Eur J Gen Med 2014;11(1): 10-14

Original Article DOI : 10.15197/sabad.1.11.03

Significant Alteration of NitrogensSpecies in Acute
Myocardial Infarction Does Not Relate ‘to The Site of
Infarction ‘

Marwan S.M. Al-Nimer', Adil H. Alhusseiny’

ABSTRACT

This study aimed to assess the level of nitrogen species in patients presented with acute myocardial infarction and to relate the
levels of nitrogen species to the infarction site. A total number of 113 patients admitted to the intensive care unit at Diyala
Teaching Hospital. The patients were presented within 6 hours of pain onset and diagnosed as acute myocardial infarction using
electrocardiograph criteria and positive cardiac troponin test. The most common infarction site was anterior followed by inferior
and lateral. Serum peroxynitrite level was significantly higher than healthy subjects by 100 folds and serum nitric oxide level is
significantly reduced compared with healthy subjects by 50%. There were non significant differences in nitrogen species regarding
the infarct sites. Associated risk factors e.g. hypertension, diabetes mellitus and smoking influenced the nitrogen species levels.
It concludes that the significant alterations in nitrogen species not related to the site of acute infarction
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Enfarktiisiin Lokalizasyonu ile iliskisiz Akut Miyokard infarktiisiinde Nitrojen Tiirlerinin Belirgin Degisikligi
OZET

Bu calismada akut miyokard infarktiisii ile basvuran hastalarda seviyesini ve enfarktiis bolgesi ile nitrojen tiirlerinin iliskisi
degerlendirmek amaclanmistir. Diyala Egitim Hastanesi'nde yogun bakim (initesine basvuran 113 hasta calismaya alindi. Hastalar
agr1 baslangicindan ilk 6 saat icinde sunulan elektrokardiyografi kriterleri ve pozitif troponin testi ile akut miyokard infarktiist
tams1 konuldu. En yaygin enfarktiis bolgesi anteriyor, inferiyor ve lateral idi. Serum peroksinitritlerin seviyesi 100 kez saglikli kon-
trol grubuna goére daha yiiksekti. Serum nitrik oksit diizeyi %50 oraninda saglikli bireylerle karsilastirildiginda zalmisti. Enfarktis
bolgelerine gore nitrojen tiirlerinin anlamli olmayan farkliliklar vardi. Hipertansiyon, diabetes mellitus ve sigara gibi iliskili risk
faktorleri nitrojen tiirlerinin diizeylerini etkilemistir. Bu azot tiirlerindeki degisiklikler akut enfarktiis bolgesi ile ilgili olmadigi
sonucuna varilmistir.

Anahtar kelimeler: Akut miyokard infarktiisii, nitrik oksit, peroksinitrit
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Acute myocardial infarction and nitrosative stress

INTRODUCTION

Acute myocardial infarction (AMI) is a significant cause of
mortality and morbidity in the western world. The diag-
nosis of acute myocardial infarction (AMI) (1) can be made
with the detection of a rise/fall of cardiac troponin and
one of; symptoms of ischemia; electrocardiogram (ECG)
changes of new ischemia; new pathological Q waves or;
imaging evidence of new loss of viable myocardium. Both
the ECG and cardiac troponin are markers of AMI. In 2000,
Cardiac troponin replaced creatine kinase-MB isoenzyme
as the biomarker of choice for diagnosing a myocardial
infarction (2). Cardiac troponin level is dependent on in-
farct size (3), thus giving clinicians an idea of the progno-
sis following an infarction.

Biomarkers of biomechanical stress for AMI included
B-type natriuretic peptide, mid regional pro-BNP, growth
diffrentiation factor-15, endothelin-1 or C-terminal por-
tion of pro-endothelin-1 (4-6). Biomarkers of plaque in-
stability and inflammation for AMI included highly sensi-
tive C-reactive protein and myeloperoxidase (7.8). Nitric
oxide (NO) is a member of a family of labile biological
mediators termed gasotransmitters (9). It is generated
in mammals, including humans, by nitric oxide synthases
(NOSs) and plays a prominent role in controlling blood
pressure via the regulation of vascular tone. Previous
studies clearly demonstrated that the deficiency of endo-
thelial (NOS) exacerbates myocardial ischemia / reper-
fusion injury (10), whereas the over expression of eNOS
(11, 12), the administration of NO donors, and inhaled NO
gas therapy (13) all significantly protect the myocardium
(14). A recent report by Kleinbongard et al. (15) demon-
strates that plasma nitrite levels progressively decrease
with increasing cardiovascular risk. The study aimed to
assess the serum levels of nitrogen species in acute myo-
cardial infarction and to relate these levels to the site of
infarction.

