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1. NG-nitro-L-arginine methyl ester
2. NG-monomethyl-L-arginine



\yvay QL’.’.m.gU ¥ 5,lods Ve 590 (W9 () pole \PY

NO i S o il 00y yiiion (6 lolise ;0 ]S 09,5 L anlde jo 85,9 05,5 0 &l s

Sl wslite il Sl eadslogl (ohy 85 5l 6 Sl g Sy o] B 0 5 sy
colled 8 sblas BT 5 cise coly ) a5 oog amgy obls HIT 35,5 colled o 0 05>

el 05,5 sloml B s il 85l L2alS L1y 55 s

S A
ae cbli> 4 HIIT 6,90 S5 o o, 5l aS s lols las et ol mls aods jsbay

stals saze Gl ig3 [ poSnl ol 5l G 1) ) e oSl 851l g 09 e i (8

ool NO-NO3, NO; jgome 53 susl 3 &l pris Ylais| cans oo

Sl g
Sy saSails Sy oBitslol g ()59 Sielged oKialejl ol San den 5l abewgena

S e (5 s JISS (gdama S0 GBI Glix (ge)alad Soy psle olKails jo o SKan ¢ o
JLS 355 b 035 ol ol 5 1y Lo oS lise s 5 Ml s IS s iiiler o

el ly gleyad g S

Bl g alv

1.Ve'ronique L. Rogeret al . Heart Disease and Stroke Statistics( 2011 )Update A Report
From the American Heart Association WRITING GROUP MEMBERS. Circulation.
123:e18-e209.

2. Hyoung Kyu Kim, Vu Thi Thu, Hye-Jin Heo, Nari Kim and Jin Han. (2011) Cardiac
proteomic responses to ischemia—reperfusion injury and ischemic preconditioning Expert
Rev. Proteomics 8 (2), 241-261.

3.John W. Calvert (2011). Cardioprotective effects of nitrite during exercise .Cardiovascular
Research, 89, 499-506 .

4. Hanley PJ, Daut J (2005). K(ATP) channels and preconditioning: a re-examination of the
role of mitochondrial K(ATP) channels and an overview of alternative mechanisms. J Mol
Cell Cardiol;39:17-50.

5. Freimann S, Scheinowitz M, Yekutieli D, Feinberg MS, Eldar M, Kessler-lcekson G
(2005). Prior exercise training improves the outcome of acute myocardial infarction in the
rat. Heart structure, function, and gene expression. J Am Coll Cardiol,45: 931-938.



41 v HNT) sy (s 09l5 (o359 ot o5 atitd A b g3k (b pib iy 13T

6. Ma XL, Weyrich AS, Lefer DJ, Lefer AM (1993). Diminished basal nitric oxide release
after myocardial ischemia and reperfusion promotes neutrophil adherence to coronary
endothelium. Circ Res,72:403-412.

7. Lefer AM (1995). Attenuation of myocardial ischemia-reperfusion injury with nitric oxide
replacement therapy. Ann Thorac Surg,60:847-851.

8. Thomas DD, Liu X, Kantrow SP, Lancaster JR Jr (2001). The biological lifetime of nitric
oxide: implications for the perivascular dynamics of NO and O2. Proc Natl Acad Sci
USA,98:355-360.

9. Li J, Bombeck CA, Yang S, Kim YM, Billiar TR (1999). Nitric oxide suppresses apoptosis
via interrupting caspase activation and mitochondrial dysfunction in cultured hepatocytes.
J Biol Chem,274:17325-17333.

10. Momken |, Lechene P, Ventura-Clapier R, Veksler VV (2004). Voluntary physical activity
alterations in endothelial nitric oxide synthase knockout mice. Am J Physiol Heart Circ
Physiol,287:H914—-H920.

11. Ojaimi C, LiW, Kinugawa S, Post H, Csiszar A, Pacher P et al (2005). Transcriptional
basis for exercise limitation in male eNOS-knockout mice with age: heart failure and the
fetal phenotype. Am J Physiol Heart Circ Physiol,289:H1399-H1407.

