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Abstract


Oxidative stress markers are novel factors shown to be related to cardiovascular (CVD) risk. We examined the effects of long-term exercise, age, and their interaction on plasma oxidized LDL (ox-LDL), nitrotyrosine, and myeloperoxidase (MPO) levels, all biomarkers of oxidative stress, and determined their association with plasma nitric oxide (NOx) levels as an index of NO bioavailability. Older (62±2 yr) active men (n=12) who had exercised for >30 years and young (25±4 yr) active men (n=7) who had exercised for >3 years were age- and BMI-matched to older (n=11) and young (n=8) inactive men. Young subjects had lower plasma nitrotyrosine levels than older subjects (P=0.047). Young inactive subjects had higher ox-LDL levels than either the young active (P=0.042) or the older active (P=0.041) subjects. In addition, plasma oxidative stress levels, particularly ox-LDL, were correlated with various conventional plasma lipoprotein-lipid levels, and in older subjects were associated with Framingham risk score (r=0.49, P=0.015). We found no relationships between plasma oxidative stress markers and NOx levels. The findings suggest that a sedentary lifestyle may be associated with higher ox-LDL levels and that the levels of oxidative stress markers are related to levels of other conventional CVD risk factors and overall CVD risk.





[bookmark: N10C2C]
Key words

exercise training - 
nitric oxide - 
reactive oxygen species - 
aging





 

[bookmark: ]

[bookmark: N1115A]
	
References


	
[bookmark: R2419-0001]1 Brinkley TE, Fenty-Stewart NM, Park JY, Brown MD, Hagberg JM. Plasma nitrate/nitrite levels are unchanged after long-term aerobic exercise training in older adults. Nitric Oxide 2009; 21: 234-238 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0002]2 Byun J, Mueller DM, Fabjan JS, Heinecke JW. Nitrogen dioxide radical generated by the myeloperoxidase-hydrogen peroxide-nitrite system promotes lipid peroxidation of low density lipoprotein. FEBS Lett 1999; 455: 243-246 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0003]3 Cai H, Harrison DG. Endothelial dysfunction in cardiovascular diseases: the role of oxidant stress. Circ Res 2000; 87: 840-844 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0004]4 Chevion S, Moran DS, Heled Y, Shani Y, Regev G, Abbou B, Berenshtein E, Stadtman ER, Epstein Y. Plasma antioxidant status and cell injury after severe physical exercise. Proc Natl Acad Sci U S A 2003; 100: 5119-5123 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0005]5 Cornelissen VA, Arnout J, Holvoet P, Fagard RH. Influence of exercise at lower and higher intensity on blood pressure and cardiovascular risk factors at older age. J Hypertens 2009; 27: 753-762 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0006]6 Daugherty A, Dunn JL, Rateri DL, Heinecke JW. Myeloperoxidase, a catalyst for lipoprotein oxidation, is expressed in human atherosclerotic lesions. J Clin Invest 1994; 94: 437-444 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0007]7 DeSouza CA, Shapiro LF, Clevenger CM, Dinenno FA, Monahan KD, Tanaka H, Seals DR. Regular aerobic exercise prevents and restores age-related declines in endothelium-dependent vasodilation in healthy men. Circulation 2000; 102: 1351-1357 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0008]8 Elosua R, Molina L, Fito M, Arquer A, Sanchez-Quesada JL, Covas MI, Ordonez-Llanos J, Marrugat J. Response of oxidative stress biomarkers to a 16-week aerobic physical activity program, and to acute physical activity, in healthy young men and women. Atherosclerosis 2003; 167: 327-334 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0009]9 Fatouros IG, Jamurtas AZ, Villiotou V, Pouliopoulou S, Fotinakis P, Taxildaris K, Deliconstantinos G. Oxidative stress responses in older men during endurance training and detraining. Med Sci Sports Exerc 2004; 36: 2065-2072 





PubMedGoogle Scholar





	
[bookmark: R2419-0010]10 Futterman LG, Lemberg L. Fifty percent of patients with coronary artery disease do not have any of the conventional risk factors. Am J Crit Care 1998; 7: 240-244 