MATERIALS AND METHODS

This study conducted in Department of Medicine,
College of Medicine, Diyala University and The General
Teaching hospital in Diyala, Iraq. The study was con-
ducted according to the guidelines from the Declaration
of Helsinki with approval from a local ethical review
board. A prospective, cohort study was performed on
patients with acute myocardial infarction (age: 35-80
years) who were admitted to our institute within 6 h of
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symptoms onset. The criteria of inclusion included ST-
elevation myocardial infarction (STEMI) which defined
as the presence of typical prolonged (>30 min) chest
pain accompanied by typical ST segment elevation >0.2
mV in two or more contiguous leads on the standard
12-lead electrocardiogram (ECG) and abnormal increase
of MB fraction of creatine kinase greater than twice
the normal upper limit and positive troponin C test. No
ST-elevation myocardial infarction (NSTMI) was defined
as STEMI without ECG findings. The present study did
not include patients with a history of hematological,
neoplastic, renal, liver, or thyroid diseases, or patients
receiving treatment with anti-inflammatory drugs.
Patients with acute or chronic infections and autoim-
mune disease were also excluded from the study.

A total number of 113 patients (77 male and 36 female);
108 patients with STEMI; 5 patients with NSTEMI fulfill
the inclusion criteria during the study were admitted
in the study. Another fifteen healthy subjects without
previous or current cardiovascular diseases were also
admitted in this study. Demographic data, medical
history and treatment were collected in the hospital.
Modifiable risk factors, events or complications, and
current therapy were recorded. A person who reported
smoking on admission was defined as current smoker.

Peripheral venous blood was drawn immediately af-
ter admission into tubes until clot formation, then the
samples were centrifuged at 2500 rpm for 10 min, and
the sera were frozen and stored at -70o until analyzed
for nitric oxide (NO) and peroxynitrite (ONOO). Nitric
oxide donating activity was determined as described by
Newaz and co-workers (16). Briefly 0.5 ml serum was
added to 200 pl HCL (6.5M) and 200 pl sulfunalic acid
(37.5mM). After incubation for 10 min, 50 pl naphthyle-
thylenediamine dihydrochloride (12.5mM) was added
and incubated for further 30 min, centrifuged for 10 min
at 1000g. The absorbance at 540 nm was immediately

Table 1. Characteristics of participants

Gender (M:F) 77:36

Age (year) 61.9+11.05
Smoking 58(51.3%)
Alcohol 1(0.88%)
Family history of IHD 27(23.9%)
Risk factors

Diabetes mellitus 55(48.7%)
Hypertension 62(54.9%)
Hyperlipidemia 31 (27.4%)
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Table 2. Localization of cardiac infarct according to

Table 3. Prescribed drugs on admission

electrocardiograph records No. (%)
Site of infarction No. (%) Anticoagulants(heparin, clexan) 108(95.6)
Anterior 48 (42.5) Antiplatelets 108(95.6)
Inferior 38 (33.6) Lipid lowering agents 81(71.7)
Lateral 16 (14.2) Beta-adernoceptor blocking agents 71(62.8)
Septal 2 (1.8) (metoprolol, carvedilol, atenolol)
Anterior septal 2 (1.8) Angiotensin converting enzyme inhibitors 57(50.4)
Posterior septal 1(0.9) Thrombolytics (t-plasminogen activator) 40(35.4)
Posterior lateral 1(0.9) Calcium entry blockers 18(15.9)
NSTEMI 5 (4.4) (Diltiazem, amlodipine)
NSTEMI: non ST elevation myocardial infarction Antiarrhythmiacs 15(13.3)
(digoxin, amiodarone, adenosine)
Angiotensin receptor blockers 0

recorded. Peroxynitrite (ONOO) mediated nitration of
phenol was measured as described by others (17, 18).
Briefly, 50 pl of serum was added to 5mM phenol in 50
mM sodium phosphate buffer pH 7.4 in a final volume of
3 ml. After incubation for 2 hours at 37°C, 25 pl of 0.1M
NaOH was added, and the absorbance at 412 nm of the
samples was immediately recorded. The yield of nitro-
phenol was calculated from € = 4400 M-1.cm-1.

