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1. Introduction

Coronary Artery Disease is the major cause of mortality and 
morbidity worldwide [1]. The most common cause of an AMI is 
atherosclerotic coronary artery disease (CAD) with erosion or 
rupture of a plaque causing transient, partial or complete arterial 
occlusion. Heart cannot continue to function without adequate 
blood flow, and if it is severely compromised, death is inevitable. 
Several risk factors for coronary heart disease have been well 
documented, including hypertension, hyperlipidemia, diabetes, a 
positive family story, smoking, obesity and inactivity [2]. Lipid 

peroxidation, which is mediated by free radicals, is considered to 
be the major mechanism of cell membrane destruction and cell 
damage. Free radicals are formed in both physiological and 
pathological conditions in mammalian tissues [3]. The 
uncontrolled production of free radicals is considered as an 
important factor in the tissue damage induced by several 
pathophysiologies. The effects of lipid peroxides i.e. endothelial 
cell damage, uncontrolled lipid uptake, decreased prostaglandin 
synthesis and associated thrombogenecity, are strongly implicated 
in the pathogenesis of atherosclerosis [4,5].

 Alteration in the oxidant - antioxidant profile is known to occur 
in Coronary Artery Disease. Oxidative stress due to damage, 
brought about by free radicals, is also known to influence the 
response of these patients to therapy. Moreover, the body's defense 
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Coronary Artery Disease (CAD) is the major cause of mortality and morbidity worldwide. It is 
associated with various risk factors such as age group (41  60 years), male gender, smoking 
habit and hypertension. The exact pro-oxidant and antioxidant status in patients with CAD is 
still not clear. This work was undertaken to assess oxidative stress and antioxidant status in 
patients with CAD and its contribution to the risk of cardiovascular disease. The study 
population contained 100 subjects divided in two groups, 50 patients with CAD and equal 
number of age and sex matched healthy subjects were investigated. Lipid peroxidation as 
evidenced by thiobarbutric acid reactive substances (TBARS) and the status of enzymatic 
(superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), reduced 
glutathione (GSH), vitamins (vitamin A, E and C), cardiac markers like CK-MB, C-reactive 
protein (CRP) and homocysteine were determined.  The level of plasma and erythrocyte 
TBARS was markedly increased in the CAD patients when compared to control subjects. The 
level of enzymic and non-enzymic antioxidant states was significantly decreased in CAD 
patients when compared to control subjects. CAD is associated with greater than normal lipid 
peroxidation and with an imbalance in antioxidants' status. The level of serum homocysteine 
and CRP were significantly higher in CAD patients than in the controls.The results of our study 
suggest higher oxygen free radical production, which is evidenced by increased lipid 
peroxidation and decreased antioxidant states and support to the oxidative stress in coronary 
artery disease. Increased homocysteine levels and decreased antioxidant capacity may 
contribute to the increased risk of cardiovascular disease in patients with coronary artery 
disease. The increased activities of antioxidant enzymes may be a compensatory regulation in 
response to decreased oxidative stress.
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mechanisms would play a role in the form of antioxidants and try 
to minimize the damage, adapting them selves to the above 
stressful situation. Antioxidants are compounds that dispose, 
scavenge, and suppress the formation of free radicals or oppose 
their actions, and two main categories of antioxidants are those 
whose role is to prevent the generation of free radicals and those 
that intercept any free radicals that are generated [5,6].

The population consisted of 100 male subjects divided into 
two groups, 50 subjects (mean age 45 - 60 years) had evidence of 
AMI. The other 50 subjects age and sex matched healthy subjects 
were studied as controls. All patients had been admitted to the 
Coronary Care Units (CCU) of K.G. Hospital and Postgraduate 
Medical Institute, Coimbatore, Tamil Nadu, India. The diagnosis of 
AMI was based on a history of prolonged ischemic chest pain, 
characteristic electrocardiogram (ECG) changes and elevated 
creatine kinase isoenzyme MB (CK-MB) and troponin T within 12 
h after the onset of pain.
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controls) was taking antioxidant or vitamin supplements, 
probucol, allopurinol, quinidine, disopyramide, or other drugs 
known as affecting serum lipid peroxidation and antioxidant 
values. Oral consent was obtained from the patients' relatives and 
normal subjects, prior to study. 

