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Oxidative stress markers and antioxidant activity in 
patients admitted to Intensive Care Unit with acute 
myocardial infarction

Introduction

Acute myocardial infarction (AMI) is one of the most 
critical vascular diseases which results in the consequence of 
myocardial ischemia due to the occlusion of coronary arteries. 
Oxidative stress has a significant role in the development of 
cardiovascular diseases (CVDs).[1] The incidence of death 
due to AMI is increasing worldwide and the risk of death is 
very high within the first few hours of the onset of disease. 
A biomarker is defined as a “characteristic which is measured 
and evaluated as an indicator of biological processes or 
pharmacologic responses to a therapeutic intervention.” The 
analysis and identification of various biomarkers may increase 
the existing diagnostic procedures for the evaluation of AMI 
patients.[2] Auto-oxidation of lipids exposed to oxygen is 

responsible for the in vivo tissue damage causing inflammatory 
diseases and atherosclerosis. Studies have demonstrated that 
the excessive activation of lipid peroxidation has a key role 
in the development of many diseases such as angina and 
AMI. This is because the lipid peroxidation is a chain of 
reactions providing a continuous supply of free radicals that 
increase further peroxidation.[3,4] The best evidence of lipid 
peroxidation is the increased formation of malondialdehyde 
(MDA) which is one of the principal breakdown products by 
the action of endoperoxidase, and hence the determination 
of MDA has been widely used in human studies to prove 
the involvement of lipid peroxidation in various diseases. 
A number of studies reported the elevated level of serum 
MDA in heart diseases, indicating a link between oxidative 
stress and AMI.[5,6]
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Reactive oxygen species (ROS) with an impairment of 
endogenous antioxidant mechanisms play an important role 
in the pathogenesis of myocardial infarction. Atherosclerosis 
is the main cause of AMI.[7] These ROS contribute in 
mitochondrial dysfunction related to many human diseases and 
aging. ROS level is regulated by intracellular antioxidants such 
as superoxide dismutase, catalase (CAT), glutathione (GSH), 
and glutathione peroxidase along with antioxidant vitamins. 
In pathological conditions, excess of ROS overwhelms the 
stability of the antioxidants.[7-9] This inefficiency of antioxidants 
is more severe in mitochondria which lack CAT and the 
excessive production of H2O2 damages lipids, protein, and 
DNA, causing destruction and death of the cell by necrosis. 
Mitochondrial oxidative stress has been implicated in heart 
diseases.[8,10]

The aim of the study was to compare the levels of oxidative 
stress biomarkers and antioxidants in AMI patients with 
healthy individuals and to investigate the effectiveness of these 
parameters as risk or illness indicators. The vast diversity of 
oxidative stress in AMI among Iraqi population leads to study 
the status of oxidative stress markers, antioxidants, and its 
association with AMI.

Materials and Methods

The experiment was designed carefully to ensure the random 
selection of patient’s sample that will reflect the actual status 
of AMI among the citizens of Mosul and its suburbs. Samples 
were collected from patients admitted to Al-Salam Hospital and 
Ibn-Sina Hospital in Mosul, Iraq. Ethical approval was taken 
from Institutional Ethics Committee and informed consent 
was obtained from individual participants or close relatives 
of the individuals included in the study. Blood samples were 
collected through venipuncture. The blood was immediately 
transferred to a polystyrene tube, incubated for 10 min at 
37°C and centrifuged at 3000 rpm for 10 min. The separated 
serum was kept in a freezer for further analysis.[11] A total 
of 161 patients (35 females and 126 males) were screened 
with age ranging from 30 to 80 years. The control group 
was selected carefully from people with no history of heart 
diseases. A total of 156 healthy individuals with age ranging 
from 30 to 60 years (83 males and 73 females) were selected 
to participate in the study.

Inclusion criteria
Newly diagnosed AMI patients admitted in Intensive Care Unit 
(both genders) with elevated ST-segment of at least 2 mm in 
two or more consecutive leads of electrocardiography were 
included.