Statistical analysis

Data are expressed as means + SD or percentage.
Unpaired Student's t-test was used to evaluate differ-
ences in normally distributed continuous variables be-
tween the two groups. For all tests, a 2-tailed p < 0.05
was considered statistically significant. All calculations
were made using SPSS statistical software for Windows
(version 10.0).

RESULTS

Patients' characteristics are presented in Table 1.
Among these study participants, 108 STEMI patients and
5 NSTEMI were recruited. The participants were more
likely smokers, have positive family history of coronary
artery disease and modifiable risk factors. Sixty four pa-
tients (56.6%) were complicated with heart failure and
sixteen patients (14.2%) were presented with cardiac
arrhythmias. Electrocardiograph records revealed that
the most common type of AMI according to the infarct

site was anterior AMI (42.5%) followed by inferior AMI
(14.2%) (Table2). On admission different drug modalities
were prescribed according to the clinical presentations
(Table 3). Anticoagulants, antiplatelets, lipid lowering
agents and B-adrenoceptors agents were the most com-
mon prescribed drugs (Table 3). Thrombolytic agents (t-
plasminogen activator) prescribed in 35.4% according to
the clinical status of the patients taking in consideration
the contraindications of these compounds. Higher per-
cents of risk factors were reported in patients admitted
with lateral AMI compared with other sites to reach sig-
nificant level in association of lateral AMI with diabetes
mellitus compared with anterior AMI (Table 4). Patients
with inferior AMI were treated with a higher number
of drugs (5.42+1.29) than corresponding means of an-
terior (4.87+1.26, p<0.05) and lateral AMI (4.69+1.74,
p>0.05). Acute myocardial infarction patients of what-
ever infract site tended to have significant low serum
NO and high serum ONOO levels compared with healthy
subjects (Table 5). Patients presented with inferior AMI
were more likely to have non-significant low serum NO
and high serum ONOO levels compared with anterior or
lateral AMI (Table 5). This reflected on the bioavailabil-
ity of NO which represented with NO/ONOO ratio which
amounted 0.173 in inferior AMI compared with 0.248 in
anterior AMI) and 0.270 in lateral AMI). Further analysis
revealed that AMI patients with diabetes mellitus tend-

Table 4. Frequency of modifiable risk factors according to the infarction site

Site of infarction No. of patients Smoking  Family history Hypertension Diabetes mellitus Hyperlipidemia
Anterior 48 23 (47.9) 10 (20.8) 23 (47.9) 20 (46.5) 16 (33.3)
Inferior 38 20 (52.6) 12 (31.6) 23 (60.5) 16 (42.1) 9(23.7)

Lateral 16 9 (56.3) 6 (37.5) 12 (75)* 11 (68.8) 4 (25)

The results are expressed as number (%) of patients, * p < 0.05 in comparison with anterior AMI
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Table 5. Serum reactive nitrogen species according to infarction site

No. of patients Serum No Serum ONOO NO/ONOQO ratio
Healthy subjects 15 101.3 +12.2 2.95+0.52 0.338
Site of infarction
Anterior 48 57.9 +22.5* 233.2+171.4* 0.248
Inferior 38 49.7+19.2* 286.7+189.2* 0.173
Lateral 16 57.6+14.5* 213.1+159* 0.270

The results are expressed as mean + SD of number of subjects, * p < 0.05 in comparison with healthy subjects

ed to have non-significant low serum NO and high serum
ONOO compared with; hypertension, combined hyper-
tension and diabetes mellitus, and none hypertension
none diabetes patients (Table 6).

DISCUSSION

The results of this study demonstrate that the serum
NO is reduced by 50% and ONOO increased by about 100
folds of that values of healthy subjects respectively.
These changes in nitrogen species do not significantly
related t to the infarct site. Smoking, hypertension, dia-
betes mellitus and hyperlipidemia that reported in the
characteristics of patients are shared in disturbances of
nitrogen species level. There is evidence that the asso-
ciation of smoking, obesity, dyslipidemia and/or meta-
bolic syndrome with the TT genotype polymorphism of
eNOS gene increased the risk of the development of
PCAD (19). In ST-elevation myocardial infarction, Serum
nitrite/nitrate (NO,/NO,) values were significantly
(20). Endothelial nitric oxide synthase (eNOS) enzyme
activity and nitric oxide level levels were significantly
lower in acute myocardial infarction in presence or ab-
sence of macrovascular disease (21). The significant low
serum nitric oxide level in patients with acute myocar-
dial infarction could be attributed to increased activity
of asymmetric dimethylarginine; an endogenous nitric
oxide synthase inhibitor (22). Recently, Cavalca et al
(2012) reported non significant changes in asymmetric
dimethylarginine but significant increase in symmetric
dimethylarginine in NSTEMI (23). In this study impaired

