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Abstract: Oxidative stress is prerequisite for the development
of atherosclerosis. Apart from the traditional risk factors that
contribute to this devastating condition, in the past few
decades, much attention has been focused on plasma total
homocysteine mainly because of its strong association with
coronary artery disease. It has been suggested that
homocysteine induces oxidative stress and hence the present
work was undertaken to assess the total homocysteine
status and plasma total antioxidant capacity in the acute
myocardial infarction (AMI) patients among Tamil population.
The study subjects included only the Tamil population. Blood
samples were collected from 100 AMI patients and 100
controls. Plasma was separated and the total antioxidant
status was assessed as a measure of ferric reducing power
of antioxidants using spectrophotometric method. Plasma
total homocysteine concentrations were assessed by
automated chemiluminescence method. While Total
antioxidant status was significantly decreased, the plasma
homocysteine concentrations were elevated in AMI patients
compared to the controls. However, there was no correlation
between the homocysteine levels and total antioxidant
status. The findings of this study may have therapeutic
implications, including food sources rich in antioxidants for
all AMI patients to minimize the effect of free radicals formed
during oxidative stress among Tamil population.
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Oxidative stress is the major cause of several diseases
including cardiovascular disease, cancer, diabetes and
neurodegenerative pathologies (Ozben, 2003). It refers to
an unfavourable imbalance between potentially harmful
oxidants and protective antioxidants. The harmful oxidants
include reactive oxygen species (ROS) such as superoxide
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(Oy) hydrogen peroxide (H,0,) and potent hydroxyl free
radical (OH") (Waring, 2001). Oxidative stress is prerequisite
for the development of atherosclerosis. Apart from the
traditional risk factors that contribute to this devastating
condition, in the past few decades, much attention has been
focused on plasma total homocysteine mainly because of its
strong association with coronary artery disease. McCully
(1969) first proposed the homocysteine theory of athero-
sclerosis that moderately elevated total homocysteine may
be a cardiovascular risk factor in the general population.

Homocysteine is a strong oxidant and its oxidation
products (H,0,, 0,7, ROS) are toxic and may directly alter
vascular cell function. Homocysteine may cause vascular
damage due to the chemical characteristics of its thiol group
(R-SH). Sulfur has lower electronegativity than oxygen.
Therefore, the energy needed to release sulfur from hydrogen
of the thiol group is relatively low, which makes this group
more acidic (R-S7) and highly reactive (Aleman et al., 2001).

Homocysteine undergoes auto-oxidation, forming H,O,
in the presence of copper or ceruloplasmin. H,O, generated
from homocysteine can lyse cultured endothelial cells, and
this process can be prevented by the antioxidant enzyme
catalase (Starkebaum and Harlan, 1993).

In addition to increased generation of peroxide and
superoxide radicals, homocysteine has recently been shown
to inhibit intracellular antioxidant enzymes, including
glutathione peroxidase, thus decreasing the cell’s ability to
neutralize oxidant radicals (Upchurch et al., 1997, Outinen
et al., 1998). Homocysteine also decreases the intracellular
glutathione, which is an endogenous anti-oxidant (Hultberg
et al., 1997).

Previous studies conducted among Tamilians indicated
that hyperhomocysteinemia is more prevalent in AMI patients
(Angeline er al., 2005; 2007). As homocysteine induces
oxidative stress, the present work was further undertaken to
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assess the plasma total antioxidant capacity in the study
subjects.

MATERIALS AND METHODS

Venous blood samples were drawn within 24 h after the
onset of AMI from 100 hospitalized patients with the
diagnosis of AMI episode. One hundred age-matched
healthy male control subjects without any cardiovascular
risk factors and normal coronary arteries, as examined by
ECG, were also included. A detailed clinical history was
sought from each patient. Information on their smoking
habits, alcohol intake, consumption of drugs and vitamins
and major risk factors of coronary heart disease, i.c.
hypertension, diabetes, hypercholesterolemia, obesity and
family history of coronary artery disease was gathered.
Only individuals without any of the major conventional risk
factors were included for the study. The inclusion criteria
for all study participants required that they should have no
cardiovascular risk factors. The objective of the study was
described and informed consent was obtained. Ethical
clearance was obtained from the hospital ethical committee.

Venous blood was collected from study participants after
ovemight fasting (>10 h). Plasma homocysteine concentrations
were assessed by automated chemiluminescence immunoassay
manufactured by Bayer on an ACS Centaur, as previously
mentioned (Angeline ef al., 2007). Blood plasma was
separated and the total antioxidant status was assessed as a
measure of ferric reducing power of antioxidants using
spectrophotometric method (Benzie and Strain, 1999).