Exclusion criteria
Patients with a previous history of chronic angina or AMI, 
family history of heart and cerebrovascular diseases, on 

thrombolytic therapy, and unable to obtain informed consent 
were excluded.

Serum MDA was estimated by thiobarbituric acid (TBA) 
method in which MDA reacts with TBA to form a red-
colored product which is useful in the determination of lipid 
peroxidation.[12] Serum peroxynitrite level was estimated by 
the spectrophotometric method which involves peroxynitrite-
mediated nitration of phenol.[13] Ceruloplasmin concentration 
was estimated by quantitative immuno-turbid metric 
method.[14] Serum uric acid level was estimated by uricase 
enzymatic method using the kit manufactured by Biomerieux, 
France. Serum GSH was estimated by DTNB/GR recycling 
method.[15] Vitamin A was estimated based on optical density 
differences between irradiated and non-irradiated serum 
extracts.[16] Determination of Vitamin E in serum was based on 
an oxidation–reduction reaction following a specific elution 
technique.[17] Serum level of Vitamin C was determined 
photometrically by 2,4-dinitrophenyl hydrazine method.[18]

Statistical analysis

Results were expressed as mean ± standard error of the mean 
and statistical analysis was carried out using the STATISTICA 
12.5 Package of Stat soft Inc., 2014 (Sandton, South Africa). 
Student’s t-test was used to compare between the groups. For 
all statistical evaluations, P < 0.05 was considered statistically 
significant. A Visual Fortran program was also used to analyze 
the sensitivity of different parameters.

Results

Table 1 shows the concentration of oxidative stress biomarkers 
and antioxidants in controls and patients with AMI. 
A significant increase in serum MDA concentrations was 
observed in AMI patients as compared to the control group 
with P < 0.001. The study shows a significant increase (at 
P < 0.001) in the concentration of peroxynitrite (ONOO−) 
in sera of AMI patient as compared with healthy controls. 
The results showed a significant decrease (P < 0.001) in 
GSH concentration in AMI patients when compared with 
the controls. The study also observed a minor increase in 
the concentration of ceruloplasmin in AMI patients’ serum 
when compared with the controls. A significant increase (P 
< 0.001) in uric acid concentration was observed in patients 
with AMI when compared with control group. Table 2 shows 
the concentration of oxidative antioxidant vitamins in controls 
and patients with AMI. There was no significant difference 
in Vitamin A concentration in serum of patients with AMI 
when compared with control group. The results showed a 
significant decrease in Vitamin E concentration in sera of 
patients with AMI when compared with control group at 
(P < 0.001). The results also showed a significant decrease 
in Vitamin C concentration in sera of patients with AMI as 
compared with the control group (P < 0.01). Table 3 shows 
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the clinical sensitivity, specificity, and efficiency for oxidative 
stress biomarkers and antioxidants related to AMI patients. The 
uric acid shows the best characteristics followed by Vitamin C 
and Vitamin E. Table 4 shows some specific characteristics of 
the study cases including living locality and smoking habits. 
Among the patients, 78.3% were male (53.9 ± 10.9 years) and 
21.7% were female (57.3 ± 10.4 years). Table 5 summarizes 
age-wise distribution of AMI patients.

Discussion

Evidence of oxidative stress in acute myocardial disease due 
to reperfusion, an imbalance between antioxidants and pro-
oxidants, has been reported.[19,20] As an antioxidant, GSH plays 
a significant role in the autoxidation of oxygen-free radicals 
involved in atherosclerosis.[20,21] The findings suggest that 

decreased levels of GSH may be interconnected with increased 
protective mechanisms and oxidative stress in AMI. It is also 
suggested that oxygen-free radicals are produced in the early 
stage of AMI, and GSH is associated with the reduction of 
hydrogen peroxide radicals, which results in a decline in the 
level of GSH during that period.[19-21] On the other hand, the 
increased production of reactive oxygen radicals could be a 
feature of CVDs such as AMI, and cells can respond to mild 
oxidative stress by upregulating antioxidant defense in terms 
of increased production of GSH.[22,23] Other results indicate 
that low concentration of GSH in the circulation of AMI 
patients may be due to increased utilization to scavenge lipid 
peroxides.[23,24]

