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A b s t r a c t

Introduction: Acute myocardial infarction (AMI) is still one of the most common causes of death worldwide. In recent years, for 
diagnosis of myocardial ischemia, a new parameter, called ischemia modified albumin (IMA), which is thought to be more advanta-
geous than common methods, has been researched. 

Aim: In this study, systematic analysis of parameters considered to be related to myocardial ischemia has been performed, 
comparing between control and myocardial ischemia groups. 

Material and methods: We selected 40 patients with AMI and 25 healthy controls for this study. Ischemia modified albumin lev-
els, glutathione peroxidase (GPx), superoxide dismutase (SOD), and catalase (CAT) antioxidant enzyme activities and non-enzymatic 
antioxidants such as retinol, α-tocopherol, β-carotene and ascorbic acid levels were investigated in both groups. Glutathione (GSH) 
and malondialdehyde (MDA) levels, which are indicators of oxidative stress, were compared between patient and control groups. 

Results: Ischemia modified albumin levels were found significantly higher in the AMI diagnosed group when compared with 
controls. The MDA level was elevated in the patient group, whereas the GSH level was decreased. SOD, GPx and CAT enzyme levels 
were decreased in the patient group, where it could be presumed that oxidative stress causes the cardiovascular diseases. 

Conclusions: Due to the increased oxidative stress, non-enzymatic and enzymatic antioxidant capacity was affected. Systematic 
investigation of parameters related to myocardial infarction has been performed, and it is believed that such parameters can con-
tribute to protection and early diagnosis of AMI and understanding the mechanism of development of the disease.
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Introduction
Recently, research has revealed that cardiovascular 

disease (CVD) is coming to have an increasing role as the 
main cause of mortality and morbidity worldwide. Stud-
ies indicate that death rates from CVD in the entire world 
between 1990 and 2020 will have risen from 28.9% 
to 36.3% [1]. Atherosclerosis itself plays a  role in more 
than half of all deaths in the world [2]. Atherosclerosis, 
which is one of the most important causes of myocardial 
infarction, is a  kind of vessel disease, characterized by 
loss of elasticity and thickness of the arteries, especially 
coronary and cerebral arteries. Many hypotheses about 
the causes of atherosclerosis have been proposed. In the 

light of research it has been demonstrated that the most 
consistent one is the oxidative stress hypothesis [3, 4].

In the case of inability in antioxidant defense system, 
reactive oxygen species (ROS) accumulates in the body 
due to various reasons. In general, this situation is called 
oxidative stress [5, 6]. Free radicals interact with biomol-
ecules due to their reactive structure. Thus, oxidative 
stress was reported to be related to cancer, cardiovascu-
lar disease and progression of the aging process [7].

Antioxidants inhibit cell damage related to oxidation, 
by preventing the formation of active oxygen or by binding 
to formed active oxygen [8]. Antioxidants are classified ac-
cording to molecular structure as enzymatic (superoxide 
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dismutase – SOD, glutathione peroxidase – GPx, catalase 
– CAT) and non-enzymatic (glutathione – GSH, α-tocoph-
erol, β-carotene, retinol). Additionally they are classified 
as intracellular (SOD, CAT, GPx), extracellular (albumin, 
vitamins C) and membrane antioxidants (α-tocopherol, 
retinol) depending on their presence in the cell [9].

Ischemia is a  restriction in blood supply to tissues, 
causing a  shortage of oxygen needed for cellular me-
tabolism. Ischemia is generally caused by arterial spasm 
or blockage of the arterial flow. The most common and 
life-threatening forms of ischemia are cardiac ischemia 
and cerebral ischemia. Acute myocardial infarction (AMI) 
is still one of the most common causes of death world-
wide. All symptoms and signs which show up due to AMI 
are known as coronary syndrome [1, 2].

In the diagnosis of myocardial ischemia together 
with ECG findings, biochemical tests are usually used by 
determining creatine kinase MB (CK-MB) and troponin 
levels. However, these tests are inadequate for diagno-
sis in some cases, especially in the early stage of these 
attacks. In recent years, for the diagnosis of myocardial 
ischemia a new parameter has been researched, called 
ischemia modified albumin (IMA), which is thought to be 
more advantageous than common biochemical methods. 
In previous researches, it was shown that formation of 
IMA starts immediately following the tissue ischemia and 
returns to normal levels within 48 h. The most important 
reason for the formation of IMA is thought to be that free 
radicals are produced in the ischemic tissue. 