Blood samples were collected by venous puncture in 
heparinized tubes and the plasma was separated by 
centrifugation at 1000 g for 15 min. After the collection of plasma, 
the buffy coat was removed and the packed cells were washed 
thrice with cold physiological saline.  A known volume of the 
erythrocytes was lysed with hypotonic phosphate buffer  (pH 7.4). 
The hemolysate was separated by centrifugation at 2,500 g for 10 
min at 2°C. 

Determination of lipid profile, homocysteine and CRP was 
measured by Architect c 8000 instrument (Abbott Diagnostics, 
Abbott Park, USA). 

Lipid peroxides were estimated by measurement of 
thiobarbituric acid reactive substances (TBARS) in plasma by the 
method of Yagi [10] and in erythrocytes by the method of Donnan 
[11]. The pink chromogen produced by the reaction of 
thiobarbituric acid with malondialdehyde, a secondary product of 
lipid peroxidation was estimated. The absorbance of clear 
supernatant was measured against reference blank at 535 nm. 
Results were expressed as nmol/ml for plasma and pmol/mg Hb 
for erythrocytes.

SOD was assayed utilizing the technique of Kakkar et al [12] 
based on inhibition of the formation of nicotinamide adenine 
dinucleotide, phenazine methosulfate and amino blue tetrazolium 
formazan. A single unit of enzyme was expressed as 50% 
inhibition of NBT (Nitroblue tetrazolium) reduction/min/mg Hb. 
CAT was assayed colorimetrically at 620 nm and expressed as 
ìmol of H2O2 consumed/min/mg Hb as described by Sinha [13]. 
The reaction mixture (1.5 ml) contained 1.0 ml of 0.01 M pH 7.0-
phosphate buffer, 0.1 ml of hemolysate and 0.4 ml of 2 M H2O2. The 
reaction was stopped by the addition of 2.0 ml of dichromate-
acetic acid reagent (5% potassium dichromate and glacial acetic 
acid were mixed in 1:3 ratio).

GSH content was determined by the method of Ellman [14]. 
1.0 ml of plasma was treated with 0.5 ml of Ellmans reagent (19.8 
mg of 5,5'-dithiobisnitro benzoic acid (DTNB) in 100 ml of 0.1% 
sodium nitrate) and 3.0 ml of phosphate buffer (0.2 M, pH 8.0). The 
absorbance was read at 412 nm. 

GPx activity was measured by the method described by 
Rotruck et al [15] with modifications. Briefly, reaction mixture 
contained 0.2 ml of 0.4 M Tris-HCl buffer pH 7.0, 0.1 ml of 10 mM 
sodium azide, 0.2 ml of hemolysate, 0.2 ml glutathione and, 0.1 ml 
of 0.2 mM hydrogen peroxide. The contents were incubated at 
37°C for 10 min. The reaction was arrested by 0.4 ml of 10% TCA, 
and centrifuged. The supernatant was assayed for glutathione 
content by using Ellmans reagent. GPx activity was expressed as 
µmoles of GSH consumed/min/g Hb. 

2.2. Blood collection and erythrocyte lysate preparation

2.3. Estimation cardiac biomarkers 

2.4. Estimation of lipid peroxidation       

2.5. Assay of superoxide dismutase (SOD) and catalase (CAT) 

2.6. Estimation of reduced glutathione (GSH)

2.7. Assay of glutathione peroxidase (GPx) 

2. Materials and Methods

2.1. Study population

Free radicals are highly reactive molecules generated by 
biochemical redox reactions that occur as a part of normal cell 
metabolism. The human body has an inherent synergistic and 
multilevel defense mechanism, which comprise of two major 
classes of cellular protection against ROS [7]. Free radical 
scavenger enzymes namely SOD, CAT and GPx represent the 
enzymatic part. The non-enzymatic part includes a large number 
of natural and synthetic antioxidant compounds (GSH and 
vitamins) that have the ability to inhibit oxidative stress by 
scavenging the highly destructive free radicals (Halliwell, 1994). 
The deleterious effects of the free radicals are kept under check by 
a delicate balance between the rate of their production and the 
rate of their elimination by these defense systems. When there is 
an excessive addition of free radicals from exogenous sources 
added to the endogenous production, the available tissue defense 
system becomes overwhelmed resulting in oxidative damage to 
the tissues [8].

