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ABSTRACT 

The aim of this study was to assess and compare the oxidative 
stress status in STEMI and NSTEMI patients by measuring mark-
ers of free radical production and levels of antioxidant. The re-
search was designed as an observational study with a cohort of 
83 AMI hospitalized patients divided into a case (STEMI) and 
control (NSTEMI) group. In the study, we used the data from the 
patients’ electronic medical records and paper files and two 
scores (TIMI, and GRACE) analyzed routine biochemical param-
eters and biochemical assays for ROS. The statistical analysis in-
cluded descriptive methods, hypothesis testing and bivariate cor-
relation. In our research, the results clearly showed that patients 
with STEMI had an increased activity of vSOD compared with 
NSTEMI patients (p<0.01). Also, the levels of TBARS in plasma 
of patients with STEMI were significantly increased compared to 
the NSTEMI patients (p<0.01). Importantly, there were no differ-
ences between STEMI patients and NSTEMI patients, for the lev-
els of O2

-, H2O2, NO, CAT, GSH. In STEMI patients, we found a 
positive correlation between TBARS and troponin level and a pos-
itive correlation between SOD and troponin level. In addition, our 
results also showed a positive correlation between AST levels and 
TBARS and a positive correlation between AST levels and SOD. 
We also found a positive correlation between GRACE score val-
ues and TBARS and SOD. Our study demonstrated that the levels 
of TBARS and SOD were significantly higher in STEMI patients 
than in NSTEMI.  
 
Keywords: Acute myocardial infarction, oxidative stress, free 
radical, troponin.
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INTRODUCTION  

Acute myocardial infarction denotes the presence of acute 
myocardial injury with the detection of a rise and/or fall of 
cTn values with at least one value above the 99th percentile 
URL and with at least one of the following: symptoms of 
acute myocardial ischaemia, new ischaemic ECG changes, 
development of pathological Q waves, imaging evidence of 
new loss of viable myocardium or new regional wall motion 
abnormality in a pattern consistent with an ischaemic aetiol-
ogy, and/or identification of a coronary thrombus by angi-
ography including intracoronary imaging or by autopsy (1).  

In general, myocardial infarction is divided into STEMI 
(infarction with ST segment elevation) which requires the 
reperfusion therapy as soon as possible and NSTEMI (infarc-
tion without ST segment elevation), which does not require 
the reperfusion therapy, except in the following situations: 
hypotension or shock, repeated and progressive chest pain re-
fracted on the medicamentous therapy, malignant arrhyth-
mias or cardiac arrest, mechanical complications of acute MI, 
acute heart failure, intermittent ST segment elevation (2). 
The pathophysiological substrate is represented by the acute, 
unstable atherosclerotic plaque complicated by occlusive 
thrombosis (complete interruption of the blood flow in myo-
cardial infarction) (3). STEMI occlusion is long-lasting and 
necrosis is transmural (it covers the entire wall) and with 
NSTEMI, the occlusion is of shorter duration, with less ne-
crosis that does not include the entire wall (2,4). 

ROS are spontaneously produced as by-product during 
the electron transfer in oxidative phosphorylation (5,6). ROS 
molecules include superoxide, peroxide, hydroxyl radicals, 
and reactive nitrogen species (RNS) (7). Furthermore, ROS 
oxidize various cellular and extracellular components, in-
cluding nucleotides, DNA, proteins, polysaccharides, and li-
pids (5,8). The antioxidant activity is accomplished as a re-
sult of the antioxidant scavenger system which includes en-
zymes superoxide dismutase, catalase and glutathione perox-
idase and antioxidant vitamins C, E, A (5,9).  

The oxidative stress process involving the increased oxi-
dant production with impairment of antioxidant mechanisms 
plays an essential role in the pathogenesis of atherosclerosis, 
and it is increased by the cardiovascular risk factors such as 
smoking, diabetes mellitus, dyslipidemia, etc (10,11).  

The aim of this study was to assess and compare the oxi-
dative stress status in two main groups of acute MI (STEMI 
and NSTEMI) by measuring markers of free radical produc-
tion and levels of antioxidant, as well as to analyze patients’ 
redox state considering the diseases activity and other clinical 
characteristics. We also recorded further treatment strategies 
after the diagnosis, primary percutaneous coronary interven-
tion, thrombolytic therapies, delayed rescue PCI, or con-
servative therapy.  