NO production was observed in both STEMI and NSTEMI.
Therefore, the endogenous nitric oxide synthase inhibi-
tor is not the only mechanism that cause low serum
nitric oxide level in myocardial infarction (23). In this
study lateral myocardial infarction is associated with
higher percent of risk factors while inferior myocardial
infarction is associated with higher number of drug pre-
scriptions. Even though, the serum nitric oxide did not
significantly differ in between patients presented with
NSTEMI or STEMI and the site of infarction. In experi-
mental animal model utilizing occlusion of left anterior
descending coronary artery of rat, the infarct size is
determined by prostaglandin and nitric oxide pathways
and cardiac protection can be achieved by increas-
ing the bioavailability of nitric oxide (24). Significant
high level of peroxynitrite indicated the occurrence
of reperfusion injury and it also related to the infarct
size. Bianchi et al demonstrated the pathogenic role
of endogenously produced peroxynitrite in determin-
ing the infarct size followed ligation the left anterior
descending coronary artery in pig (25). Therefore, the
changes in nitrogen species levels are more likely re-
lated to infarct size rather than to the site of infarction.
In experimental animal model using cardiac ischemia/
reperfusion insult, the infarct size was related to high
peroxynitrite and low nitric oxide level (26). The results
of this study demonstrate that the changes in nitrogen
species seemed to be not related to the co-morbidity or
risk factors because of non-significant differences in ni-
tric oxide or nitrogen species in between co-morbidities
or risk factors. Determination of symmetric and asym-

Table 6. Serum reactive nitrogen species according to risk factors

Risk factors No. of patients Serum No Serum ONOO NO/ONOO ratio
Hypertension 28 55.5+14.3 225.2+130.7 0.246
Diabetes mellitus 21 52.6+23.3 279.5+212.1 0.188
Combined hypertension and diabetes mellitus 34 56.3+23.9 254.2+203.6 0.221
Neither hypertension nor diabetes mellitus 30 55.8+18.2 226.0+140.9 0.247
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metric dimethylarginine was not done in this study and
it considered as a limitation of the study.

It concludes that the significant alterations in nitrogen
species that followed acute myocardial infarction do
not relate to the site of infarct or to the presence of
ST elevation.

REFERENCES

1.

10.

11.

12.

Thygesen K, Alpert JS, White HD. Universal definition of
myocardial infarction. J Am Coll Cardiol 2007; 50:2173-95

Alpert JS, Thygesen K, Antman E, Bassand JP. Myocardial
infarction redefined--a consensus document of The Joint
European Society of Cardiology/American College of
Cardiology Committee for the redefinition of myocardial
infarction. J Am Coll Cardiol 2000; 36:959-69

Antman EM, Tanasijevic MJ, Thompson B, et al. Cardiac-
specific troponin | levels to predict the risk of mortality
in patients with acute coronary syndromes. N Engl J Med
1996; 335:1342-9.

Lorgis L, Zeller M, Dentan G, et al. Prognostic value of
N-terminal pro-brain natriuretic peptide in elderly peo-
ple with acute myocardial infarction: prospective obser-
vational study. BMJ 2009; 338:b1605.

Wollert KC, Kempf T, Lagerqvist B, et al. Growth differ-
entiation factor 15 for risk stratification and selection of
an invasive treatment strategy in non ST-elevation acute
coronary syndrome. Circulation 2007; 116: 1540-8

Khan SQ, Dhillon O, Struck J, et al. C-terminal pro-endo-
thelin-1 offers additional prognostic information in pa-
tients after acute myocardial infarction: Leicester Acute
Myocardial Infarction Peptide (LAMP) Study. Am Heart J
2007; 154: 736-42

Suleiman M, Khatib R, Agmon Y, et al. Early inflamma-
tion and risk of long-term development of heart failure
and mortality in survivors of acute myocardial infarction
predictive role of C-reactive protein. J Am Coll Cardiol
2006; 47:962-8

Mocatta TJ, Pilbrow AP, Cameron VA, et al. Plasma concen-
trations of myeloperoxidase predict mortality after myo-
cardial infarction. J Am Coll Cardiol 2007; 49:1993-2000

Szabo C. Hydrogen sulphide and its therapeutic potential.
Nat Rev Drug Discov 2007; 6:917-35.