GSH protects the myocardium against injury caused by 
oxygen-free radicals. A reduction in cellular GSH content 
would impair recovery after a short period of myocardial 
ischemia. An increase in the level of GSH disulfide and a 
decrease in the level of GSH occur in myocardium throughout 
coronary occlusion.[25,26] The level of vascular GSH is decreased 
in atherosclerosis and diabetes mellitus (DM), which results 
in an increased incidence of cardiovascular complication in 
these patients.[27] The present study confirms the importance 
of the existence of counterbalance between the oxidative and 
protective mechanisms in AMI patients. Uric acid is the final 
breakdown product of the nucleic acid and purine catabolism 
in humans. Uric acid formation occurs only in tissues that 
contain the enzyme xanthine oxidase. Previous studies showed 
an increased production of uric acid in patients on diuretic 
drug which may explain the high levels of uric acid in patients 
in this study.[28,29] Several studies have found hyperuricemia 
to be independently associated with increased mortality in 
patients with CVD. The results of previous studies showed 

Table 1: Comparisons between levels of oxidative stress biomarkers and antioxidants in serum of patients with AMI and controls
Parameter Sex Mean±SEM P

Controls Patients

MDA (μmol/L) Male 0.12±0.01 0.354±0.023 ***

Female 0.15±0.01 0.510±0.078 *

Total 0.133±0.009 0.385±0.082 ***

Peroxynitrite (μmol/L) Male 0.04±0.001 0.15±0.007 ***

Female 0.04±0.002 0.13±0.016 ***

Total 0.04±0.001 0.14±0.006 ***

GSH (μmol/L) Male 6.04±0.20 5.4±0.1 ***

Female 6.1±0.23 5.5±0.15 ***

Total 6.1±0.15 5.4±0.82 ***

Ceruloplasmin (μmol/L) Male 283.6±19.6 314.6±13.0 NS

Female 303.2±23.6 318.4±24.7 ***

Total 292.15±15.0 330.6±14.5 NS

Uric acid (μmol/L) Male 6.5±0.53 396.4±12.3 ***

Female 6.4±0.26 378.5±29.2 ***

Total 6.5±0.18 391.8±11.7 ***
*Significant (P<0.05), ***Highly significant (P<0.001), NS: Not significant P>0.1 Comparison groups. AMI: Acute myocardial infarction, GSH: Glutathione, MDA: Malondialdehyde, SEM: Standard error 
of the mean

Table 2: Comparisons between concentration of Vitamin A, E, 
and C in serum of patients with AMI patients and controls
Parameter Sex Mean±SEM P

Controls Patients

Vitamin A (μmol/L) Male 1.6±0.07 2.3±0.51 MS

Female 1.5±0.11 0.63±0.21 ***

Total 1.5±0.06 2.02±0.5 NS

Vitamin E (μmol/L) Male 17.9±1.72 6.65±0.80 ***

Female 16.6±1.84 5.86±1.29 ***

Total 17.5±1.3 6.78±0.7 ***

Vitamin C (μmol/L) Male 31.0±0.85 12.9±1.1 ***

Female 30.6±1.13 12.3±1.6 ***

Total 30.8±0.67 12.83±0.93 ***
***Highly significant (P<0.001), NS: Not significant P>0.1, MS: Marginal significant 
0.1>P > 0.05. AMI: Acute myocardial infarction, SEM: Standard error of the mean
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no significant effect of sex on the concentration of uric acid 
in AMI patients.[28,29]

