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Abstract 
Free radical induced oxidative stress and modification in 
LDL cholesterol play a major role in the pathophysiology 

of AMI. This study evaluated the role of oxidative stress 
in the pathogenesis and course of AMI with different risk 
factors. The markers of oxidative stress in 300 AMI 
patients and in 100 sex and age matched control subjects 
were estimated. These markers - the antioxidant 
enzymes, molecules and lipid peroxidation were found to 
be altered in these patients.SOD and CAT were found to 
be decreased in AMI patients with age ranges from 40-
60yrs and GPx and GR were decreased in the age  group 
of <40yrs. SOD, Gpx and GR were also decreased in 
AMI males when compared to AMI females. They were 
also found to be decreased in AMI patients with the 
history of diabetes, hypertension, a cholesterol value > 
200mg/dl and with the habit of smoking and alcohol 
intake. The values of LPO is found to be elevated in all 
the AMI patients irrespective of the risk factors studied. 
Further evaluation after recovery wasn’t done in these 
patients, and is a limitation of this study. More studies 
are required from different parts of the country to 
enhance our results. 
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1. Introduction 
  

 

1.1 Free Radicals and AMI 
Excess free radicals, which enhance the oxidative 
stress, are thought to initiate atherosclerosis by 
damaging blood vessel walls and is the major 
contributor to the pathophysiological changes 
leading to AMI (Sreekanth et al., 2014). LDL-
cholesterol has long been implicated in the 
development of heart disease and possess a threat 
after oxidation by free radicals, as it is reported to 
migrate across endothelialmembranes into the 
arterial wall (Navab et al.,1996). These oxidized 
components attract macrophages, which absorb and 
deposit cholesterol within the cell to form what has 

been referred to as ‘foam cells’ and they may 
initiate the formation of an atherosclerotic lesion, 
which can result in blockage of the vessel leading 
to AMI (Henriksen et al.,1981). 
  
1.2 The antioxidant system  
The first line of cellular defense against oxidative 
stress by free radicals consists of enzymes such as 
superoxide dismutase (SOD), catalase (CAT) and 
peroxidases and reductases. These antioxidant 
enzymes react directly with the oxidizing radicals 
to yield non-radical products. SOD is a free radical 
metabolizing enzyme, catalyzing dismutation of 
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superoxide anion to hydrogen peroxide (Oberley 
and Oberley, 1984). This protects the cell 
membrane from damage by this highly reactive 
species.Catalase catalyses the dismutation of 
hydrogen peroxide.  The hydrogen peroxide formed 
by the dismutation of superoxide anion by SOD is 
decomposed to water by catalase, thus neutralizing 
the deleterious effects of H2O2 in the body (Pryor, 
1986). Glutathione plays a major role in cellular 
protection against oxidative damage (Mallika et al., 
2000). Selenium dependent glutathione peroxidase 
(GPx) removes both H2O2 and lipid peroxides by 
catalyzing the conversion of lipid hydroperoxides 
to hydroxy acids in the presence of reduced-
glutathione (GSH). Conditions that perturb 
intracellular levels of glutathione have been shown 
to result in significant alteration in the cellular 
metabolism. When these antioxidant system cannot 
function efficiently, accumulation of free radicals 
and increased oxidative stress occurs (Hemalatha et 
al., 2006) which contributes to the complications of 
AMI. 
  
2. Objectives of Research 
 
Though there are many studies done and published 
based on the oxidant and antioxidant level linking 
with cardiovascular diseases (CADs), the role of 
oxidative stress in the course of AMI with the 
involvement of various risk factors are rarely done 
and analyzed. Hence the present research work was 
undertaken to evaluate the oxidative stress in the 
course and pathogenesis of AMI by investigating the 
level of the markers of the oxidative stress in patients 
suffering from AMI with different risk factors to 
know the extent of oxidative stress in these patients. 
 
3. Materials and Methods 
 
This experimental study is designed to investigate the 
role of oxidative stress in AMI by estimating the 
markers of oxidative stress like antioxidant enzymes, 
molecules and lipid peroxidation products. The 
values obtained were compared with normal control 
subjects. The study also evaluated the extent of 
oxidative stress in various risk factors associated with 
AMI. 
  
3.1 Study Subjects and selection criteria 
All patients admitted to the Intensive Coronary Care 
Unit (ICCU) of Amala Cancer Hospital with a 
diagnosis of acute myocardial infarction presenting 
within 24 hours of onset of chest pain were included 
in this case control study. Present study included 300 
AMI patients and 100 sex and age matched control 
subjects. Myocardial infarction was diagnosed by at 
least 0.1-mv ST segment elevation in two or more 
contiguous limb leads or 0.2-mv ST segment 
elevation in two or more chest leads associated with 
typical chest pain. Patients with cardiogenic shock, 

cerebrovascular accident and significant hepatic or 
renal diseases were excluded. Patients with clear 
evidence of infection anywhere in the body were also 
excluded. The normal volunteers had no past history 
or evidence of cardiovascular disease, hypertension 
or diabetes mellitus. The present study does not 
include control subjects with a history of neoplastic, 
hepatic, infectious or autoimmune disease or any 
surgical procedure in the preceding 6 months. 
Written informed consent was obtained from each 
subject and the study was approved by the 
institutional ethics committee.  
 