Hypertension was defined as a diastolic blood pressure=90 
mm Hg, systolic blood pressure=140 mm Hg, or self-reported use 
of an antihypertensive drug. Cardiovascular disease was 
diagnosed angiography, ECG, sintigraphy and effort test, or self-
reported use of a â-blocker, angiotensin I converting enzyme 
(ACE) inhibitor and/or diuretic drug. The patients who had total 
c h o l e s te ro l  l eve l  o f > 2 2 0  m g  / d L  o r  t r i g lyc e r i d e s  
concentration>200 mg/ dL, or receiving lipid lowering drugs were 
defined as having hyperlipidemia. Diabetes mellitus was 
diagnosed if the fasting plasma glucose concentration was=126 
mg /dL or if the patient was treated with insulin or oral 
h y p o g l y c e m i c  a g e n t s .  N o  s u b j e c t  ( p a t i e n t s  o r

The extent of ROS-induced oxidative damage can be 
exacerbated by a decreased efficiency of antioxidant defense 
mechanisms. In recent years, there has been a growing interest in 
studying the role of lipid peroxidation and antioxidant status in 
shock patients. There is evidence that antioxidants can protect 
against free radical production, which is responsible for 
reperfusion-induced damage and lipid peroxidation, and may 
thereby inhibit thrombosis, myocardial damage and arrhythmias 
during CAD. Although a population-based case control study 
showed an inverse association between antioxidant vitamins and 
CAD [9]. We assessed the extent of oxidative stress, the activities 
of enzymatic antioxidants and the concentrations of 
nonenzymatic antioxidants, pulse rate and blood pressure in 
patients with CAD with age-matched normal subjects.
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Plasma vitamin A (â-carotene) was estimated by the method 
of Bradle and Hombeck [16]. Proteins were precipitated with 
ethanol and the carotenes were extracted into light petroleum. The 
intensity of the yellow color due to carotene was read directly at 
450 nm using a violet filter. Vitamin E was measured by the method 
of Baker et al [17] on the basis of the reduction of ferric ions to 
ferrous ions by vitamin E (-tocopherol) and the formation of a red 
colored complex with 2.2'-dipyridyl at 520 nm. Vitamin C (ascorbic 
acid) was estimated by the method of Roe and Kuether [18].  This 
involves oxidation of ascorbic acid by copper followed by 
treatment with 2,4-dinitrophenylhydrazine that undergoes 
rearrangement to form a product with absorption maximum at 
520 nm. 

Demographic data of control and CAD subjects are shown in 
Table 1. The mean age limit was 47.5± 12.5 years in CAD patients 
and 43.7 ± 10.3 years in control subjects. The increased body mass 
index (BMI) in CAD patients (28.8 ± 4.2 kg/ m2) when compared to 
control subjects (23.2 ± 3.7 kg/ m2) was statistically significant. 
Blood Pressure systolic blood pressure was significantly high 
(p<0.05) in patients groups as compared with controls.