 

MATERIALSAND METHODS 

Patients 

The research was designed as an observational study 
which included a cohort of 83 patients 

with AMI hospitalized in the Clinic of Cardiology, Uni-
versity Clinical Center “Kragujevac”, Kragujevac, between 
September the 17th and December the 30th, 2019. The study 
group was divided into case (patients with STEMI) and con-
trol patients (patients with NSTEMI). We extracted the data 
retrospectively from the patients’ electronic medical records 
and paper files (such as years, sex, risk factors, hypertension, 
hyperlipidemia, diabetes, smoking, heredity, previous vascu-
lar disease, Killip classification, etc). The diagnosis of 
STEMI was defined as the concurrence of prolonged chest 
pain or discomfort with persistent ST-segment elevation in 2 
or more consecutive leads or with the presumed new left or 
right bundle-branch block with increased cardiac enzymes 
and presence of symptoms of myocardial ischeamia (12). 

The diagnosis of NSTEMI was defined as the concur-
rence of prolonged chest pain or discomfort without ST seg-
ment elevation, (ECG changes can be presented as ST seg-
ment depression, transitory ST-segment elevation, T wave 
changes, or normal ECG findings) and with increased values 
of cardiac enzymes (13). 

The routine biochemical parameters, troponin, CK, CK-
MB, hemoglobin, platelets, CRP, lipid status, pro-BNP, AST 
were analyzed in patients. In our study, we used two scores 
(Thrombolysis In Myocardial Infarction – TIMI, and Global 
Registry of Acute Coronary Events – GRACE) in order to 
assess the prognosis of recurrence of myocardial ischaemia 
and mortality, and also to select patients who needed urgent 
revascularization (14).  NSTEMI patients with GRACE score 
of 140 or higher underwent early revascularization (within 
24h) and were hospitalized in the ICU, those with GRACE 
score between 109 – 140 were hospitalized in the hospital 
ward, and required revascularization within 72 hours of diag-
nosis, and those with GRACE score less than 109 underwent 
the conservative treatment (15).    

An echocardiographic examination was also performed to 
determine the ejection fraction and segments mobility (16).  

Biochemical Assays 

Blood samples were taken from an antecubital vein into 
the Vacutainer test tube containing sodium citrate anticoagu-
lant. Blood samples were analyzed immediately. Blood was 
centrifuged to separate plasma and red blood cells (RBCs). 
Biochemical parameters were measured spectrophotometri-
cally. 
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Superoxide anion radical determination 

The level of superoxide anion radical (O2
-) was measured 

using nitro blue tetrazolium (NBT) reaction in TRIS-buffer 
combined with plasma samples and read at 530 nm. 

Hydrogen peroxide determination 

The protocol for measurement of hydrogen peroxide 
(H2O2) is based on oxidation of phenol red in the presence of 
horseradish peroxidase. 200 µl sample with 800 µl PRS (phe-
nol red solution) and 10 µl POD (Horseradish Peroxidase) 
were combined (1:20). The level of H2O2 was measured at 
610 nm. 

Nitric oxide determination 

Nitric oxide (NO) decomposes rapidly to form stable me-
tabolite nitrite/nitrate products. Nitrite (NO2

-) was deter-
mined as an index of the nitric oxide production with Griess 
reagent. 0.1 ml 3 N PCA (Perchloride acid), 0.4 ml 20 mM 
ethylenediaminetetraacetic acid (EDTA), and 0.2 ml plasma 
were put on ice for 15 min, then centrifuged 15 min at 6,000 
rpm. After pouring off the supernatant, 220 µl K2CO3 was 
added. Nitrites were measured at 550 nm. Distilled water was 
used as a blank probe. 

Index of lipid peroxidation (thiobarbituric acid reactive 
substances, TBARS) 

The degree of lipid peroxidation in plasma was estimated 
by measuring of TBARS using 1 % TBA (thiobarbituric 
Acid) in 0.05 NaOH, incubated with plasma at 100 0C for 15 
min and read at 530 nm. 

Distilled water was used as a blank probe. TBA extract was 
obtained by combining 0.8 ml plasma and 0.4 ml trichloroa-
cetic acid (TCA), then the samples were put on ice for 10 
min, and centrifuged for 15 min at 6,000 rpm. This method 
was described previously. 

