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ORIGINAL ARTICLE
Erythrocyte Lipid Peroxidation, Glutathione, Ascorbic Acid,
Vitamin E, Antioxidant Enzymes And Serum Homocysteine
Levels In Patients With Coronary Artery Disease
VISHNU PRIYA V * , SURAPANENI K M**

ABSTRACT
Background: Coronary Artery Disease 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 Coronary Artery Disease is still not clear. To add a new insight to the
question, changes in erythrocyte lipid peroxidation products (MDA), glutathione (GSH),
ascorbic acid and plasma vitamin E, and activities of antioxidant enzymes like super oxide
dismutase (SOD), glutathione peroxidase (GPX), catalase in erythrocytes, plasma
glutathione – S – transferase (GST) and serum homocysteine levels were measured in
patients with Coronary Artery Disease.
Aim: This work was undertaken to assess oxidative stress and antioxidant status in
patients with Coronary Artery Disease and its contribution to the risk of cardiovascular
disease.
Settings and Design: The study was conducted in sixty - five patients and the values were
compared to control values. Erythrocyte MDA, GSH, ascorbic acid, plasma vitamin E and
activities of antioxidant enzymes SOD, GPX, catalase in erythrocytes, plasma GST and
serum homocysteine were estimated in Coronary Artery Disease patients. These
parameters were measured in sixty - five patients and the values were compared to
control values.
Statistical Analysis: Statistical analysis between group 1 (controls) and group 2 (patients)
was performed by the Mann Whitney U test. The data was expressed as mean + SD. P <
0.05 was considered to be significant.
Results: It was observed that there was a significant increase in erythrocyte MDA levels,
SOD, GPX and plasma GST activities, and a significant decrease in erythrocyte GSH,
ascorbic acid, plasma vitamin E levels and catalase activity in patients with Coronary
Artery Disease when compared to controls. Serum homocysteine levels were significantly
higher in Coronary Artery Disease patients than in the controls.
Conclusions: The results of our study suggest higher oxygen free radical production which
is evidenced by increased MDA and decreased GSH, ascorbic acid, vitamin E and Catalase
activity 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, in addition to
known risk factors such as insulin resistance, hypertension, central obesity, and
dyslipidaemia. The increased activities of antioxidant enzymes may be a compensatory
regulation in response to increased oxidative stress.
Key Words: Malondialdehyde,homocysteine, oxidative stress, antioxidants, cardiovascular
risk,coronary artery disease.
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Introduction
Coronary Artery Disease is the major cause of
mortality and morbidity worldwide [1]. It is
associated with various risk factors such as age
group (41 – 60 years), male gender, smoking
habit and hypertension. 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
[2]. The uncontrolled production of free
radicals is considered as an important factor in
the tissue damage induced by several
pathophysiologies [3]. 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. Alteration
in the oxidant - antioxidant profile is known to
occur in Coronary Artery Disease [4].
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 mechanisms
would play a role in the form of antioxidants
and try to minimize the damage, adapting
themselves to the above stressful situation.
Antioxidants are compounds that dispose,
scavenge, and suppress the formation of free
radicals or oppose their actions [5], 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 (6). They exist in
both the aqueous and membrane compartment
of cells, and can be enzymes or non-enzymes.
The traditional risk factors of coronary artery
disease include age, sex, dyslipidaemia, blood
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pressure and smoking. A continued focus on
newer risk factors is warranted, as they may
further improve our ability to predict future
risk and determine treatment when they are
included with classic risk factors [7]. The
study of these risk factors is important, since
the ability to accurately predict the risk of
coronary artery disease of a specific individual
based on his or her conventional risk factor
profile, is limited [8]. One of these newer risk
factors is homocysteine. Elevated serum
homocysteine may be an important cause for
atherosclerosis formation [9]. So, the present
study was undertaken to assess oxidative stress
and antioxidant status in patients with
Coronary Artery Disease, and their
contribution to the risk of cardiovascular
disease.
In the present study, the following parameters
were assessed in the erythrocytes and plasma
to elucidate the oxidant-antioxidant status in
patients with Coronary artery disease.
Erythrocyte malondialdehyde (MDA) levels
were measured as thiobarbituric acid reacting
substances (TBARS), which serve as an index
of extent of lipid peroxidation. Erythrocyte
glutathione (GSH), ascorbic acid and plasma
vitamin E serve as non enzymatic antioxidant
parameters. The activities of antioxidant
enzymes, superoxide dismutase (SOD),
catalase, glutathione peroxidase (GPX) in
erythrocytes, glutathione-S -transferase (GST)
in plasma and serum homocysteine levels were
estimated. GST is an enzyme involved in
antioxidant defense, and is also involved in
detoxication. The present work is an attempt to
determine alteration in oxidant – antioxidant
status and its contribution to the risk of
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cardiovascular disease in Coronary Artery
Disease patients.