3.2 Supporting Investigations 
In patients included in the study, detailed history was 
taken and complete physical examination was carried 
out. A 12 lead ECG with V3R and V4R was recorded 
immediately on admission and repeated after 2hrs, 
6hrs, 12hrs, 24hrs, 48hrs and pre-discharge. 10 ml of 
blood was drawn from the peripheral vein on 
admission for biochemical analysis. Serial creatine 
kinase assays were done to confirm the myocardial 
infarction and it was done at 2hrs, 6hrs, 12hrs, 24hrs, 
and 48hrs after admission. Routine hematological 
parameters and lipid profile were also done. Chest X- 
ray was done at the time of discharge from the ICCU. 
An echocardiographic examination was performed at 
the time of discharge or at the end of the first week or 
early second week after admission. All patients were 
seen in the cardiology out-patient department 4 to 6 
weeks after discharge, when a detailed history was 
taken and complete physical examination was again 
carried out. A symptom limited treadmill test was 
done as per the Bruce protocol and maximum heart 
rate (HR), blood pressure (BP), double product, time 
to 1 mm ST depression, metabolic equivalences 
(METs) achieved, duration of exercise, angina, 
dyspnoea and arrhythmias were recorded along with 
ST segment changes. 
  
3.3 Risk factors assessed  
The patients were allowed to relax and on the second 
day they were subjected to an oral questionnaire as 
described in our Proforma, in order to collect the 
history of these patients. They were asked about the 
type of chest pain, the time of onset of the pain, 
radiation to other parts of the body and any previous 
history of chest pain.  They were also asked about the 
symptoms associated with the chest pain, history of 
diabetes, history of hypertension, habits of smoking 
or alcohol or pan chewing, food habits (vegetarians 
or non-vegetarians) and any positive family history 
of AMI. Then these patients were categorized 
according to the following risk factors and based on 
these risk factors the study has been designed. 
1. Age and sex 
2. Time of onset of chest pain 
3. History of diabetes and hypertension 
4. A cholesterol value of <200 mg/dl and >200 mg/dl 
5. Habits of smoking and alcohol intake 
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6. Food habits and a positive and a negative family 
history of AMI 
 
3.4 Biochemical analysis 
Biochemical analysis were carried out in the blood 
samples collected from the patients.SOD is 
measured by the degree of inhibition of formazan 
dye, which is formed by the reduction of 
nitrobluetetrazolium (NBT) in presence of riboflavin 
(Mc Cord and Fridovich, 1969). Whole blood was 
obtained by venipuncture prevented from coagulation 
by heparin. 0.1ml of blood was hemolysed by 0.9ml 
of cold (4oC) water. Hemoglobin was removed by 
0.25ml of chloroform and 0.5ml of ethanol with 
rigorous mixing (Tsuchihashi's method). The mixture 
was centrifuged at 18,000 X g for 60 min. The clear 
supernatant was used for SOD assay. Different 
microliters of supernatant was pipetted into test 
tubes. The volume was made up to 2.65ml with 
phosphate buffer (pH 7.8). 2.65ml of phosphate 
buffer was taken as blank. Into these tubes 0.2ml of 
EDTA / NaCN followed by 0.1ml of NBT were 
added. Just before taking the reading 0.05ml of 
riboflavin was added into each tube and the 
absorbance was noted at 560 nm. After taking the 
initial readings the tubes were kept for illumination 
for at least 15 min. Then the tubes were removed and 
the final readings were again taken at 560 nm. The 
difference between initial and final readings were 
used for the determination of SOD values. 
     
In the UV range H2O2 shows a continued increase in 
absorption with decreasing wave length. The 
decomposition of H2O2 can be followed directly by 
the decrease in extinction at 240nm (E240). The 
difference in extinction (∆E240) per unit time is a 
measure of the catalase activity (Aebi H, 1983). The 
assay system consisted of phosphate buffer (50mM, 
pH:7) 1ml, hemolysate 2ml in control and 2ml 
hemolysate and 1ml H2O2  solution (30mM) in test. 
The reaction occurred by the addition of H2O2.   The 
decrease in extinction was recorded at 240 nm at 15 
sec intervals for 3 minutes. 
               
The glutathione was estimated by the reaction of 
GSH with DTNB to give a yellow colored complex 
with absorption maximum at 412 nm (Moron et al., 
1979). The reaction mixture contained 0.5ml of 
hemolysate and 125µl of 25% trichloroacetic acid 
(TCA) to precipitate the proteins. The tubes were 
cooled on ice for 5min and the mixture was further 
diluted with 0.6ml of 5% TCA. Centrifuged for 
10min and 0.3ml of the resulting supernatant was 
taken for the GSH estimation. The volume of the 
aliquot was made up to 1ml with 0.2M phosphate 
buffer (pH 8) and 2ml of freshly prepared DTNB 
(0.6mM) was added to the tubes and the intensity 
of yellow color formed was read at 412nm. 
 
Glutathione reductase (GR) activity is determined 

by the amount of NADPH consumed in the 
conversion of oxidized glutathione (GSSG) to 
reduced glutathione (GSH). The reaction is 
catalyzed by glutathione reductase (Racker et al., 
1955). The reaction mixture contained 40 µl of 
sample (serum, plasma or blood) and 1000 µl of 
GSSG (2.2mmol/l). The reaction commenced with 
the addition of 200 µl of NADPH and the decrease 
in absorbance/min was noted and followed at every 
1min interval for 5min at 340nm.  
    