Determination of antioxidant enzymes 

Isolated RBCs were washed three times with three vol-
umes of ice-cold 0.9 mmol/l NaCl, and hemolysates contain-
ing about 50 g Hb/l (prepared according to McCord and Fri-
dovich) were used for the determination of CAT activity. The 
CAT activity was determined according to Beutler. Then 50 
ll CAT buffer, 100 µl sample, and 1 ml 10 mM H2O2 were 
added to the samples. Detection was performed at 360 nm. 
Distilled water was used as a blank probe. The SOD activity 
was determined by the epinephrine method of Misra and Fri-
dovich. A hundred µl lysate and 1 ml carbonate buffer were 
mixed, and then 100 µl of epinephrine was added. Detection 
was performed at 470 nm. 

Statistics 

The statistical analysis was performed with SPSS 15.0 for 
Windows. The results are expressed as the mean ± standard 
error of the mean. The data distribution was checked with the 
Shapiro–Wilk test, and depending on its results, the appro-
priate parametric or nonparametric test was used. The differ-
ences between two groups were assessed using T test or Man-
Whitney test, while the differences between the values of 
means from more than two groups were assessed by ANOVA 
or Kruskal–Wallis test. The correlation between various var-
iables was found using Bivariate correlation, i.e., Spearman’s 
coefficient of correlation. 

 

Table 1. Demographic and clinical characteristics of patients with NSTEMI (control) and STEMI. *p<0.01 
 

 NSTEMI STEMI 
Number of patients 34 (41%) 49 (59%) 

Age 71.46±1.64 64.5±2.27 
AST 49.59±6.52 158.46±30.42* 

Troponine 3.64±0.95 42.17±10.57* 
CK-MB 29.44±4.83 151.53±21.42* 

CK 397.14±96.97 1738.25±287.19* 
ProBNP 5769±1271 5162±1457 

Haemoglobin 123.72±3.59 128.65±3.68 
thrombocytes 242.91±14.54 247.53±15.84 

CRP 44.9±9.94 40.96±9.83 
Total Chloesterol 5.12±0.22 5.15±0.23 

LDL 3.07±0.16 3.27±0.2 
HDL 1.1±0.04 1.06±0.04 

Triglycerides 1.69±0.16 1.68±0.13 
GRACE Score 147.06±4.55 143.37±6.21 
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Table 2. Parameters of oxidative stress in NSTEMI and STEMI patients. 
 

 TBARS NO2 H2O2 O2
. GSH CAT SOD 

NSTEMI 1.08±0.03 2.42±0.06 6.01±0.97 3.51±2.54 87278±1492 5.42±4.25 24.42±22.82 
STEMI 0.97±0.02 2.4±0.1 6.1±2.21 2.99±2.17 91138±1735 5.53±4.75 28.49±32.49 

 
 

Figure 1. Oxidative stress parameters in NSTEMI (0) and STEMI (1) patients. *p<0.01. 
 
 

 
 
 
RESULTS

Eighty-three patients with AMI (mean age 71.46 years, 
SD ± 11.29, range 51 - 90) had a clear diagnosis of STEMI 
or NSTEMI based on the clinical characteristics, troponin 
values and ST segment deviation on ECG. The median dura-
tion of hospitalization for STEMI was 4 days (2 to 6 days) 
and for NSTEMI was 8 days (6 to 10 days). The demographic 
and clinical characteristics of patients with STEMI and 
NSTEMI (controls) are summarized in Table 1. STEMI was 
diagnosed in 49 patients (59%), while NSTEMI was diag-
nosed in 34 patients (41%). The parameters of oxidative 
stress are shown in Table 2 (comparison of the status of free 
radicals and antioxidant in STEMI and NSTEMI).  

In terms of the oxidative stress parameters, STEMI and 
NSTEMI patients differed in two out of seven investigated 
parameters which included the index of lipid peroxidation, 
and activity of SOD (Figure 1). In our research, the results 
clearly showed that patients with STEMI had an increased 
activity of SOD compared with NSTEMI patients (p<0.01). 
Also, the levels of TBARS in plasma of patients with STEMI 
were significantly increased compared to the NSTEMI pa-
tients (p<0.01). Importantly, there were no differences be-
tween STEMI patients and NSTEMI patients, for the levels 
of O2

-, H2O2, NO, CAT, GSH (Figure 1). 