Materials And Methods
Sixty - Five clinically diagnosed patients of
acute myocardial infarction, admitted to the
Intensive Cardiac Care Unit (ICCU), were
chosen for the study. The patients were
randomly selected, and had come for cardiac
evaluation during September 2006 and
December 2007. An equal number of age and
sex matched healthy subjects with a similar
socio economic status was also investigated.
The females of the study group were matched
with females of the control group.

Diagnostic Criteria Of Patients
The diagnosis of Acute MI was based on the
WHO criteria, which required the presence of
at least 2 of the following three elements: i)
Ischaemic type of chest pain ii) changes on
serial ECG tracings iii) Increase in serum
cardiac marker (CKMB) [10].
Exclusion Criteria
The patients with associated renal failure, liver
disease, lung disease, pregnancy, thyroid
disease, gastro-intestinal disease and those
taking methotrexate, carbamazepine or
phenytoin, that could alter the required
parameters, were excluded from the study. No
patient had sustained myocardial infarction
within 6 months before taking part in the
study. Written consents were also taken from
the patients prior to the study, and the
objectives of the study were fully explained.
There were two study groups. The controls
and patients were divided into two groups.
Group 1: Sixty - Five healthy age and sex
matched controls.
Group 2: Sixty - Five patients with clinically
diagnosed coronary artery disease.
Blood samples drawn from all the subjects
within an hour of admission were processed
for the cardiac enzymes (CK, CK-MB, LDH).
The heparinised venous blood samples
obtained under asceptic conditions from these
subjects in the fasting state (after overnight
fasting), were used for the analysis of
homocysteine. Plasma was separated by
centrifugation at 1,000 g for 15 minutes.
Separated plasma was used for the estimation
of vitamin E, and for the measurement of the
activity of GST. All the cases were subjected
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to routine investigations like haematocrit,
urine analysis and blood chemistry
(electrolytes, lipids, blood glucose, urea and
creatinine). Elevated serum cholesterol and
triglycerides along with low HDL levels, is
observed in these patients. The buffy coat was
removed, and the packed cells were washed
three times with physiological saline. The
erythrocyte suspension was prepared by the
method of Dodge et al. [11], modified by Quist
[12]. The packed cells were used for the
analysis of GSH, ascorbic acid, MDA, SOD,
Catalase and GPX. Erythrocyte GSH was
estimated by the method of Beutler et al [13],
using Di Thio Bis Nitro Benzoic acid (DTNB).
Ascorbic acid levels were estimated by the
method of Tietz [14]. Plasma vitamin E levels
were estimated by the method of Baker H et al
[15]. MDA was determined as the measure of
TBARS [16]. SOD (EC 1.15.1.1) activity was
determined in the haemolysate by the method
of Misra and Fridovich, based on the
inhibition of auto oxidation of epinephrine to
adenochrome at Ph 10.2 [17]. Catalase (EC
1.11.1.6) activity was measured by the method
of Beers and Sizer [18]. The activity of
Glutathione Peroxidase (GPX, EC 1.11.1.9)
was measured as described by Paglia and
Valentine [19] in erythrocytes, and activity of
GST (EC 2.5.1.18) was measured by using 1Chloro-2, 4-Dinitro Benzene (CDNB) [20].
Homocysteine was measured using a solid
phase immunoassay system, which measures
total homocysteine in plasma or serum using a
BioRad kit [21].

Chemicals
All reagents used, were of analytical reagent
grade. DTNB, CDNB and Thio Barbituric
Acid were obtained from Sigma Chemicals,
St.Louis; MO.

Statistical Analysis
The statistical analysis between group 1
(controls) and group 2 (patients) was
performed by the Mann Whitney U test. The
data was expressed as mean + SD. P < 0.05
was considered as significant.

Results
The basic characteristics of the coronary artery
disease patients and controls are given in
[Table/Fig 1].

Journal of Clinical and Diagnostic Research. 2008Dec;(2)1180-1185

Vishnu Priya V, Surapaneni K M.Erythrocyte Lipid Peroxidation

Discussion

The mean + SD of erythrocyte GSH, ascorbic
acid, MDA, SOD, Catalase, GPx , plasma
vitamin E, plasma GST and serum
homocysteine in patients with coronary artery
disease and controls are indicated in
[Table/Fig 2].