12.Endres M, Gertz K, Lindauer U, Katchanov J, Schultze J, Schrock H et al (2003).
Mechanisms of stroke protection by physical activity. Ann Neurol;54:582-590.

13. Khan M, Mohan IK, Kutala VK, Kumbala D, Kuppusamy P (2007). Cardioprotection by
sulfaphenazole, a cytochrome p450 inhibitor: mitigation of ischemia-reperfusion injury by
scavenging of reactive oxygen species. J Pharmacol Exp Ther;323:813-821.

14. Heiss C, Lauer T, Dejam A, et al (2006) . Plasma nitroso compounds are decreased in
patients with endothelial dysfunction. J Am Coll Cardiol,47:573-9.

15. Calvert JW, Elston M, Sindler A, Gundewar S, Grinsfelder DB, Aragon JP et al (2010) .
The generation and storage of nitric oxide metabolites during exercise training contributes
to exercise-mediated cardioprotection. J Am Coll Cardiol;55:A116.E1081.

16. Calvert JW, Condit ME, Aragén JP, Nicholson CK, Moody BF, Hood RL, Sindler AL,
Gundewar S, Seals DR, Barouch LA, Lefer DJ (2011).Exercise protects against
myocardial ischemia-reperfusion injury via stimulation of (3)-adrenergic receptors and
increased nitric oxide signaling: role of nitrite and nitrosothiols. Circ Res.
10;108(12):1448-58.

17. Haram PM, Kemi OJ, Lee SJ, Bendheim M@, Al-Share QY, Waldum HL, Gilligan LJ,
Koch LG, Britton SL, Najjar SM, Wislgff U. Aerobic interval training vs. continuous
moderate exercise in the metabolic syndrome of rats artificially selected for low aerobic
capacity. Cardiovasc Res. 2009 Mar 1;81(4):723-32.

18. Hgydal MA, Wislgff U, Kemi OJ, Ellingsen O. Running speed and maximal oxygen
uptake in rats and mice: practical implications for exercise training. Eur J Cardiovasc Prev
Rehabil. 2007 Dec;14(6):753-60.

19. Mondon CE, Dolkas CB, Sims C, and Reaven GM. Spontaneous running activity in male
rats: effect of age. J Appl Physiol 58: 1553— 1557, 1985.



http://www.ncbi.nlm.nih.gov/pubmed?term=%22Calvert%20JW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Condit%20ME%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arag%C3%B3n%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nicholson%20CK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moody%20BF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hood%20RL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sindler%20AL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gundewar%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Seals%20DR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barouch%20LA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lefer%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Exercise%20Protects%20Against%20Myocardial%20Ischemia%E2%80%93Reperfusion%20Injury%20via%20Stimulation%20of%20%CE%B23-Adrenergic%20Receptors%20and%20Increased%20Nitric%20Oxide%20Signaling
http://www.ncbi.nlm.nih.gov/pubmed?term=%22H%C3%B8ydal%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wisl%C3%B8ff%20U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kemi%20OJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ellingsen%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=running%20speed%20and%20maximal%20oxygen%20uptake%20in%20rates%20and%20mics
http://www.ncbi.nlm.nih.gov/pubmed?term=running%20speed%20and%20maximal%20oxygen%20uptake%20in%20rates%20and%20mics

WAY Ll ¥ 5yles 1+ 8590 e by (it ) pole \5F

20. Mondon CE, Dolkas CB, Sims C, and Reaven GM. Spontaneous running activity in male
rats: effect of age. J Appl Physiol 58: 1553— 1557, 1985.

21.Hypertrophy of skeletal muscle in diabetic rats in response to chronic resistance
exercise.Peter A. Farrell, Mark J. Fedele, Jazmir Hernandez, James D. Fluckey, John L.
Miller 111, Charles H. Lang, Thomas C. Vary, Scot R. Kimball and Leonard S. Jefferson .J
Appl Physiol 87:1075-1082, 1999.

22. Fabio Esposito , Raffaella Ronchi , Giuseppina Milano , Vittoria Margonato , Simona Di
Tullio , Marina Marini , Arsenio Veicsteinas . Michele Samaja. Myocardial tolerance to
ischemia—reperfusion injury, training intensity and cessation. Eur J Appl Physiol (2011)
111:859-868.