All data were expressed as mean ± SD. The statistical 
significance was evaluated by the Student't' test using Statistical 
Package for the Social Sciences (SPSS Cary, NC, USA) version 10.0.
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3. Results 

Table 1. Demographic and clinical characteristics of subjects

Values are given as mean ± S.D from 50 subjects in each group. 
CAD patients compared with control subjects. (**p<0.01, *p<0.05)

Age  (Mean ±S.D) years

Sex (Males%)

Body mass index

(Mean ± SD), kg/m2

Systolic blood pressure
(mm of Hg)

Diastolic blood pressure
(mm of Hg)

Risk factors, %

Hypertension  

Cardiovascular disease

Smoking status

Current smoker (%)

Ex-smoker (%)

Non-smoker (%)

Dietary habits

Olive oil (%)

Olive oil + margarine (%)

-

-

16[31]

10[20]

24[49]

13.5[29.5]

36.5[70.5]

32[76]

18[24]

32[63]

12[25]

6[12]

19[37.5]

31[62.5]

43.7 ± 10.3

50[100%]

23.2 ± 3.7

110 ± 9

83 ± 5

47.5 ± 12.5

50[100%]

28.8 ± 4.2**

142 ± 19*

98 ± 12*

2.8. Estimation of plasma vitamins 

2.9. Statistical analysis

Parameter Control subjects CAD patients 

Fasting Glucose (mg /dl)

Total cholesterol (mg/ dl)

Triglyceride  (mg/dl)

HDL-cholesterol  (mg /dl)

LDL-cholesterol  (mg /dl)

VLDL-cholesterol  (mg /dl)

CK (IU /L)

CK-MB (IU/ L)

CRP (mg /dl)

Homocysteine (µmol/l)

97.81  ± 7.03

154.20 ± 10.7

100.37 ± 12.18

Parameter Control subjects CAD patients 

The comparison of biochemical changes in control and CAD 
subjects are shown Table 2. As expected, the patients had 
significantly higher level of total cholesterol, triglyceride, LDL-
cholesterol and VLDL-cholesterol levels but lower HDL-
cholesterol levels than the healthy controls. The significantly

Table 2. Levels of serum lipids and cardiac markers in control and
CAD subjects

48.85 ± 5.37

73  ± 15.6

11.2 ±4.02

12.5 ± 2.8

0.58 ± 0.03

76.65 ± 9.84

27.70 ± 3.00

37.80 ± 7.15*

195  ± 12.1***

19.5 ±7.85***

29.5 ± 4.3***

1.98 ± 0.19***

100.24 ± 10.1NS

231.23 ± 21.8***

175.67 ± 10.25***

137.2 ± 10.9***

39.72 ± 7.40***

Values are given as mean ± S.D from 50 subjects in each group. 
CAD patients compared with control subjects.
(*p<0.05, ***p<0.001,NS-Not significant)

Table 3. The level of erythrocyte and plasma TBARS, SOD, CAT, 
GSH, GPx and vitamins in control subjects and CAD
patients.

Parameter Control subjects CAD patients 

TBARS (nmol/ml)

TBARS (pmol/mg Hb)

ASOD (U )

BCAT (U )

GSH (mg/dl)

CGPx (U )

Vitamin A (mg/dl)

Vitamin C (mg/dl)

Vitamin E (mg/dl)

83.2 ± 7.68

0.91 ± 0.090

1.13 ± 0.21

1.40 ± 0.30

2.76 ± 0.35

3.76 ± 0.71

4.99 ± 0.71

54.0 ± 9.01

12.01 ± 2.34

1.27 ± 0.15***

3.53 ± 0.85***

0.51 ± 0.076***

0.65 ± 0.21***

0.98 ± 0.19***

9.14 ± 1.84***

12.87 ± 3.52***

32.3 ± 7.90***

29.23 ±7.3***

The concentrations of plasma and erythrocyte, TBARS, GSH, 
vitamin C, vitamin E and â-carotene and the activities of SOD, CAT 
and GPx concentrations in erythrocyte are presented in Table 3. 
Lipid peroxidative markers plasma and erythrocyte TBARS were 
significantly higher in CAD patients as compared with normal 
subjects. The activities of erythrocyte antioxidants such as 
superoxide dismutase (SOD), catalase (CAT), glutathione 
peroxidase (GPx) and the plasma concentrations of GSH, vitamin 
C, vitamin E and â-carotene significantly decreased in patients 
with CAD as compared to normal subjects.