An early and accurate diagnosis of AMI remains one 
of the most difficult problems facing emergency depart-
ment clinicians. Therefore, in this study, systematic anal-
ysis of parameters that are considered to be related to 
AMI was performed in the study groups. 

Aim
For this purpose, IMA levels, cardiac and oxidative 

stress markers, and enzymatic and non-enzymatic an-
tioxidants were investigated in patient and controls 
groups.

Material and methods
Chemicals
Potassium phosphate, sodium phosphate dibasic 

dihydrate, hydrogen peroxide, ethanol, sodium chlo-
ride, nitric acid, perchloric acid, phosphate buffer, GSH, 
thiobarbituric acid, EDTA, 5,5-dithiobis-(2-nitrobenzoic 
acid), disodium hydrogen phosphate, hexane, sodium 
nitrite, sodium nitrate, albumin, and dithiothreitol were 
purchased from Sigma Aldrich (USA). Commercial kits of 
GPx, CAT, and SOD were obtained from Cayman Chemi-
cal (USA). All other chemicals and reagents used in this 
study were of analytical grade. Ultra-distilled water was 
used as the solvent.

Patients
The present study was approved by the Human Eth-

ical Committee, Bezmialem Vakıf University, Faculty of 
Medicine, Istanbul, Turkey. The study group consisted of 
40 patients diagnosed with acute myocardial infarction 
at Bezmialem Vakif University, Emergency Department. 
The control group included 25 healthy volunteers with-
out any diagnosed heart problem. For the diagnosis of 
AMI, typical chest pain suggestive of acute coronary syn-
drome, ischemic ECG findings and CK-MB elevation were 
assessed. In the control group, without considering risk 
factors, healthy individuals who have no any heart dis-
ease were included.

Patients who reported a  longer than 24-hour delay 
from symptom onset to emergency department admis-
sion were excluded. For the diagnosis of AMI one of the 
following criteria was searched. Chest pain, ST-segment 
elevation more than 1 mm and increased cardiac mark-
ers. Patients with thyroid and renal disease, chronic in-
flammatory disease and undergoing surgery within the 
last year were excluded from study group. All patients 
between 30 and 80 years old suffering from myocardi-
al infarction were included. Patients with non-ischemic 
heart disease were also excluded from the study [10].

Biochemical analysis
Whole blood samples were collected into heparin-

ized tubes and whole blood MDA and GSH levels were 
studied on the day of admission. The serum and eryth-
rocyte samples were stored in a polystyrene plastic tube 
at –70°C until the time of analysis. Serum ascorbic acid, 
retinol and α-tocopherol activities were studied using 
a spectrophotometer (Shimadzu U.V. Visible 1601).

The MDA (as an important indicator of oxidative stress) 
levels were measured according to the method of Jain et al. 
based on spectrophotometry [11]. Whole blood GSH, β-car-
otene and vitamin A  (retinol) concentrations were mea-
sured by the spectrophotometric method [12, 13]. Vitamin 
E (α-tocopherol) was analyzed colorimetrically [14]. Serum 
vitamin C (ascorbic acid) level was determined after deri-
vatization with 2,4-dinitrophenylhydrazine [15]. 

Serum vitamin C (ascorbic acid) level was determined 
after derivatization with 2,4-dinitrophenylhydrazine [16].

Catalase, SOD and GPx activities were determined by 
using Cayman’s ELISA kit according to the manufactur-
er’s instructions (Cayman Chemical, USA) [17–19].

For determination of IMA level, the albumin cobalt 
binding test was used. The test developed by Bar-Or  
et al. was based on measuring descending albumin co-
balt binding capacity [20]. The result of absorbance was 
reported as absorbance units (ABSU).

Statistical analysis
The results were expressed as mean SD. Student’s 

t-test was used to compare the mean values of differ-
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ent biochemical parameters between AMI and control 
groups. In all data analysis, a value of p < 0.05 was con-
sidered statistically significant.