Glutathione peroxidase (Gpx) was estimated by the 
method of Paglia and Valentine (Paglia and 
Valentine, 1967). The reaction mixture contained 
50 µl of blood, 50 µl of distilled water, 2.5ml of 
reagent (GSH 4mmol/l, GR>0.5U/l and NADPH 
0.34mmol/l) and 10 µl of cumenehydroperoxide 
(4.3mmol/l). The absorbance was taken at 1min 
interval for 3min at 340nm at 37oC. 
 
Glutathione-S-transferase (GST) was estimated by 
the method of Habig et al (Habig et al., 1974). The 
reaction mixture contained 2.79ml phosphate 
buffer (0.1M, pH 6.5), 100 µl of GSH (30mM), 10 
µl of hemolysate and 100 µl of CDNB (30mM). 
The absorbance was noted for 3min at 1min 
interval at 340nm at 370C. 
  
Lipid peroxidation (LPO) is a chain reaction initiated 
by the attack on the membrane lipids by free radicals 
that has sufficient reactivity to abstract a hydrogen 
atom from the methylene group. This leaves behind 
an unpaired electron on the carbon atom. The carbon 
radical is stabilized by molecular rearrangement to 
produce conjugated diene, which then reacts with an 
oxygen molecule to form a peroxy radical. Peroxy 
radical can form cyclic peroxide and cyclic 
endoperoxide. Fragmentation of these peroxides 
leads to the formation of malondialdehyde (MDA) 
(TBARS). This reacts with thiobarbituric acid to 
form pink colored complex, which is measured at 
532 nm (Yoshioka et al., 1979).  0.2ml of the serum 
was mixed with 1ml of 20% trichloroacetic acid 
(TCA). To the mixture 0.4ml of 0.67% thiobarbituric 
acid (TBA) was added, shaken and kept for 30 
minutes in a boiling water bath. After cooling to 
room temperature, 1.6ml of butanol was added and 
the mixture was shaken. The organic mixture was 
separated by centrifugation and its absorbance was 
measured at 532nm. The break down product of 1, 1, 
3, 3-tetramethoxy propane was used as standard. 
 
3.5Statistical analysis  
The statistical analysis was done by using 
Sigmastat version 2 and the values obtained were 
expressed as mean +SD . Statistical significance 
was found out by using the ‘z- test’ and by the 
analysis of variance (ANOVA). The ‘z’ value was 
determined and the results obtained zby ‘z- test’ 
were expressed in terms of probability (p).  ‘z’ 
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value > 2.88 (p<0.01) and >1.96 (p<0.05) were 
considered to be statistically significant. The inter 
group comparison has been done by using the one-
way analysis of variance (ANOVA) using the same 
programme.The results of ANOVA were expressed 
in terms of alphabets. The same alphabets denote 
the homogeneity between the values and different 
alphabets denote the heterogeneity between the 
values. Always the highly significant value is 
expressed by the alphabet ‘a’ followed by b, c and 
d. The‘d’ denotes the least significant value among 
the four 

4. Results 
 
Table 1 represents the values of antioxidant 
enzymes and lipid peroxidation in normal and in 
AMI patients. The values of SOD, CAT, GSH, 
GPX, GR and GST were found to be significantly 
decreased (p<0.01) in all the AMI patients when 
compared to that of the normal healthy individuals. 
The value of lipid peroxidation was found to be 
significantly elevated (p<0.0l) in all the AMI 
patients when compared to that of the normal 
controls. 

 
Table 1: Values of antioxidant enzymes and lipid peroxidation products in normal and in AMI patients 

Parameters 
Groups 
Normal (n=100) AMI (n=300) 

SOD (U/gm.Hb) 1418.99  ± 211.78 753.27  ± 209.73** 
CAT (K/gm.Hb) 124.26  ± 12.52 51.28  ± 14.89** 
GSH (nmol/ml of blood) 210.64  ± 16.56 138.27  ± 19.05** 
GPX (U/gm.Hb) 18.66  ± 1.74 12.29  ± 1.41** 
GR (U/gm.Hb) 10.06  ± 0.76 4.70  ± 1.02** 
GST(nmol/min/gm.Hb) 60.78  ± 7.73 28.63  ± 5.33** 
Lipid Peroxidation products (nmoles/ml of serum) 4.39  ± 0.54 8.01  ± 1.34** 

Values are mean +SD 
** p<0.01
 
Table 2: Values of antioxidant enzymes and lipid peroxidation products in normal and in AMI patients according to age and 
sex 

Values are mean ± SD 
**p < 0.01 
 

 
 
 

Paramet
ers 

Age (years) Sex 

 ≤ 40 40 - 60  ≥ 60 Male Female 

Normal 
(n=22) 

AMI 
(n=27) 

Normal 
(n=54) 

AMI 
(n=160) 

Normal 
(n=24) 

AMI 
(n=113) 

Normal 
(n=85) 

AMI 
(n=261) 

Normal 
(n=15) 

AMI 
(n=39) 

SOD 
(U/gm.
Hb) 

1451.94
±153.99 

942.07
± 
78.01a

** 

1478.25
±213.51 

628.44± 
199.23c

** 

1255.49
±161.49 

884.89± 
105.93b

** 

1445.79
±105.93 

726.45± 
222.82b

** 

1267.18
±146.87 

878.71± 
72.11a** 

CAT 
(K/gm.
Hb) 

124.41±
14.28 

57.31± 
14.56a

** 

125.52±
11.70 

50.71± 
13.37cb

** 

125.32±
12.41 

51.22±1
3.45b** 

125.32±
12.41 

51.22± 
13.45** 

118.25±
11.48 

51.69± 
11.18** 

GSH 
(nmol/
ml of 
blood) 