PubMedGoogle Scholar





	
[bookmark: R2419-0011]11 Harriss DJ, Atkinson G. Update – Ethical standards in sport and exercise science research. Int J Sports Med 2011; 32: 819-821 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R2419-0012]12 Holvoet P, Vanhaecke J, Janssens S, Van de WF, Collen D. Oxidized LDL and malondialdehyde-modified LDL in patients with acute coronary syndromes and stable coronary artery disease. Circulation 1998; 98: 1487-1494 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0013]13 Hulthe J, Fagerberg B. Circulating oxidized LDL is associated with subclinical atherosclerosis development and inflammatory cytokines (AIR Study). Arterioscler Thromb Vasc Biol 2002; 22: 1162-1167 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0014]14 Jenkins NT, McKenzie JA, Hagberg JM, Witkowski S. Plasma fetuin-A concentrations in young and older high- and low-active men. Metabolism 2011; 60: 265-271 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0015]15 Jenkins NT, Witkowski S, Spangenburg EE, Hagberg JM. Effects of acute and chronic endurance exercise on intracellular nitric oxide in putative endothelial progenitor cells: role of NAPDH oxidase. Am J Physiol  2009; 297: H1798-H1805 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0016]16 Jessup W. Oxidized lipoproteins and nitric oxide. Curr Opin Lipidol 1996; 7: 274-280 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0017]17 Kutter D, Devaquet P, Vanderstocken G, Paulus JM, Marchal V, Gothot A. Consequences of total and subtotal myeloperoxidase deficiency: risk or benefit ?. Acta Haematol 2000; 104: 10-15 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0018]18 Leeuwenburgh C, Hardy MM, Hazen SL, Wagner P, Oh-ishi S, Steinbrecher UP, Heinecke JW. Reactive nitrogen intermediates promote low density lipoprotein oxidation in human atherosclerotic intima. J Biol Chem 1997; 272: 1433-1436 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0019]19 Leeuwenburgh C, Heinecke JW. Oxidative stress and antioxidants in exercise. Curr Med Chem 2001; 8: 829-838 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0020]20 Leeuwenburgh C, Rasmussen JE, Hsu FF, Mueller DM, Pennathur S, Heinecke JW. Mass spectrometric quantification of markers for protein oxidation by tyrosyl radical, copper, and hydroxyl radical in low density lipoprotein isolated from human atherosclerotic plaques. J Biol Chem 1997; 272: 3520-3526 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0021]21 Maeda S, Miyauchi T, Kakiyama T, Sugawara J, Iemitsu M, Irukayama-Tomobe Y, Murakami H, Kumagai Y, Kuno S, Matsuda M. Effects of exercise training of 8 weeks and detraining on plasma levels of endothelium-derived factors, endothelin-1 and nitric oxide, in healthy young humans. Life Sci 2001; 69: 1005-1016 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0022]22 Meisinger C, Baumert J, Khuseyinova N, Loewel H, Koenig W. Plasma oxidized low-density lipoprotein, a strong predictor for acute coronary heart disease events in apparently healthy, middle-aged men from the general population. Circulation 2005; 112: 651-657 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0023]23 Mergener M, Martins MR, Antunes MV, da Silva CC, Lazzaretti C, Fontanive TO, Suyenaga ES, Ardenghi PG, Maluf SW, Gamaro GD. Oxidative stress and DNA damage in older adults that do exercises regularly. Clin Biochem 2009; 42: 1648-1653 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0024]24 Mertens A, Holvoet P. Oxidized LDL and HDL: antagonists in atherothrombosis. FASEB J 2001; 15: 2073-2084 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0025]25 Minor Jr. RL, Myers PR, Guerra Jr. R, Bates JN, Harrison DG. Diet-induced atherosclerosis increases the release of nitrogen oxides from rabbit aorta. J Clin Invest 1990; 86: 2109-2116 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0026]26 Mora S, Cook N, Buring JE, Ridker PM, Lee IM. Physical activity and reduced risk of cardiovascular events: potential mediating mechanisms. Circulation 2007; 116: 2110-2118 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0027]27 Napoli C, Williams-Ignarro S, De Nigris F, Lerman LO, Rossi L, Guarino C, Mansueto G, Di Tuoro F, Pignalosa O, De Rosa G, Sica V, Ignarro LJ. Long-term combined beneficial effects of physical training and metabolic treatment on atherosclerosis in hypercholesterolemic mice. Proc Natl Acad Sci U S A 2004; 101: 8797-8802 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0028]28 Nedeljkovic ZS, Gokce N, Loscalzo J. Mechanisms of oxidative stress and vascular dysfunction. Postgrad Med J 2003; 79: 195-199 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0029]29 Nicholls SJ, Hazen SL. Myeloperoxidase and cardiovascular disease. Arterioscler Thromb Vasc Biol 2005; 25: 1102-1111 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0030]30 Palinski W, Rosenfeld ME, Yla-Herttuala S, Gurtner GC, Socher SS, Butler SW, Parthasarathy S, Carew TE, Steinberg D, Witztum JL. Low density lipoprotein undergoes oxidative modification in vivo. Proc Natl Acad Sci U S A 1989; 86: 1372-1376 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0031]31 Richter B, Niessner A, Penka M, Grdic M, Steiner S, Strasser B, Ziegler S, Zorn G, Maurer G, Simeon-Rudolf V, Wojta J, Huber K. Endurance training reduces circulating asymmetric dimethylarginine and myeloperoxidase levels in persons at risk of coronary events. Thromb Haemost 2005; 94: 1306-1311 





PubMedGoogle Scholar





	
[bookmark: R2419-0032]32 Shishehbor MH, Aviles RJ, Brennan ML, Fu X, Goormastic M, Pearce GL, Gokce N, Keaney Jr. JF, Penn MS, Sprecher DL, Vita JA, Hazen SL. Association of nitrotyrosine levels with cardiovascular disease and modulation by statin therapy. JAMA 2003; 289: 1675-1680 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0033]33 Sohal RS, Weindruch R. Oxidative stress, caloric restriction, and aging. Science 1996; 273: 59-63 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0034]34 Souza JM, Peluffo G, Radi R. Protein tyrosine nitration – functional alteration or just a biomarker?. Free Radic Biol Med 2008; 45: 357-366 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0035]35 Stocker R, Keaney Jr JF. Role of oxidative modifications in atherosclerosis. Physiol Rev 2004; 84: 1381-1478 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0036]36 Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. Prediction of coronary heart disease using risk factor categories. Circulation 1998; 97: 1837-1847 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0037]37 Witkowski S, Lockard MM, Jenkins NT, Obisesan TO, Spangenburg EE, Hagberg JM. Relationship between circulating progenitor cells, vascular function and oxidative stress with long-term training and short-term detraining in older men. Clin Sci (Lond) 2010; 118: 303-311 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2419-0038]38 Zhang R, Brennan ML, Fu X, Aviles RJ, Pearce GL, Penn MS, Topol EJ, Sprecher DL, Hazen SL. Association between myeloperoxidase levels and risk of coronary artery disease. JAMA 2001; 286: 2136-2142 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 54.226.229.159
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  