorubicin-treated rats and prevents doxorubicin-induced matrix metalloproteinase-2 activation and apoptosis induction. Int J Mol Sci 16:8168–8185

                    Google Scholar 
                

	Cheng L, Jin Z, Zhao R et al (2015) Resveratrol attenuates inflammation and oxidative stress induced by myocardial ischemia-reperfusion injury: role of Nrf2/ARE pathway. Int J Clin Exp Med 8:10420–10428
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Sun G, Li Y, Ji Z (2015) Atorvastatin attenuates inflammation and oxidative stress induced by ischemia/reperfusion in rat heart via the Nrf2 transcription factor. Int J Clin Exp Med 8:14837–14845
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Qu D, Han J, Ren H et al (2016) Cardioprotective effects of astragalin against myocardial ischemia/reperfusion injury in isolated rat heart. Oxid Med Cell Longev 2016:8194690
PubMed 
    
                    Google Scholar 
                

	Hoshida S, Kuzuya T, Fuji H et al (1993) Sublethal ischemia alters myocardial antioxidant activity in canine heart. Am J Physiol 264:H33–H39
CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhou X, Zhai X, Ashraf M (1996) Direct evidence that initial oxidative stress triggered by preconditioning contributes to second window of protection by endogenous antioxidant enzyme in myocytes. Circulation 93:1177–1184
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tang XL, Qiu Y, Turrens JF et al (1997) Late preconditioning against stunning is not mediated by increased antioxidant defenses in conscious pigs. Am J Physiol 273:H1651–H1657
CAS 
    PubMed 
    
                    Google Scholar 
                

	Ikizler M, Erkasap N, Dernek S et al (2007) Dietary polyphenol quercetin protects rat hearts during reperfusion: enhanced antioxidant capacity with chronic treatment. Anadolu Kardiyol Derg 7:404–410
PubMed 
    
                    Google Scholar 
                

	Bartekova M, Carnicka S, Pancza D et al (2010) Acute treatment with polyphenol quercetin improves postischemic recovery of isolated perfused rat hearts after global ischemia. Can J Physiol Pharmacol 88:465–471
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Li J, Xie C, Zhuang J et al (2015) Resveratrol attenuates inflammation in the rat heart subjected to ischemia-reperfusion: Role of the TLR4/NF-kB signaling pathway. Mol Med Rep 11:1120–1126
CAS 
    PubMed 
    
                    Google Scholar 
                

	Mokni M, Hamlaoui S, Karkouch I et al (2013) Resveratrol provides cardioprotection after ischemia/reperfusion injury via modulation of antioxidant enzyme activities. Iran J Pharm Res 12:867–875
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Mukhopadhyay P, Mukherjee S, Ahsan K et al (2010) Restoration of altered microRNA expression in the ischemic heart with resveratrol. PLoS One 5:e15705
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Das S, Santani DD, Dhalla NS (2007) Experimental evidence for the cardioprotective effects of red wine. Exp Clin Cardiol 12:5–10
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Khandelwal VK, Balaraman R, Pancza D, Ravingerová T (2011) Hemidesmus indicus and Hibiscus rosa-sinensis affect ischemia reperfusion injury in isolated rat hearts. Evid Based Complement Alternat Med 2011:802937
Article 
    PubMed 
    
                    Google Scholar 
                

	Jian J, Xuan F, Qin F, Huang R (2015) Bauhinia championii flavone inhibits apoptosis and autophagy via the PI3K/Akt pathway in myocardial ischemia/reperfusion injury in rats. Drug Des Devel Ther 9:5933–5945
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Brosková Z, Drábiková K, Sotníková R et al (2013) Effect of plant polyphenols on ischemia-reperfusion injury of the isolated rat heart and vessels. Phytother Res 27:1018–1022
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Yang Y, Duan W, Lin Y et al (2013) SIRT1 activation by curcumin pretreatment attenuates mitochondrial oxidative damage induced by myocardial ischemia reperfusion injury. Free Radic Biol Med 65:667–679
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Li W, Wu M, Tang L et al (2015) Novel curcumin analogue 14p protects against myocardial ischemia reperfusion injury through Nrf2-activating anti-oxidative activity. Toxicol Appl Pharmacol 282:175–183
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Turan B, Saini HK, Zhang M et al (2005) Selenium improves cardiac function by attenuating the activation of NF-kappaB due to ischemia-reperfusion injury. Antioxid Redox Signal 7:1388–1397
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sethi R, Takeda N, Nagano M, Dhalla NS (2000) Beneficial effects of vitamin E treatment in acute myocardial infarction. J Cardiovasc Pharmacol Ther 5:51–58
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Maddika S, Elimban V, Chapman D, Dhalla NS (2009) Role of oxidative stress in ischemia-reperfusion-induced alterations in myofibrillar ATPase activities and gene expression in the heart. Can J Physiol Pharmacol 87:120–129
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Senturk T, Çavun S, Avcı B et al (2014) Effective inhibition of cardiomyocyte apoptosis through the combination of trimetazidine and N-acetylcysteine in a rat model of myocardial ischemia and reperfusion injury. Atherosclerosis 237:760–766
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yesilbursa D, Serdar A, Senturk T et al (2006) Effect of N-acetylcysteine on oxidative stress and ventricular function in patients with myocardial infarction. Heart Vessels 21:33–37
Article 
    PubMed 
    