Results
Results of biochemical analyses of AMI patient and 

control groups are presented in Figures 1–3. Mean values 
of patient serum IMA (0.527 ±0.08), cTnI (0.614 ±0.59) 
and CK-MB (22.875 ±13.23) levels were significantly 

higher than in the control group (0.347 ±0.05, 0.027 
±0.01, 6.54 ±1.52, respectively) (p < 0.001). Control group 
erythrocyte SOD (0.157 ±0.02), CAT (17.595 ±2.63) and 
GPx (58.655 ±7.41) antioxidant enzyme activity levels 
compared to the patient group were markedly lower 
(0.178 ±0.01, 20.136 ±3.12 and 64.691 ±5.94) (p < 0.01, p < 
0.001 and p < 0.01) respectively (Figure 1).

While whole blood MDA control group levels (1.335 
±0.18) were lower than AMI patient group levels (1.735 

Figure 1. Oxidant and non-enzymatic antioxidant levels for each group. A – Whole blood MDA levels. B – Whole 
blood GSH levels
All values are expressed as mean ± SD: ap < 0.01 with respect to control; bp < 0.001 with respect to control. MDA – Malondialdehyde, GSH – reduced glu-
tathione.
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Figure 2. Antioxidant enzyme activities for each 
group. A – Erythrocyte CAT activity. B – Erythrocyte 
GPx activity. C – Erythrocyte SOD activity
ap < 0.01 with respect to control; bp < 0.001 with respect to control. 
CAT – Catalase, SOD – superoxide dismutase, GPx – glutathione per-
oxidase.
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±0.46) (p < 0.001), whole blood GSH control group levels 
(54.054 ±5.04) were significantly higher than AMI patient 
group levels (49.744 ±5.17) (p < 0.001) (Figure 2).

According to the results of serum ascorbic acid, α-to-
copherol, retinol and β-carotene levels, it was observed 
that non-enzymatic antioxidant levels in the patient 
group (1.095 ±0.23, 0.958 ±0.48, 41.263 ±6.09 and 19.894 
±4.25) were lower than in the control group (1.362 ±0.16, 
1.449 ±0.34, 57.385 ±4.49 and 25.996 ±2.75, respective-
ly). Between groups a  statistically significant difference 
(p < 0.05) was determined (Figure 3).

Discussion
Atherosclerosis takes place in more than half of the 

deaths in the western world. Coronary atherosclerosis 
leads to ischemic heart disease (IHD), which mostly has 
serious consequences [2]. Atherosclerosis, which is one 
of the most important causes of myocardial infarction, is 
a kind of vessel disease, characterized by loss of elastici-
ty and thickness in arteries, especially the aorta, coronary 
and cerebral arteries. Many hypotheses about the causes 
of atherosclerosis have been proposed. In the light of re-
search it has been demonstrated that the most consis-
tent one is the oxidative stress hypothesis [3]. The rela-
tionship between atherosclerosis and oxidative stress is 

under investigation with experimental studies conducted 
on animals and humans, by examining the antioxidant 
and free radical balance in tissues and atheroma [4]. 

In the present study, between AMI diagnosed patients 
and control groups, statistically significant changes were 
also observed for IMA, CK, troponin, MDA, as well as an-
tioxidant enzymes (SOD, GPx, CAT), and non-enzymatic 
(GSH, β-carotene, vitamin A, C and E) antioxidants. 

In recent years, for diagnosis of myocardial ischemia, 
a new parameter has been researched, which is called 
ischemia modified albumin (IMA), thought to be more 
advantageous than common methods. In our study, IMA 
levels were found to be significantly higher in the patient 
group compared to the healthy group. Santgita et al. and 
Lin et al. state that cTnI and CK-MB levels increase in 
heart disease patients. In our study, both markers were 
found to be very high in patients compared to the control 
group [21].

Another important parameter related to oxidative 
stress, occurring as a result of lipid peroxidation caused by 
ROS activity, is malondialdehyde (MDA) [22]. Pucheu et al. 
showed that MDA during ischemic myocardial reperfusion 
was a  good oxidative stress indicator [23]. Cannon also 
remarked that the cause of an increased level of MDA in 
AMI patients is cellular damage induced by free oxygen 

Figure 3. Non-enzymatic antioxidant levels for each group. A – Serum β-carotene levels. B – Serum retinol levels. 
C – Serum α-tocopherol levels. D – Serum ascorbic acid levels
p < 0.05 with respect to control.
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radicals [24]. We believe that intense oxidative stress in-
duces the increase of MDA. In addition, MDA plays role in 
the formation of atherogenesis, which as a result causes 
ischemic heart diseases. These findings indicate that MDA 
is an important cardiovascular parameter, which should be 
followed before and during the disease.