MDA levels are measured to indicate the level of damage 
to polyunsaturated fatty acids. Thus MDA, which is the 
characteristic end product of lipid peroxidation, is commonly 
used as one of the important parameters to judge the oxidative 
damage taking place in the body of AMI patients.[30] The 
data suggested that free radical production and subsequently 
the reaction of lipid peroxidation increased in patients 
as compared to healthy persons. Higher level of MDA is 
associated with reduction of antioxidants and thereby different 
forms of scavengers.[4,6] The management of myocardial 
ischemia might be possible by therapeutic antioxidants and 
scavengers such as GSH, Vitamin E, and Vitamin C. It can 
be suggested that high serum levels of MDA might be a 
biochemical marker for coronary artery disease as well as a 
high-risk factor for AMI.[31] Nitric oxide is highly reactive 
that can interact with other free radicals such as superoxide 
anion and cause the production of peroxynitrite. Thus, 

inflammation and ischemia may lead to the production of a 
large amount of peroxynitrite that result in the modification 
of low-density lipoprotein (LDL) and finally the formation 
of fat-filled cells that gradually gather in the atherosclerotic 
lesions. Nitric oxide is produced by endothelium and has a 
protective effect against atherogenesis.[7,32] Accordingly, it may 
be suggested that oxidative stress and nitric oxide might have 
multiple effects on the initiation and also the progression of 
atherogenesis. Peroxynitrite has a high affinity to sulfhydryl 
groups and thereby inactivate sulfhydryl-bearing enzymes. 
This effect of peroxynitrite is controlled by GSH content 
in the cells since GSH is the main intracellular sulfhydryl-
bearing peptide.[26,33] The vasodilator action of nitric oxide 
in vascular smooth muscle is mediated by its activation of 
soluble guanylate cyclase and increased cyclic GMP synthesis 
by guanylate cyclase that results in the relaxation of smooth 
muscle. Peroxynitrite in solution at physiological pH is a 
powerful oxidant which cleaves DNA molecule and oxidizing 
thiols.[26,33]

Studies suggest that there is a correlation between ceruloplasmin, 
a copper-carrying protein, and CVD.[34] Elevated serum 
ceruloplasmin levels have been found in patients with a 
multitude of CVD and these correlations may partly be due to 
the involvement of ceruloplasmin as an acute-phase reactant. 
Ceruloplasmin or copper may form an independent risk factor 
for CVD.[35] Studies showed that an elevated LDL level in 
blood is correlated with serum copper level with accelerated 
atherosclerosis.[36] Studies on Vitamin A suggest a weak 
protective effect of Vitamin A on the risk of AMI.[37,38] Our study 
showed no significant difference in Vitamin A concentration 
in serum of AMI patients as compared with controls. No 
differences were observed between male and female patients as 
well. The decrease in Vitamin E concentration observed in this 
study might be either due to the metabolic or nutritional origin. 
It is not clear whether the decrease in Vitamin E concentration 

Table 3: Clinical sensitivity, specificity, and efficiency for 
selected oxidative stress biomarkers and antioxidants related to 
patients with AMI
Parameter 99% Criterion

99% 95% Mean

GSH (μmol/L)

Cutoff 4.61 4.72 6.09

Sn 11 11 47

SP 100 100 73

Eff 34 34 54

Uric acid (μmol/L)

Cutoff 7.6 7.16 6.49

Sn 100 100 100

SP 96 60 46

Eff 99 88 84

MDA (μmol/L)

Cutoff 0.277 0.207 0.132

Sn 85 91 95

SP 50 50 21

Eff 75 79 74

Vitamin E (μmol/L)

Cutoff 12.0 12.0 17.46

Sn 84 84 91

SP 100 100 35

Eff 89 89 76

Vitamin C (μmol/L)

Cutoff 24.9 25.9 30.87

Sn 93 94 95

SP 100 94 56

Eff 95 94 85
AMI: Acute myocardial infarction, GSH: Glutathione, MDA: Malondialdehyde

Table 4: Some specific characteristics of the AMI patients
Specific characteristics AMI patients

Sex Males: 78.3% Females: 21.7%

Smoking habits Smokers: 42%
Males: 88%
Females: 12%

Nonsmokers: 58%
Males: 64%
Females: 36%

Living locality Urban: 59%
91% smokers

Suburban: 41%
92% smokers

AMI: Acute myocardial infarction

Table 5: Age-wise distribution of AMI patients
Age (years) No. of cases (%)

31–40 20 (12.4)

41–50 45 (28)

51–60 53 (32.9)

61–70 37 (23)