In STEMI patients, we found a positive correlation be-
tween TBARS and troponin level and a positive correlation 
between SOD and troponin level. In addition, our results also 
showed a positive correlation between AST levels and 

TBARS and a positive correlation between AST levels and 
SOD (Suppl. 1).  

We also found a positive correlation between GRACE 
score values and TBARS and SOD (Suppl. 1).  

DISCUSSION 

Many studies have demonstrated a role of ROS in the 
pathogenesis of acute coronary syndrome (17, 18). In the ba-
sis of formation of atherosclerotic plaque, there is a complex 
process involving several mechanisms, including the endo-
thelial dysfunction, neovascularization, vascular prolifera-
tion, apoptosis, matrix degradation, inflammation, and 
thrombosis (19,20,21 ). The key process in atherosclerotic 
plaque formation includes destruction of well-balanced ho-
meostatic mechanisms, which incurs the oxidative stress 
(11,22).  

For that reason, it is essential to investigate the role of 
oxidative stress in cardiovascular disease processes, such as 
atherogenesis, ischemic-reperfusion injury and cardiac re-
modeling (23,24). Currently, an increasing number of studies 
suggest that the levels of oxidative stress markers in body 
fluids had a positive correlation with the atherosclerotic dis-
ease activity (25, 26). 

Koprivica et al. study demonstrated that ACSs patients 
had a significantly less efficient antioxidative defense system 
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compared to healthy subjects, significantly lower levels of 
SOD and CAT activity which resulted in significantly in-
creased levels of lipid peroxidation. Moreover, this study 
clearly showed that the oxidative status between STEMI and 
NSTEMI patients differed only in the SOD level (27). Our 
results also undoubtedly showed that the SOD level is higher 
in STEMI patients compared to NSTEMI patients which is 
analogous to the previously mentioned research.  

Lavall et al. study included the oxidative profile of pa-
tients with ST segment elevation and patients with non-ST-
segment elevation (NSTEMI). The results of this study 
showed that plasma TBARS and SOD activity were signifi-
cantly higher in STEMI patients compared to the control 
(NSTEMI) (28). Also, Yosri Noichri et al. results showed 
that patients with AMI compared to healthy subjects had a 
significantly lower catalase activity and significantly higher 
TBARS levels (29). Our research showed that STEMI pa-
tients had a higher level of SOD activity and also had a higher 
level of plasma TBARS compared to NSTEMI patients 
which is also in correlation with the previously mentioned 
researches.  

Bagatini et al. results demonstrated an increase in sub-
stances reactive to thiobarbituric acid (TBARS) and carbonyl 
protein levels in AMI and the risk groups. In addition, the 
research showed a positive correlation between TBARS, car-
bonyl protein levels, and troponin  in AMI patients (30). 
Moreover, in our study, the results clearly showed a positive 
correlation between TBARS and troponin, which is also in 
correlation with the previously mentioned study. These find-
ings reinforce the fact that the increased lipid peroxidation is 
associated with the infarct size and degree of cellular damage 
(31, 32). 

The previous studies have clearly indicated that AMI pa-
tients are under higher oxidative stress compared with the 
control (healthy subjects), no matter which type of AMI they 
have (27,33). The results of our study demonstrated that the 
oxidative profile generated by STEMI and NSTEMI is simi-
lar regardless of the size of arterial occlusion. The results as-
sociated with the investigation of oxidative stress in STEMI 
and NSTEMI patients suggest that the antioxidant supple-
mentation is needed to improve the antioxidant defense, since 
the antioxidant defense is compromised and lipid peroxida-
tion is increased in those patients (34, 35).  

The study of Shahzad et al found a positive correlation 
between the level of oxidative stress markers and Grace 
score, which is in agreement with our results that TBARS and 
SOD rise were associated with high Grace score values (36). 

CONCLUSION 

Our study demonstrated that the levels of TBARS and 
SOD were significantly higher in STEMI patients than in 
NSTEMI. They were also statistically significantly higher in 
STEMI patients with high values of AST and troponin. In ad-
dition, the value of Grace score and age of a patient were 

associated with the value of mentioned markers of oxidative 
stress. Other parameters of oxidative stress didn’t show a sig-
nificant correlation with AMI type.  
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