209.49±
13.07 

135.53
± 
21.56*
* 

210.48±
19.33 

140.11± 
18.43** 

212.08±
11.78 

136.33±
19.03** 

210.55±
17.14 

138.72± 
19.23** 

211.17±
12.80 

135.28± 
17.46** 

GPX 
(U/gm.
Hb) 

18.62±1
.46 

11.81± 
0.40bc

** 

18.54±1
.61 

12.17± 
1.38b** 

18.97±2
.15 

12.57±1
.40a** 

18.69±1
.71 

12.22± 
1.41b** 

18.51±1
.88 

12.76± 
1.30a** 

GR 
(U/gm.
Hb) 

10.00±0
.75 

3.89±0
.54c** 

10.11±0
.77 

4.63± 
0.98b** 

9.99±0.
75 

4.99±1.
03a** 

10.06±0
.77 

4.62± 
1.01b** 

10.03±0
.74 

5.24± 
0.88a** 

GST 
(nmol/
min/gm.
Hb) 

60.65±6
.54 

27.72±
4.49** 

60.73±8
.35 

28.67± 
5.53** 

60.99±7
.26 

28.79±5
.21** 

60.84±7
.76 

28.42± 
5.29** 

60.42±7
.55 

30.40± 
5.36** 

Lipid 
Peroxid
ation(n
moles/
ml of 
serum) 

4.32±0.
54 

7.82±1
.39** 

4.44±0.
55 

7.92± 
1.33** 

4.32±0.
52 

8.19±1.
31** 

4.41±0.
55 

7.97± 
1.34** 

4.24±0.
52 

8.28± 
1.30** 
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Inter group comparisons were done by one wayANOVA. 
Same alphabets denote homogenous values and different 
alphabets denote heterogenous values. 
 
Table 2 represents the values of antioxidant 
enzymes and lipid peroxidation products in normal  
and in AMI patients according to the age and sex. 
Irrespective of the age and sex the values of all the 
antioxidant enzymes were found to be significantly 
decreased (p<0.01) in AMI patients when 
compared to that of the normal controls whereas 
the values of lipid peroxidation products were 
found to be significantly increased (p<0.01) in 
AMI patients when compared to that of the normal 
controls. A comparison of the values of these 
antioxidant enzymes between different age groups 
of AMI patients have shown significantly 
decreased values of SOD and CAT in AMI patients 
with age ranges from 40-60 years when compared  
to that of the other two age groups. However, the 
values of GPx and GR were found to be 
significantly decreased in AMI patients with age 
<40 years when compared to that of the other two 
age groups of AMI patients. The values of GSH, 
GST and lipid peroxidation did not show any 
alteration between the different age groups of AMI 
patients. Comparisons between the values of 
antioxidant enzymes and lipid peroxidation 
between AMI males and females have shown 
significantly decreased values of SOD, GPx and 

GR in AMI males when compared to that of the 
AMI females. However, the values of CAT, GSH, 
GST and lipid peroxidation were did not show any 
significant variation between the groups. 
 
Table 3 shows the values of antioxidant enzymes 
and lipid peroxidation in normal and in AMI 
patients according to the time of onset of chest 
pain. Here the values of all the antioxidant enzymes 
were found to be significantly decreased (p<0.01) 
in all the AMI patients with different times of onset 
of chest pain when compared to that of the normal 
controls. The value of lipid peroxidation was found 
to be significantly increased (p<0.01) in all the 
AMI patients with different time of onset of chest 
pain when compared to that of the normal controls. 
A comparison of the values of antioxidant enzymes 
and lipid peroxidation between the AMI patients 
with different time of onset of chest pain have 
shown significantly reduced value of SOD in AMI 
patients with time of onset of chest pain from 6am 
to 12noon when compared to that of the other times 
of onset of chest pain. The values of GPx and GR 
were found to be significantly decreased in AMI 
patients with time of onset of chest pain from 12 
mid night to 6 am when compared to that of the 
other groups. However, the values of CAT, GSH, 
GST and lipid peroxidation products did not show 
significant difference between the groups. 

 
Table 3: Values of antioxidant enzymes and lipid peroxidation products in normal and in AMI patients according to the time 
of onset of chest pain 

Parameters 

Time of onset of chest pain 

Normal 
(n=100) 

AMI 

12midnight to 
6am (n=50) 

6am to 
12noon 
(n=94) 

12noon to 
6pm(n=90) 

6pm to 12midnight 
(n=66) 

SOD (U/gm.Hb) 
1418.99 ± 
211.78 

929.16 ± 
68.49a** 

684.53 ± 
217.46cd** 

744.39 ± 
223.33b** 

729.92 ± 173.77bc** 

CAT (K/gm.Hb) 
124.26 ± 
12.52 

53.51 ± 
15.55** 

51.13 ± 
13.13** 

49.88 ± 
12.56** 

51.71 ± 11.74** 

GSH (nmoles/ml of blood) 
210.64 ± 
16.55 

137.41 ± 
22.62** 

140.05 ± 
17.49** 

138.90 ± 
18.27** 

135.52 ± 18.92** 

GPX (U/gm.Hb) 18.66 ± 1.74 
12.02 ± 
1.50**bcd 

12.09 ± 
1.33bc** 

12.37 ± 
1.41ab** 

12.65 ± 1.36a** 

GR (U/gm.Hb) 10.06 ± 0.76 
3.98 ± 
0.59d** 

4.57 ± 
0.93c** 

4.99 ± 1.06ab** 5.03 ± 1.01a** 

GST (nmol/min/gm.Hb) 60.78 ± 7.73 
27.55 ± 
5.28** 

29.00 ± 
5.31** 

28.43 ± 5.33** 29.20 ± 5.23** 

Lipid Peroxidation 
(nmoles/ml of serum) 

4.39 ± 0.54 7.81 ± 1.41** 7.83 ± 1.33** 8.16 ± 1.26** 8.18 ± 1.34** 

Values are mean ± SD 
** p<0.01 
Inter group comparisons were done by one way 
ANOVA. Same alphabets denote homogenous values 
and different alphabets denote heterogenous values. 
 