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 poly unsaturated fatty acids,
which is used as an index of oxidative damage
[22]. The rise in MDA concentration indicates
increased membrane lipid peroxidation,
characterized by hyperlipidaemia, specifically
hypercholesterolaemia, in these patients. Rise
in 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 [4].
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
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 [23].

There was a statistically significant increase in
the erythrocyte MDA and serum homocysteine
levels in patients with Coronary Artery
Disease, as compared to controls. The
activities of erythrocyte antioxidant enzymes,
SOD, GPX and plasma GST were significantly
increased in group 2 (study subjects) as
compared to group1 (controls). The levels of
erythrocyte GSH, ascorbic acid, plasma
vitamin E and catalase activity were
significantly decreased in patients with
Coronary Artery Disease as compared to
controls.
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In our study, the activities of erythrocyte
antioxidant enzymes i.e. SOD and GP, have
been increased 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. The overexpression of SOD
might be an adaptive response, and it results in
increased dismutation of superoxide to
hydrogen peroxide. There is an enhanced
production of super oxide anions by ischaemic
cells. In contrast to our study, decreased
concentrations of SOD in the haemolysate of
these patients, was reported [4]. GPX, an
oxidative stress inducible enzyme, plays a
significant role in the peroxyl scavenging
mechanism, and in maintaining functional
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integration of the cell membranes. The rise in
the activity of GPX could be due to its
induction to counter the effect of increased
oxidative stress.
The Glutathione – S – Transferase is a group
of multifunctional proteins, which plays a
central role in detoxification of electrophilic
chemicals and the hepatic removal of
potentially harmful hydrophobic compounds
from blood [24]. We have observed a
significant increase in the GST activity in
patients with Coronary Artery Disease, as
compared to controls. The rise in the activity
of GST could be due to its induction to counter
the effect against increased oxidative stress.
In the present study, we have observed a
significant decrease in the activity of catalase
in patients with coronary artery disease, as
compared to controls. Catalase is the enzyme
which protects the cells from the accumulation
of hydrogen peroxide by dismutating it to form
water and oxygen, or by using it as an oxidant
in which it works as a peroxidase.
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 by
which several reactive oxygen species and
hydroperoxides were produced, and initiates
lipid peroxidation which is responsible for
endothelial injury [25]. Similar reports of
increased levels of homocysteine in coronary
artery disease were reported [26].

Conclusion
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 catalase
activity, suggesting the incidence of oxidative
stress in coronary artery disease. The increased
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
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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.

Acknowledgements
This work was presented as a poster
presentation at the 20th International Congress
of Clinical Chemistry and Laboratory
Medicine, 35th Brazilian Congress of Clinical
Analysis and 8th Brazilian Congress of Clinical
Cytology (20th International Federation of
Clinical Chemistry – World Lab 2008) at
Ceara Convention Centre, Fortaleza/CE –
Brazil.

References

[1]. Reddy KS. Cardiovascular disease in India.
World Health Stat Q. 1993; 46: 101 – 07.
[2]. Tas F, Hansel H, Belce A, Ilvan S, argon A,
Camlica H, Topuz E. “Oxidative stress in
ovarian cancer”, Med. Oncol. 2005; 22(1): 1115.
[3]. Yeh CC, Hou MF, Tsai SM, Lin SK, Hsiao JK,
Huang JC, Wang LH, Wu SH, Hou LA, Ma H,
Tsai LY, “Superoxide anion radical, lipid
peroxides and antioxidant status in the blood
of patients with ovarian cancer”, Clin Chim
Acta. 2005; Nov, 381(1-2):104 –11.
[4]. Kaur K., Bedi G., Kaur M., Anil Vij and Kaur I.
Lipid peroxidation and the levels of
antioxidant enzymes in coronary artery
disease. Indian J Clin Biochem. 2008; 23 (1):
33 – 37.
[5]. Sie H. “Oxidative stress: from basic research
to clinical application”, Am J Med. 1988; 9:
31-38.
[6]. Cotgreave I, Moldeus P, Orrenius S. “Host
biochemical defense mechanisms against
prooxidants”, Annu Rev Pharmacol Toxicol.
1988; 28: 189-212.
[7]. Harish Rao B, V Govind Raju and C N
Manjunath. Risk prediction – homocysteine in
coronary heart disease. Indian J Clin Biochem.
2007; 22 (1): 18 – 21.
[8]. Iftikar J K, Christie M B. Conditional risk
factors for atherosclerosis. Mayo Clin Proc.
2005; 80 (2): 219 – 30.
[9]. J C Fruchart, M C Nierman, ESG Stoes, JJP
Kastelein, P Duriez. New risk factors for
atherosclerosis and patient risk assessment.
Circulation. 2004; 109 (Suppl III): III 15 – 9.
[10].
Elliot M, Braunwald E. Acute myocardial
infarction. In: Braunwald E, Ziper DP, Libby P,
Ponow RO, editors. Braunwald Zipes Libby
Heart Disease. Atextbook of cardiovascular
Medicine, 6th Edition. WB Saunders Company.
2001; 1114 – 1231.