Sharp BR, Jones SP, Rimmer DM, Lefer DJ. Differential re-
sponse to myocardial reperfusion injury in eNOS-deficient
mice. Am J Physiol Heart Circ Physiol 2002; 282:H2422-6

Elrod JW, Greer JJ, Bryan NS, et al. Cardiomyocyte-
specific overexpression of NO synthase-3 protects against
myocardial ischemia-reperfusion injury. Arterioscler
Thromb Vasc Biol 2006;26:1517-23.

Jones SP, Greer JJ, Kakkar AK, et al. Endothelial ni-
tric oxide synthase overexpression attenuates myocar-
dial reperfusion injury. Am J Physiol Heart Circ Physiol
2004;286:H276-H282.

Eur J Gen Med 2014;11(1): 10-14

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hataishi R, Rodrigues AC, Neilan TG, et al. Inhaled nitric
oxide decreases infarction size and improves left ventric-
ular function in a murine model of myocardial ischemia-
reperfusion injury. Am J Physiol Heart Circ Physiol 2006;
291:H379-84

Bolli R. Cardioprotective function of inducible nitric ox-
ide synthase and role of nitric oxide in myocardial isch-
emia and preconditioning: an overview of a decade of
research. J Mol Cell Cardiol 2001;33:1897-918

Kleinbongard P, Dejam A, Lauer T, et al. Plasma nitrite
concentrations reflect the degree of endothelial dysfunc-
tion in humans. Free Radic Biol Med 2006; 40:295-302

Newaz MA, Yousefipour Z, Nawal N, Adeeb N. Nitric oxide
synthase activity in blood vessels of spontaneously hyper-
tensive rats: Antioxidant protection by gamma-tocotri-
enol. J Physiol Pharmacol 2003; 54 :319-27

Beckman JS, Ischiropoulos H, Zhu L, van der Woerd M,
Smith C, Chen J. Kinetics of superoxide dismutase and
iron -catalyzed nitration of phenolics by peroxynitrite.
Arch Biochem Biophys 1992; 298: 438-45

VanUffelen BE, Van Der Zee J, De Koster BM, Vanstereninck
J, Elferink JG. Intracellular but not extracellular conversion
of nitroxyl anion into nitric oxide leads to stimulation of
human neutrophil migration. Biochem J 1998;330: 719-22

Abdel-Aziz TA, Mohamed RH. Association of endothelial
nitric oxide synthase gene polymorphisms with classical
risk factors in development of premature coronary artery
disease. Mol Biol Rep 2013;40(4):3065-71.

Djordjevic VB, Stojanovic I, Cosic V, et al. Serum neop-
terin, nitric oxide, inducible nitric oxide synthase and tu-
mor necrosis factor-alpha levels in patients with ischemic
heart disease. Clin Chem Lab Med 2008; 46:1149-55.

Li JL, Yang Z, Wu S, Kong J. Relationship between en-
dothelial nitric oxide synthase, insulin resistance and
macrovascular disease in patients with acute myocardial
infarction. J Int Med Res 2012;40: 687-93.

Bekpinar S, Gurdol F, Unlucerci Y, Develi S, Yilmaz A.
Serum levels of arginase | are associated with left ven-
tricular function after myocardial infarction. Clin
Biochem 2011;44 :1090-3.

Cavalca V, Veglia F, Squellerio 1, et al. Circulating levels
of dimethylarginines, chronic kidney disease and long-
term clinical outcome in non-ST-elevation myocardial in-
farction. PLoS One 2012; 7:e48499.

Veeravalli KK, Akula A, Kota MK. Nitric oxide- and prosta-
glandin-mediated cardioprotection by bradykinin in myo-
cardial ischemia and reperfusion injury. Pol J Pharmacol
2003; 55: 1021-9

25. Bianchi C, Wakiyama H, Faro R, et al. A novel per-
oxynitrite decomposer catalyst (FP-15) reduces myocar-
dial infarct size in an in vivo peroxynitrite decomposer
and acute ischemia-reperfusion in pigs. Ann Thorac Surg
2002;74:1201-7.

Huang C, Cui Y, Ji L, et al. Catalpol decreases peroxynitrite
formation and consequently exerts cardioprotective effects
against ischemia/reperfusion insult. Pharm Biol 2013 22.

14