Table 4 represents the values of antioxidant 
enzymes and lipid peroxidation in normal and in 
AMI patients according to the history of diabetes 
and hypertension. The values of - 
 

 
antioxidantenzymes were found to be significantly 
reduced (p<0.01) in AMI patients both with and 
without the history of diabetes and hypertension 
when compared to that of the normal healthy 
individuals. The value of lipid peroxidation was 
significantly increased (p<0.01) in AMI patients 
both with and without the history of diabetes and 
hypertension when compared to that of the normal 
controls. Activities of SOD and GR were found to 
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be decreased in AMI patients with the history of 
diabetes when compared to that of the AMI 
patients without the history of diabetes. The values 
of CAT, GSH, GPx, GST and lipid peroxidation 
products did not show any significant alteration 
between these groups. A significantly decreased 
value of SOD was observed in AMI patients 
without the history of hypertension when compared 

to that of the AMI patients with the history of 
hypertension. The value of GR was found to be 
significantly decreased in AMI patients with the 
history of hypertension when compared to that of 
the AMI patients without the history of 
hypertension. The values of CAT, GSH, GPx, GST 
and lipid peroxidation did not show significant 
variation between the groups. 

 
Table 4: Values of antioxidant enzymes and lipid peroxidation products in normal and in AMI patients according to the 
history of diabetes and hypertension 

Parameters 
Normal 
(n=100) 

AMI 

Diabetes Hypertension 

Diabetic 
(n=101) 

Non Diabetic 
(n=199) 

Hypertension 
(n=62) 

Non Hypertension 
(n=238) 

SOD (U/gm.Hb) 
1418.99 ± 
211.78 

651.46 ± 
190.03b** 

802.42 ± 
203.21a** 

860.40 ± 
98.55a** 

730.83 ± 
223.88b** 

CAT (K/gm.Hb) 124.26 ± 12.52 50.98 ± 12.52** 
51.43 ± 
13.49** 

50.26 ± 
12.36** 

51.55 ± 13.34** 

GSH (nmoles/ml of 
blood) 

210.64 ± 16.55 
140.14 ± 
17.52** 

137.32 ± 
19.72** 

141.22 ± 
15.32** 

137.50 ± 19.84** 

GPX (U/gm.Hb) 18.66 ± 1.74 12.13 ± 1.43** 12.37 ± 1.39** 12.12 ± 1.33** 12.33 ± 1.43** 

GR (U/gm.Hb) 10.06 ± 0.76 4.08 ± 0.64b** 5.02 ± 1.02a** 3.98 ± 0.60b** 4.89 ± 1.02a** 

GST 
(nmol/min/gm.Hb) 

60.78 ± 7.73 28.33 ± 5.57** 28.78 ± 5.19** 28.78 ± 5.28** 28.59 ± 5.34** 

Lipid Peroxidation 
(nmoles/ml of serum) 

4.39 ± 0.54 7.93 ± 1.30** 8.05 ± 1.35** 7.87 ± 1.43** 8.05 ± 1.31** 

Values are mean ± SD 
** p < 0.01 
Inter group comparisons were done by one way 
ANOVA. Same alphabets denote homogenous values 
and different alphabets denote heterogenous values. 
 
Table 5 represents the values of antioxidant 
enzymes and lipid peroxidation in normal and in 
AMI patients according to the values of 
cholesterol. The values of all the antioxidant 
enzymes were found to be significantly decreased 
(p<0.01) in AMI patients with cholesterol value 
>200 mg/dl and <200 mg/dl when compared to that 
of the normal controls and the value of lipid 
peroxidation was found to be significantly 
increased (p<0.01) in AMI patients with 
cholesterol value >200 mg/dl and <200 mg/dl when  
 

 
compared to that of the normal healthy individuals. 
A comparison between the values of antioxidant 
enzymes and lipid peroxidation in AMI patients 
with cholesterol value >200 mg/dl and<200 mg/dl 
have shown the significantly decreased value of 
SOD in AMI patients with cholesterol value <200 
mg/dl when compared to that of the AMI patients 
with cholesterol value >200 mg/dl. The value of 
GR was found to be significantly decreased in AMI 
patients with cholesterol value >200 mg/dl when 
compared to that of the AMI patients with 
cholesterol value <200 mg/dl. The values of 
catalase, GSH, GPx, GST and lipid peroxidation 
did not show any significant difference between the 
groups. 