23. Armstrong RB, Laughlin MH, Rome L, Taylor CR (1983) Metabolism of rats running up
and down an incline. J Appl Physiol. 55:518-521.

24. Miranda, K. M.; Espey, M. G.; Wink, D. A. A rapid simple spectrophotometric method
for simultaneous detection of nitrate and nitrite. Nitric Oxide 2001, 5, 62-71.

25. Ryan P. Taylor, Marissa E. Olsen, and Joseph W. Starnes. Improved postischemic
function following acute exercise is not mediated by nitric oxide synthase in the rat heart.
Am J Physiol Heart Circ Physiol 292: H601-H607, 2007.

26. Pedro R Zaros, Carla EM Romero Pires, Mauricio Bacci Jr,Camila Moraes and Angelina
Zanesco (2009). Effect of 6-months of physical exercise on the nitrate/nitrite levels in
hypertensive postmenopausal women. BMC Women's Health, 9:17.

27. Valéria A. Gomes a, Antonio Casella-Filho b, Antonio C.P. Chagas b, Jose E. Tanus-
Santos. Enhanced concentrations of relevant markers of nitric oxide formation after
exercise training in patients with metabolic syndrome. Nitric Oxide 19 (2008) 345-350

28. Bodh I. Jugdutt. Nitric Oxide and Cardioprotection during Ischemia-Reperfusion. Heart
Failure Reviews, 7, 391-405, 2002.



7o e (HIT) w295 (o359 (32 505 428 A b (530 (b oot G

The Effects of High Intensity Interval Training
Preconditioning on Metabolites of NO (NO,’, NO3) and
Infarction Size of Myocardium after
Ischemia/Reperfusion Injury in Healthy Male Rat

(Study to Survey one of Cardioprotective Mechanisms of Exercise)

Ali Asghar Fallahi*!- Abbasali Gaeini® - Mohammadreza Kordi® -
Ali Khoshbaten*

1. Assistant Professor of Sport Physiology, Department of Sport
Sciences, Faculty of Education and Psychology, Shiraz University,
Shiraz, Iran 2. Professor of Sport Physiology at Tehran University,

Tehran, Iran 3. Associate Professor of Sport Physiology, University of
Tehran, Tehran, Iran 4. Professor of Sport Physiology Research Center,
Bagiyatallah University of Medical Sciences, Tehran, Iran.
(Received:2013/6/11; Accepted:2013/8/21)

Abstract ) _ o _
The purpose of this study was the effects of exercise preconditioning with
high intensity interval training (HIIT) on metabolites of NO (NO2-, NO3-),
and infarction size of myocardium after ischemia/reperfusion injury in
healthy male rat. For this reason, 44 wistar rat were randomly divided into 4
group HIT (n=8), Group HIIT + protocol IR (n=14), control groug (n=8)
and control + protocol IR (n=14). Each session of HIIT was 1 hour of
exercise in the 3-stage, 6-minute running of 50 to 60% VO2max warm up, 7
Period 7-minute running with an including of 5 to 20 ° slop (4 min with an
intensity of 80 to 120, 3 minutes of 50 - 60% VO2max) and 5-minute
running of 50 to 60% VO2max cool-down. Control group did not (Farticip_ate
in any exercise program. NO and its metabolites were measured by using
Griess reaction. Results showed there was a significant difference on nitrite
(0.855 mol per liter, equivalent to 34.79%), nitrate (6.202 mol per liter,
equivalent to 149.48%) and NOX (6.6 micromoles per liter, equivalent to
98.11%) levels in HIIT group than control group. That, the results showed,
AAR was significantlal more (9.06%, p=0.010) and INF was sig_nifican'_[lg
lesser (23.2%, p <0.001) in exercise training group in comparison wit
control. In generally, it seems that increase in No- NO3-, NO2- axis is one of
mechanisms that = HIIT exercise program can protect heart from
Ischemia/Reperfusion injury and decreased myocardial infarction.
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