                    Google Scholar 
                

	Stone PH, Lloyd-Jones DM, Kinlay S et al (2005) Effect of intensive lipid lowering, with or without antioxidant vitamins, compared with moderate lipid lowering on myocardial ischemia in patients with stable coronary artery disease: the vascular basis for the treatment of myocardial ischemia study. Circulation 111:1747–1755
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rodrigo R, Hasson D, Prieto JC et al (2014) The effectiveness of antioxidant vitamins C and E in reducing myocardial infarct size in patients subjected to percutaneous coronary angioplasty (PREVEC Trial): study protocol for a pilot randomized double-blind controlled trial. Trials 15:192–201
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                


Download references




 Author information
Authors and Affiliations
	Institute for Heart Research, Slovak Academy of Sciences, Bratislava, Slovak Republic
Monika Bartekova & Miroslav Barancik

	Institute of Cardiovascular Sciences, St. Boniface Hospital Albrechtsen Research Centre, Department of Physiology and Pathophysiology, Max Rady College of Medicine, University of Manitoba, Winnipeg, Canada
Naranjan S. Dhalla


Authors	Monika BartekovaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Miroslav BarancikView author publications
You can also search for this author in
                        PubMed Google Scholar



	Naranjan S. DhallaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Naranjan S. Dhalla .


 Editor information
Editors and Affiliations
	School of Medicine, University of Buenos Aires, Buenos Aires, Argentina
Ricardo Jorge Gelpi 

	School of Pharmacy and Biochemistry, University of Buenos Aires, Buenos Aires, Argentina
Alberto Boveris 

	Instituto de Inmunología, Genética y Metabolismo (INIGEM, UBA–CONICET), Laboratorio de Metabolismo del Oxígeno, Hospital Universitario, Universidad de Buenos Aires, Buenos Aires, Argentina
Juan José Poderoso 




 Rights and permissions
Reprints and permissions


 Copyright information
© 2016 Springer International Publishing Switzerland


 About this chapter
Cite this chapter
Bartekova, M., Barancik, M., Dhalla, N.S. (2016).  Role of Oxidative Stress in Subcellular Defects in Ischemic Heart Disease.

                     In: Gelpi, R., Boveris, A., Poderoso, J. (eds) Biochemistry of Oxidative Stress. Advances in Biochemistry in Health and Disease, vol 16. Springer, Cham. https://doi.org/10.1007/978-3-319-45865-6_9
Download citation
	.RIS
	.ENW
	.BIB

	DOI: https://doi.org/10.1007/978-3-319-45865-6_9

	Published: 29 December 2016

	
                            Publisher Name: Springer, Cham

	
                                Print ISBN: 978-3-319-45864-9

	
                                Online ISBN: 978-3-319-45865-6

	eBook Packages: Biomedical and Life SciencesBiomedical and Life Sciences (R0)


Share this chapter
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
                            







 Publish with us
Policies and ethics



                            
                            
    

                        

                    
                
                
                    
                        
                            
                                
                                    
                                        
                                            Access via your institution
                                            
                                                
                                            
                                        
                                    

                                
                            
                        
                        
                            
                        


                        
                            
                        


                        
                            

                                
                                    
                                        
                                            
 
  
   Buying options

   
    
     	
       
        Chapter
      
	
       
        USD   29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter
     

    

    
     	
       
        eBook
      
	
       USD   149.00
      
	
       Price excludes VAT (USA)
      


        
      	Available as EPUB and PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook
     

    

    
     	
       
        Softcover Book
      
	
       USD   199.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book
     

    

    
     	
       
        Hardcover Book
      
	
       USD   199.99
      
	
       Price excludes VAT (USA)
      


        
      	Durable hardcover edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Hardcover Book
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only
Learn about institutional subscriptions
  

 

 
 


                                        

                                    
                                

                                

                                

                                

                            

                        

                    
                

            
    

        
    


    
        
            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
                        
                        
                    


        
    
    
        
            
                
                54.146.245.104
            

            Not affiliated

        

    
    
        
            
        
    
    © 2024 Springer Nature




	


    



    

    
    
    