Table 5: Values of antioxidant enzymes and lipid peroxidation products in normal and in AMI patients according to the 
values of cholesterol 

Parameters 
Cholestrol (mg/dl) 

Normal (n=100) 
                                AMI 
> 200 (n=105) < 200 (n=195) 

SOD (U/gm.Hb) 1418.99 ± 211.78 836.47 ± 159.97a** 710.49 ± 220.26b** 
CAT (K/gm. Hb) 124.26 ± 12.52 51.55 ± 13.34** 50.26 ± 12.36** 
GSH(nmoles/ml of blood) 210.64 ± 16.55 138.69 ± 20.57** 138.05 ± 18.19** 
GPX (U/gm.Hb) 18.66 ± 1.74 12.11 ± 1.43** 12.38 ± 1.39** 
GR (U/gm.Hb) 10.06 ± 0.76 4.12 ± 0.72b** 5.02 ± 1.02a** 
GST (nmol/min/gm.Hb) 60.78 ± 7.73 28.45 ± 5.56** 28.73 ± 5.20** 
Lipid Peroxidation(nmoles/ml of serum) 4.39 ± 0.54 7.85 ± 1.38** 8.09 ± 1.30** 

Values are mean ± SD 
** p < 0.01 
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Inter group comparisons were done by one way 
ANOVA. Same alphabets denote homogenous values 
and different alphabets denote heterogenous values. 
 
Table 6 represents the values of antioxidant 
enzymes and lipid peroxidation in normal and in 
AMI patients according to the habits of smoking 
and alcohol intake. The values of all the antioxidant 
enzymes were found to be significantly decreased 
(p<0.01) in AMI patients with and without the 
history of smoking and alcohol intake and the value 
of lipid peroxidation was found to be significantly 
increased (p<0.01) in all the AMI patients with and 
without the habits of smoking and alcohol intake 
when compared to that of their respective controls. 
A comparison between the values of antioxidant 
enzymes and lipid peroxidation in AMI patients  
 

with and without the habits of smoking have shown 
significantly decreased values of SOD, GPx and 
GR in AMI patients with the habit of smoking 
when compared to that of the AMI patients without 
the habit of smoking. However, the values of 
catalase, GSH, GST and lipid peroxidation did not 
show significant alteration between the groups. A 
comparison between the values of antioxidant 
enzymes and lipid peroxidation in AMI patients 
with and without the habit of alcohol intake have 
shown significantly decreased values of SOD, GPx 
and GR in AMI patients with the habit of alcohol 
intake when compared to that of the AMI patients 
without the habit of alcohol intake. Here also the 
values of catalase, GSH, GST and lipid 
peroxidation did not show any significant alteration 
between the groups. 

Table 6: Values of antioxidant enzymes and lipid peroxidation products in normal and in AMI patients according to the 
habits of smoking and alcohol intake 

Parameters 

Smoking Alcohol intake 
Yes No Yes No 
Normal 
(n=62) 

AMI 
(n=222) 

Normal 
(n=38) 

AMI 
(n=78) 

Normal 
(n=20) 

AMI 
(n=160) 

Normal 
(n=80) 

AMI 
(n=140) 

SOD(U/gm.Hb) 
1476.08 
± 195.99 

676.09±194
.62b** 

1325.87 ± 
203.36 

967.19 ± 
34.33a** 

1467.88 
± 151.41 

624.73 ± 
200.69b*
* 

1406.78 
± 222.67 

895.42 ± 
103.88a*
* 

CAT (K/gm.Hb) 
124.01 ± 
12.76 

50.58 ± 
13.60** 

124.68 ± 
12.17 

51.28 ± 
11.83** 

125.46 ± 
14.52 

51.57 ± 
13.96** 

123.96 ± 
11.95 

50.95 ± 
12.21** 

GSH  
(nmoles/ml of 
blood) 

210.65 ± 
18.68 

139.06 ± 
19.21** 

210.64 ± 
12.32 

136.03 ± 
18.41** 

208.67 ± 
13.41 

139.44 ± 
19.05** 

211.14 ± 
17.20 

136.94 ± 
18.97** 

GPX (U/gm.Hb) 
18.61 ± 
1.60 

12.18 ± 
1.41b** 

18.74 ± 
1.94 

12.59 ± 
1.37a** 

18.54 ± 
1.50 

12.09 ± 
1.40b** 

18.69 ± 
1.79 

12.51 ± 
1.39a** 

GR (U/gm.Hb) 
10.07 ± 
0.76 

4.56 ± 
0.99b** 

10.04 ± 
0.77 

5.02 ± 
1.00a** 

10.05 ± 
0.76 

4.44 ± 
0.93b** 

10.06 ± 
0.76 

5.00 ± 
1.03a** 

GST(nmol/min/ 
gm.Hb) 

60.46 ± 
7.92 

28.48 ± 
5.33** 

61.29 ± 
7.38 

29.07 ± 
5.31** 

60.52 ± 
6.01 

28.44 ± 
5.31** 

60.84 ± 
8.11 

28.85 ± 
5.35** 

Lipid 
Peroxidation 
(nmoles/ml of 
serum) 

4.38 ± 
0.55 

7.95 ± 
1.34** 

4.39 ± 0.53 
8.18 ± 
1.33** 

4.32 ± 
0.53 

7.88 ± 
1.36** 

4.40 ± 
0.55 

8.16 ± 
1.30** 

Values are mean ± SD 
** p < 0.01 
Inter group comparisons were done by one way 
ANOVA. Same alphabets denote homogenous values 
and different alphabets denote heterogenous values. 
 