Antioxidants inhibit cell damage related to oxidation, 
by preventing the formation of active oxygen or by bind-
ing to formed active oxygen [25], and are an important 
part of prevention of tissue damage caused by oxidation 
[26]. The most important intracellular enzyme that de-
toxifies free radicals is glutathione peroxidase (GPx) [27]. 
West et al. showed that SOD and CAT antioxidant enzyme 
activities decreased in samples collected from a  human 
coronary artery [28]. Another study showed that these pa-
rameters were lower in the patient group than the control 
group [29]. According to Espinola-Klein et al., erythrocyte 
GPx activity depending on the severity of atherosclerosis 
showed a decrease with increased cardiovascular risk [30]. 
In the present study, SOD and CAT levels in patients un-
dergoing MI were found that decreased significantly as 
other antioxidant enzymes such as GPx. Activity loss of 
these enzymes, which are responsible for detoxification of 
H2O2 and O2˙, was shown as a result of oxidative stress in 
myocardial infarction patients. Especially after myocardial 
reperfusion, reduction of increased O2˙ radicals to normal 
levels by antioxidant enzymes is essential. For prevention 
of tissue damage, maintaining such enzyme levels within 
normal values is critical [28–31].

The most important task of glutathione in the organ-
ism is reduction of enzyme and protein sulfhydryl groups 
(–SH) and providing control of reduced forms at sufficient 
levels [32]. Coppola et al. indicated that administration of 
GSH in heart patients shows antioxidant effects as well 
as improving the blood filtration and reducing blood vis-
cosity [33].

Usal et al. stated that erythrocyte GSH levels in the 
myocardial infarction patient group compared to the 
control group were significantly higher, and MDA levels 
were increased [34]. In our study, whole blood GSH con-
trol group levels were significantly higher than the AMI 
patient group (p < 0.001). It is known that reactive oxy-
gen species oxidize thiol groups of proteins. Glutathione 
which contains –SH groups in its structure is active in 
removing the damage. Consequently lower GSH levels in 
AMI patients were observed.

Ascorbic acid has multiple antioxidant features in-
cluding the ability to regenerate α-tocopherol by reduc-
ing α-tocopheryl radicals, which are present on the mem-
brane surface [35]. Senthil et al. observed a decrease in 
vitamin C in cardiogenic shock patients. This decrease 
could favor the use of vitamin C as an antioxidant de-
fense against increased ROS [29].

Vitamin E has very strong antioxidant properties, and 
for this reason several ischemia reperfusion studies have 
been performed [36]. This non-enzymatic antioxidant 

plays a  role in preventing cell membranes’ integrity by 
limiting lipid peroxidation caused by ROS. β-Carotene is 
a unique lipid-soluble chain-breaking antioxidant, which 
takes the peroxyl radicals [37].

In this study, mean levels of ascorbic acid, retinol, α-to-
copherol and β-carotene were significantly lower in AMI pa-
tients than the control group, while MDA was significantly 
higher in AMI patients. In the AMI patient group we found 
significantly lower levels of ascorbic acid and α-tocopher-
ol when compared to the control group. All these data re-
marks a balance tendency for the benefit of ROS and harm-
ful damage to the antioxidant system, which is unable to 
compete with oxidative stress and inflammation [38].

Consequently, decrease in the level of enzymatic and 
non-enzymatic antioxidants, plays role in the develop-
ment of AMI. As an alternative to heart disease diagnostic 
methods, among potential subjects, these values should 
be evaluated. Alternatively to conventional methods, pre-
vention of development of AMI and sudden death, can be 
achieved by evaluation of these values in potential heart 
disease patients. However, still more research must be 
performed and comparison of other factors is necessary 
in order to be conclusive. In addition, this study indicates 
that high levels of IMA can be used more widely in the 
diagnosis of AMI together with other biochemical param-
eters to obtain more reliable diagnostic data. 
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