 increases in the level of CPK, CK-MB, CRP and homocysteine seen 
in CAD patients when compare to control subjects

Values are given as mean ± S.D from fifty subjects in each group.
CAD patients compared with control subjects. (***p<0.001)

A–One unit of activity was taken as the enzyme reaction,
 which gave 50% inhibition of NBT reduction/min/mg Hb.
B – ìmol of H O  consumed/min/mg Hb 2 2

C – µmol of GSH consumed/min/mg Hb.
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4. Discussion

Increased lipid peroxidation is thought to be a consequence of 

oxidative stress, which occurs when the dynamic balance between 

prooxidant and antioxidant mechanism is impaired. In CAD, the ATP 

is drastically reduced and is converted to hypoxanthine and then to 

uric acid by xanthine oxidase upon reperfusion. During this process, 

enormous amounts of superoxide radicals formed which can 

simulate Haber-Weiss reaction for further generation of ROS, 

initiating lipid peroxidation [19]. It has been suggested that 

increased lipid peroxides levels in blood of patients with CAD [20]. 

We observed that increased concentrations of MDA in the circulation 

of total CAD patients indicating increased lipid peroxidation. Our 

results are in accordance with previous reports [9]. 

Homocysteine has been recognized recently as a risk factor for 

vascular diseases. In our study, Serum Homocysteine levels were 

significantly increased in patients with CAD, as compared to 

controls. Increased serum homocysteine levels also lead to the 

formation of atherosclerotic plaques, which ultimately lead to 

myocardial infarction. The sulfhydryl groups in homocysteine were 

oxidized to disulfide, catalyzed by the transition metals which 

several reactive oxygen produced species and hydroperoxides, and 

initiates lipid peroxidation that is responsible for endothelial injury. 

Similar reports of increased levels of homocysteine in coronary 

artery disease were reported [28,29].

In the present study, the lipid peroxidation product i.e. MDA 

levels have been increased significantly in erythrocytes of the 

patients with Coronary Artery Disease as compared to controls. MDA 

is a decomposition product of autooxidation of polyunsaturated 

fatty acids, which is used as an index of oxidative damage [30]. The 

rise in MDA concentration indicates increased membrane lipid 

peroxidation, characterized by hyperlipidaemia, specifically 

hypercholesterolaemia, in these patients. Risein MDA could be due 

to increased generation of reactive oxygen species (ROS), due to the 

excessive oxidative damage generated in these patients. These 

oxygen species in turn, can oxidize many other important 

biomolecules including membrane lipids. Similar reports of elevated 

MDA levels have been reported in patients with coronary artery 

disease [5].

Antioxidants constitute the foremost defense system that limit 

the toxicity associated with free radicals. It is known that plasma 

antioxidant capacity decreases and oxidative/antioxidative balance 

shifts to the oxidative side in patients with CAD. A reason for 

increased lipid peroxidation in plasma of patients CAD may be a poor 

enzymatic and non-enzymatic antioxidant defense system. SOD 

along with CAT and GPx, the preventive antioxidants, plays a very 

important role in protection against lipid peroxidation. In this study, 

SOD, CAT and GPx activities were significantly lower CAD patients 

than in control subjects. Besides, decrease of SOD, CAT and GPx 

activity was much more pronounced in smokers than in non-

smokers with CAD, thus making those individuals more vulnerable 

to oxidative stress.

Free radical-scavenging enzymes such as SOD, CAT and GPx are 

the first line of cellular defense against oxidative injury, 
. _decomposing O  and H O  before interacting to form the more 2 2 2

reactive hydroxyl radical (SOH). These enzymes protect the red cells 
. _against O   and H O -mediated lipid peroxidation. We have observed 2 2 2

decreased activities of SOD and CAT in the erythrocyte in CAD 

patients [31,32]. Decrease in the activity of SOD and CAT could be 

due to inactivation of the enzymes by cross-linking or due to 

exhaustion of the enzymes by increased peroxidation.