Table 7 represents the values of antioxidant 
enzymes and lipid peroxidation in normal and in 
AMI patients according to the food habits and a 
family history of AMI. The values of antioxidant 
enzymes were found to be significantly decreased 
(p<0.01) and the value of lipid peroxidation was 
found to be significantly increased (p<0.01) in all 
the AMI patients both with the habits of vegetarian 
and nonvegetarian food intake and in AMI patients 
with and without the family history of AMI when  
compared to that of their normal controls. A 
comparison between the values of antioxidant 
enzymes and lipid peroxidation in vegetarian and  

 
nonvegetarian have shown significantly decreased 
values of SOD, GPx and GR in nonvegetarian AMI 
patients when compared to that of the vegetarian 
AMI patients. The values of CAT, GSH, GST and 
lipid peroxidation did not show any significant 
alteration between the groups. A comparison 
between the values of antioxidant enzymes and 
lipid peroxidation products in AMI patients both 
with and without the family history of AMI have 
shown significantly decreased values of SOD in 
AMI patients with a family history of AMI when 
compared to that of the AMI patients without the 
family history of AMI. The values of GSH and GR 
were found to be significantly decreased in AMI 
patients without the family history of AMI when 
compared to that of the AMI patients with the 
family history of AMI. The values of catalase, 
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GPx, GST and lipid peroxidation did not show any significant variation between the groups.   
 
Table 7: Values of antioxidant enzymes and lipid peroxidation products in normal and in AMI patients according to the food 
habits and a family history of AMI 

Parameters 

Food Habits Family history 
Vegitarians Non Vegitarians 

Normal 
(n=100) 

                AMI 
Normal 
(n=16) 

AMI 
(n=27) 

Normal 
(n=84) 

AMI 
(n=273) 

 +ve (n=82)  -ve (n=218) 

SOD (U/gm.Hb) 
1270.16 ± 
142.67 

981.79 ± 
55.17a** 

1447.35 ± 
210.92 

726.48 ± 
206.34b** 

1418.99 ± 
211.78 

660.71 ± 
212.03b** 

785.52 ± 
200.54a** 

CAT (K/gm.Hb) 
120.54 ± 
10.19 

50.86 ± 
12.88** 

124.97 ± 
12.81 

51.32 ± 
13.19** 

124.26 ± 
12.52 

49.29 ± 
13.71** 

52.03 ± 
12.88** 

GSH (nmoles/ml 
of blood) 

211.03 ± 
12.41 

139.45 ± 
15.19** 

210.57 ± 
17.23 

138.15 ± 
19.39** 

210.64 ± 
16.56 

141.79 ± 
17.74a** 

136.94 ± 
19.36b** 

GPX (U/gm.Hb) 
18.62 ± 
1.86 

12.84 ± 
1.23a** 

18.67 ± 
1.71 

12.23 ± 
1.41b** 

18.66 ± 
1.74 

12.19 ± 
1.33** 

12.32 ± 
1.44** 

GR (U/gm.Hb) 9.98 ± 0.74 
5.03 ± 
0.84a** 

10.07 ± 
0.77 

4.67 ± 
1.03b** 

10.06 ± 
0.76 

5.01 ± 
1.04a** 

4.58 ± 
0.98b** 

GST 
(nmol/min/gm.Hb) 

60.54 ± 
7.33 

27.72 ± 
5.19** 

60.82 ± 
7.80 

28.72 ± 
5.33** 

60.78 ± 
7.73 

28.79 ± 
5.19** 

28.57 ± 
5.38** 

Lipid Peroxidation 
(nmoles/ml of 
serum) 

4.25 ± 0.50 
8.28 ± 
1.28** 

4.41 ± 
0.55 

7.99 ± 
1.34** 

4.39 ± 0.54 
7.96 ± 
1.29** 

8.03 ± 
1.36** 

Values are mean ± SD 
** p<0.01 
Inter group comparisons were done by one way 
ANOVA. Same alphabets denote homogenous values 
and different alphabets denote heterogenous values 
 
5. Discussion 
 
5.1 Background 
Increased oxidative stress can lead to peroxidation 
of LDL molecules and can lead to the deposition of 
cholesterol in the sub-endothelial layer of the 
arteries via the foam cell formation leading to 
atherosclerosis, which slowly progress to coronary 
artery diseases like AMI. Oxidative stress is 
measured in terms of the antioxidant enzymes 
which act as the scavengers of free radicals, and 
protect from the free radical attack. When the level 
of these antioxidants are decreased that may lead to 
increased oxidative stress as seen in conditions like 
AMI.  
 
5.2 SOD and Catalase in oxidative stress and in 
AMI 
The results of the present study clearly shows the 
decreased values of SOD and CAT in AMI patients 
as compared to normal healthy controls. Low SOD 
levels have been reported in patients following 
angina pectoris and myocardial infarction (Vukelic, 
1997). SOD protects the heart muscle from free 
radical damage following ischaemia and serum 
levels are reportedly low following myocardial 
infarction and hence it can be used as a marker for 
the assessment of ischemic myocardial damage 
(Suskil, 1995). The activity of these markers of 
oxidative stress varies in the different risk group 
studied. SOD and catalase were found to be 
significantly decreased in AMI patients with age 
ranges from 40-60 years when compared to the  

 
other two age groups. SOD was significantly 
decreased in AMI males as compared to AMI 
females. The activity of SOD was also found to be 
decreased in AMI patients with time of onset of 
chest pain from 6 am to 12 noon, patients with the 
history of diabetes, history of hypertension, with 
cholesterol value <200mg/dl, with the habit of 
smoking, alcohol and non-vegetarian food intake 
and with a positive family history. The catalase 
activity was found to be decreased in patients with 
a positive family history of AMI. Hence the 
oxidative damage in these risk groups are expected 
to be more. The decreased activity of catalase could 
be due to increase in MDA which can cross link 
with amino group of protein to form intra- and 
inter-molecular cross links thereby inactivating 
several membrane bound enzymes such as catalase 
(Kikugawa et al., 1984). The decreased activity of 
catalase may result in the accumulation of H2O2 in 
the body. Thus the inadequacy of these enzymes 
lead to the accumulation of free radicals and an 
increased oxidative stress. 
  