Journal of Clinical and Diagnostic Research. 2008Dec;(2)1180-1185

Vishnu Priya V, Surapaneni K M.Erythrocyte Lipid Peroxidation
[11].
Dodge J F, Mitchell G, and Hanahan D J,
“The
preparation
and
chemical
characterization of hemoglobin free ghosts of
human red blood cells”, Arch. Biochem.
Biophys. 1968;110: 119-30.
[12].
Quist E H. “Regulation of erythrocyte
membrane shape by calcium ion”, Biochem
Biophys Res Commun, 1980; 92: 631-37.
[13].
Beutler E, Duron O, and Kelly BM.
“Improved method for the determination of
blood glutathione”, J. Lab. Clin. Med. 1963;
61:.882-88.
[14].
Tietz, N W. “In; Text book of clinical
chemistry, Edited by N W Tietz, W B Saunders
company, Philadelphia, London, Toronto”,
1986; 960-62.
[15].
Baker H, Frank D, and Winley N C.
“Clinical Vitaminology”, 1968; 772.
[16].
Jain, S.K., Mcvie, R., Duett, J. and
Herbst, J.J. “Erythrocyte membrane lipid
peroxidation and glycosylated hemoglobin in
diabetes”, Diabetes, 1989; 38: 1539-42.
[17].
Misra, HP and Fridovich, I. “The role of
super oxide anion in the auto oxidation of
epinephrine and a simple assay for super oxide
dismutase”, J.Biol.Chem, 1972; 247: 31703175.
[18].
Beers, R.F. AND Sizer, I.W. “A
spectrophotometric method for measuring the
breakdown
of
hydrogen
peroxide
by
Catalase”, J.Biol.Chem, 1952; 195: 133-140.
[19].
Paglia, D.E. AND Valentine, W N. “Studies
on
the
quantitative
and
qualitative
characterization of erythrocyte glutathione
peroxidase”, J.Lab.Clin.Med, 1967; 70: 15859.
[20].
Warholm, M., Guthenberg, C., Christer
von Bahr and Mannervik, B. “Glutathione
transferases from human liver. In: Methods of
enzymology, Alton Melster (Ed.)”, Academic
Press, 1985; 113: 500-01.
[21].
Homocysteine estimation by enzyme
immuno assay. BIORAD-(Company Manual).
[22].
Cavalca V, Cighetti G, Bamonti F, Loaldi
A, Bortone L, Novembrino C, et al. Oxidative
stress and homocysteine in coronary artery
disease. Clin Chem. 2001; 47 (5): 887 – 92.
[23].
Handan AK, Nevbahar T, Habyf S,
Dyngyloglo TN, Kultursay H, Bayinder O et al.
Plasma lipid peroxides, vitamin E, Superoxide
dismutase and glutathione alterations in
coronary artery atherosclerosis. Turk J Med
Sci. 1996; 26: 11 – 15.
[24].
Smith GJ, Ohl VS, Litwack G. Ligandin.
“The Glutathione – S – Transferases, and
chemically induced hepato carcinogenesis”, A
review, Cancer Res. 1977; 37: 8-14.
[25].
Seshadri N, Robinson K. Homocysteine B
vitamin and coronary artery disease. Med.
Clin. North America. 2000; 84: 215 – 37.
[26]. R Abraham, M Joseph John, R Calton, J
Dhanoa. Raised serum homocysteine levels
patients with coronary artery disease and the
effect of vitamin B12 and folate on its
ssconcentration. Indian J Clin Biochem. 2006;
21 (1): 95 – 100.

1185

Journal of Clinical and Diagnostic Research. 2008Dec;(2)1180-1185