We observed a significant decrease in the levels of erythrocyte 

glutathione (GSH), ascorbic acid and plasma vitamin E (non 

enzymatic antioxidant defense system) in patients with coronary 

artery disease, when compared to controls. The decrease in the

Cholesterol has been singled out as the primary factor in the 

development of atherosclerosis.  HDL is regarded as one of the most 

important protective factors against arteriosclerosis. HDL's 

protective function has been attributed to its active participation in 

the reverse transport of cholesterol. Numerous cohort studies and 

clinical trials have confirmed the association between a low HDL and 

an increased risk of coronary heart disease [21]. The concentration 

of LDL correlates positively whereas HDL correlates inversely to the 

development of coronary heart disease. Smokers have significantly 

higher serum cholesterol, triglyceride, and LDL levels, but HDL is 

lower in smokers than in non-smokers [22]. Evidence suggests that 

oxidatively modified LDL contribute to the pathogenesis of 

atherosclerosis. Increased oxidative stress and the generation of the 

free oxygen radicals can result in modification of LDL to oxidized LDL 

that could lead to atherosclerotic lesions [23]. CK and more 

particularly its isoenzyme CK-MB still have a formal place in defining 

myocardial infarction. These enzymes normally exist in cellular 

compartment and leak out into the plasma during myocardial injury 

due to disintegration of contractile elements and sarcoplasmic 

reticulum [2].  

Inflammation plays a role in the development of 

atherosclerosis and coronary heart disease [24]. Elevated markers of 

inflammation, in particular CRP, are associated with an increased 

risk of future cardiovascular events in healthy subjects, in patients 

with stable or unstable coronary artery disease and acute 

myocardial infarction [25]. Although the prognostic value of CRP in 

patients with CAD has not been tested in large studies, several data 

indicate that CRP is an important marker of risk also in this clinical 

setting [26]. CRP has been reported to be elevated during AMI [27]. 

In this study, we observed increased CRP levels in CAD patients as 

compared to healthy controls. Moreover, CRP concentrations in each 

patient group were found higher than the control group. We have 

observed highest concentrations of CRP in patient group. Elevated 

CRP levels were also observed in cardiovascular, hypertension 

group, respectively. Hypertension plus cardiovascular disease or 

hyperlipidemia seems to be responsible for the elevation of CRP 

levels. Hypertension, diabetes mellitus, older age, extension of 

necrosis area, previous CAD, and anterior site of CAD are considered 

among the most important features leading to heart failure during 

AMI. 
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levels of these non-enzymatic antioxidant parameters may be due 
to the increased turnover, for preventing oxidative damage in 
these patients, suggesting an increased defense against oxidant 
damage in coronary artery disease. Some other groups have also 
reported decreased GSH, Ascorbic acid and Vitamin E levels in 
patients with Coronary Artery Disease [33,34].

In our study, the activities of plasma and erythrocyte 

antioxidant enzymes have been decreased significantly in patients 

with coronary artery disease, as compared to controls. SOD is an 

important antioxidant enzyme having an antitoxic effect against 

super oxide anion. In contrast to our study, decreased 

concentrations of SOD in the haemolysate of these patients, was 

reported. GPX, an oxidative stress inducible enzyme, plays a 

significant role in the peroxyl scavenging mechanism, and in 

maintaining functional integration of the cell membranes. 

In Conclusion, Oxidative stress may be involved in coronary 

artery disease. The results of our study have shown higher oxygen 

free radical production and decreased antioxidant activity, 

suggesting the incidence of oxidative stress in coronary artery 

disease. The decreased activities of antioxidant enzymes may be a 

compensatory regulation in response to increased oxidative stress. 

Increased homocysteine levels and decreased antioxidant capacity 

may contribute to the increased risk of cardiovascular disease in 

patients with coronary artery disease, in addition to known risk 

factors such as age, sex, dyslipidaemia, blood pressure and 

smoking. So, treatment with antioxidants in the management of the 

coronary artery disease may be useful as secondary therapy to 

prevent oxidative damage.

5. Conclusion
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