5.3 Glutathione system and Oxidative stress in AMI 
The glutathione system consists of GSH, GSSG, 
GR, GPx and GST. They also function as effective 
free radical scavengers in the body. The antioxidant 
molecule GSH was also showed decreased values 
in these patients. Glutathione, a major non-protein 
thiol in living organisms, plays a central role in 
coordinating the body’s antioxidant defense 
processes. Perturbation of glutathione status of a 
biological system has been reported to lead to 
serious consequences. Administration of thiol 
compounds such as glutathione, cysteine and 
methionine are shown to protect against oxidative 
stress in humans and animals (Meister, 1989).  
GSH is a substrate for GPx, which removes H2O2 
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and also acts as substrate for dehydroascorbate 
reductase. GSH values were also found to be 
decreased in females with AMI and also in patients 
without a positive family history. We have 
observed low activity of GPx in these patients. 
Which may be attributed to the unavailability of 
GSH, the substrate for GPx. The capacity of the 
glutathione system to cope with free radicals 
mainly depends upon the activity of peroxidase and 
glutathione reductase. Glutathione reductase (GR) 
keeps a high ratio of GSH/GSSG in normal cells. 
In AMI patients we observed a very low level of 
glutathione reductase which in turn is linked to 
decreased concentration of GPx and reduced 
glutathione. GST plays an essential role in liver by 
eliminating toxic compounds by conjugating them 
with glutathione. The substrate variability of GST 
accounts for the reactivity of this enzyme with a 
wide range of endogenous, environmental, 
therapeutic and laboratory substrates (Halliwell and 
Gutteridge, 1992). We observed a low 
concentration of GST in all the AMI patients 
indicating the low activity of glutathione system as 
a whole in these patients. Of the risk factors 
analyzed, the values of GPxand GR were found to 
be significantly decreased in AMI patients with age 
<40 years and also in AMI males and in patients 
with time of onset of chest pain from 12 midnight 
to 6am. In patients with the habits of smoking, 
alcohol intake and non -vegetarian food intake also 
the values were found to be decreased. However 
GR was also found to be significantly decreased in 
AMI patients with the history of diabetes, 
hypertension, with cholesterol value > 200mg/dl 
and without a family history of AMI. The GSH 
values were also found to be significantly 
decreased in female patients as well as in AMI 
patients without a family history. However GST 
was found to be significantly decreased in AMI 
patients with the time of onset of chest pain from 
12 midnight to 6 am. All these again accounts an 
increased oxidative stress in these patients. 
 
5.4 Lipid Peroxidation and Oxidative stress in AMI 
The values of lipid peroxidation as measured as 
MDA was found to be increased in all AMI 
patients, indicating an increased oxidative stress by 
free radicals in these patients. Lipid peroxidation is 
known to play an important role in atherogenesis 
(Coresh and Kwiterovich, 1996). Increase in serum 
lipid peroxide level have been reported in diabetics, 
in patients with cardiovascular disorders (Gallou et 
al., 1993) and in aging subjects (Uysal et al., 1986). 
In the present study, serum endogenous MDA 
levels, a measure of lipid peroxidation were found 
to be higher in patients with acute myocardial 
infarction as compared to healthy control subjects. 
It was also found to be elevated in AMI females 
when compared to AMI males. It has been 
proposed that increased endogenous lipid peroxide 

levels in serum indicate the occurrence of 
membrane damages provoked by free radical 
induced diseases (Stringer et al., 1989) and that the 
removal of lipid peroxides in serum before they are 
taken up by peripheral tissue may improve the 
prognosis of such diseases (Loeper et al., 1991). 
Hence, these results clearly indicate the role of free 
radicals causing oxidative damage in AMI patients. 
 
Conclusion 
 
Increased oxidative stress play a major role in the 
course and pathogenesis of acute myocardial 
infarction as observed from this study. The extent 
of oxidative damage also varies in AMI patients 
with different risk factors. The factors like gender, 
age, diabetes, hypertension, habits like smoking, 
alcohol intake and a positive family history are 
subjected for more oxidative stress in patients with 
AMI  
 
Research Highlights 
 
In this particular study we have demonstrated the 
role of oxidative stress in the course and 
pathogenesis of AMI and how the oxidative stress 
is varying in AMI patients with respect to different 
risk factors. 
 
Limitations 
 
The major limitation of the study was, we haven’t 
evaluated the oxidative stress in AMI patients after 
the recovery to know whether it is reverted to 
normal  
 
Recommendations 
 
As this study is restricted to only one state in India 
presently, several such studies are required to carry 
out at different parts of the country to know the 
variation of the oxidative stress involved in the risk 
factors associated with AMI.  
 
Funding And Policy Aspects 
 
As India is a developing country, and the incidence 
of AMI is increasing day by day, more research 
fund and resources are to be sanctioned at national 
level to carry out such studies. 
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