71–80 6 (3.7)
AMI: Acute myocardial infarction
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is a result of the disease or its further aggravation. However, 
a strong interconnection is observed between low Vitamin E 
levels and high risk of coronary heart disease (CHD) events 
and hence Vitamin E inadequacy could be a risk factor for 
coronary disease.[38]

The protective effect of Vitamin E against atherosclerosis 
may be caused by its role in the inhibition of LDL oxidation. 
Oxidized LDLs are atherogenic through their increased 
uptake by macrophage scavenger receptors, immunogenicity, 
or their induction of cytotoxic, chemotactic, and growth 
factors. In addition, Vitamin E has a potential role to 
prevent other injurious effects involved in the pathogenesis 
of atherosclerosis. Vitamin E also decreases the secretion 
of interleukin-1 and endothelial adhesion of monocytes, 
platelet adhesion, platelet aggregation, and proliferation of 
smooth muscle. Adequate Vitamin E intake through diet or 
supplements may prevent CHD.[38,39] Vitamin C is considered 
to be the most effective aqueous-phase antioxidant in humans. 
Free radicals formed in the body fluid in patients with AMI are 
detoxified by antioxidants such as Vitamin C, which explain 
the depletion in Vitamin C concentration in the present study. 
Vitamin C inhibits the oxidation of LDL in vitro. Ascorbate 
is an important physiological antioxidant that helps to reduce 
tocopheroxyl radical to tocopherol. Vitamin C participates in 
different biological activities concerning electron transport 
reaction and scavenging ROS, thereby preventing oxidative 
damage to DNA, lipids, and proteins or regeneration of 
Vitamin E from α-tocopheroxyl radical.[38,40,41] Thus, Vitamin C 
protects the cell membrane from external oxidants and cannot 
be transported efficiently into blood cells. The existence of 
dihydroxy ascorbic acid has long been considered an evidence 
of ascorbate oxidation. Depleted serum Vitamin C levels were 
shown in several conditions related to oxidative stress such as 
DM, cancer, and CHD.[38,41]

A measured parameter can be used to put in a framework that 
enables its use as a “risk factor,” to indicate the probability 
level of developing (AMI) or a “marker,” to indicate the 
presence and severity of AMI. Researchers have developed 
the concepts of sensitivity, specificity, and efficiency of tests to 
assess the effectiveness of a parameter as a diagnostic tool.[42] 

Sensitivity of a test defines its capability to diagnose a patient 
and is given by,

Sn={NTP/(NTP+NTN)}×100[42]

where NTP is the number of successfully diagnosed patients and 
NTN is the number of successfully identified healthy persons 
in any sample.

The specificity is a measure of the capability of the test to 
isolate healthy persons, it is defined as:

Sp={NTN/(NTN+NFP)}×100

where NFP is the number of healthy persons with the positive 
test in the sample.

Finally, the efficiency of any test is defined as:

Ef={NTP+NTN) NS}×100

where NS is the total sample size.

Successful implementation of the above measures to any 
marker requires an accurate estimation of the “cutoff value” 
or “reference interval” of the marker.[43] It is defined as “the 
usual value of a healthy population.” Cutoff values can either 
be identified as the 95th or 99th percentiles of the control group 
values depending on the accuracy of the test. It could also be 
chosen to optimize the sensitivity and specificity according to 
the receiver operator characteristics method.[44]

Conclusion

The imbalance in the oxidative status and antioxidant activity 
in AMI patients reflects the importance of measuring the level 
of serum oxidative stress biomarkers and antioxidants as a 
diagnostic and prognostic tool for medical management of 
AMI. Estimation of non-enzymatic compounds such as serum 
uric acid and ceruloplasmin can rule the status of antioxidant 
defense system which may help in the treatment, prognosis, and 
prevention of AMI. The study reflects the ability of oxidative 
stress markers and antioxidants to integrate these parameters 
in the development of CVD. Therefore, monitoring of serum 
oxidative stress biomarkers and antioxidants in AMI patients 
is necessary for the effective management of the disease which 
may help in the treatment. The grouping of parameters gave 
tools for use as a risk factor and/or diagnostic markers with 
efficiency over individual parameters.
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