Mean values and standard deviations were calculated for
every variable in each group and were compared between
AMI patients and controls. Student’s t test was used to test
the significance. Correlations were assessed by Pearson
correlation coefficient.

RESULTS

The mean level of plasma total antioxidant capacity
(FRAP) was found to be decreased in AMI patients when
compared to the age-matched healthy controls (314.48 +
122.59 uM/L vs. 932.25 + 231.07 uM/L). The student t-test
analysis of plasma total antioxidant capacity in AMI
patients and healthy controls showed high significance
(p <0.001; Table 1). There was a high frequency of subjects
with pathologically decreased plasma total antioxidant
capacity among patients (72/100), whereas this condition
was completely absent in the control subjects. The plasma
antioxidant capacity was also not correlated to the
concentration of tHey in both AMI patients and controls.
The mean plasma homocysteine concentrations in AMI
patients and controls were 32.35+ 10.3 uM/L and 13.62 +
3.56 pM/L, respectively (Table 1, Fig. 1). Hyperhomo-

Table 1. Level of Total Homocysteine and Total Antioxidants Among
The Study Subjects

AMI patients Controls
Parameters
Mean + SD Mean + SD
Homocysteine (umol/L) 32.35+£103 1362 +3.56

FRAP (umoliL) 314.48 £ 122.59 94714 + 241.42
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Fig. 1. Scatter diagrams showing the absence of correlation between
tHey and Tas (frap value) in AMI patients (a) and controls (b).

cysteinemia occurred in 94% of AMI cases compared to
40% of the control group. The ‘t’-test showed that
homocysteine concentrations were significantly higher in
the patient group than in control subjects (p < 0.01).

When plasma total antioxidant capacity was considered
with respect to tHey concentrations, the plasma antioxidant
capacity in AMI patients with normal tHcy status was
305.35+ 164.41 umol/L. among AMI patients and 947.14
+ 241.42 pmol/L among healthy individuals. In individuals
with hyperhomocysteinemia, the plasma total antioxidant
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capacity was 315.06 = 120.58 umol/L. in AMI patients and
909.91 + 215.66 umol/L. among controls. There was also
no significant correlation between homocysteine and total
antioxidant status between AMI patients and controls (r =
0.0315 and —0.0856 respectively; p > 0.05) (Fig. 1).

DISCUSSION

Oxidative stress was evaluated by measuring the total
antioxidant status. The present study suggests that patients
with AMI are under more oxidative stress than the healthy
individuals. The plasma total antioxidant capacity was
found to be decreased in AMI patients, when compared to
the age-matched healthy controls. Another study conducted
on North Indian AMI patients reported a significant
decrease in plasma total antioxidant capacity (1562 + 529
pmol/L) compared to controls (2082 + 448 umol/L). When
compared to the total antioxidant status among North
Indian men, South Indian patients in the present study have
a decreased baseline plasma total antioxidant capacity.
However, the total number of cases (N =17) included in
their study is a limiting factor (Srivastava et al., 2003).

Puri ef al (2003) obtained similar results in North Indian
population. The tHcy concentration in the control group of
their study matches that of the present study. The tHey in
CAD patients (27 = 13.11 umol/L) was also comparable to
that obtained from AMI patients in this study (32.35+
10.39 umol/L). Another recent study conducted in North
India by Abraham er al., (2006), reported a significant
increase in the tHcy level among coronary artery disease
patients (22.81 + 13.9 pmol/L)) compared to controls (7.77
+7.3 umol/L).

Some studies suggested that homocysteine is also involved
in generating oxygen free radicals thereby causing oxidative
stress. Hence, it will be more appropriate to identify those
individuals with reduced antioxidant protection, because
they must be more susceptible to free radical mediated
diseases including coronary artery disease. Increased
cardiovascular risk is often associated with reduction in
circulating antioxidants although this may result from
consumption in the presence of increased oxidant activity
(Waring, 2001). Thus homocysteine-induced oxidative
stress may also be responsible for the decrease in plasma
total antioxidant capacity in AMI patients.

Srivastava (2003) suggested that patients with coronary
heart disease are under more oxidative stress than healthy
individuals. In cardiovascular disease, oxidants can contribute
to the causative pathology as well as perpetuate further
damage. An efficient antioxidant status was suggested to
prevent the oxidation of low density lipoprotein. This
oxidation has been hypothesized to be an initiating step in the

development of heart and vessel disease (Srivastava, 2003).

The reason for the absence of correlation between
homocysteine and total antioxidant status between AMI
patients and controls may be because the extent of oxidative
stress might depend on individual’s health conditions and
other unmeasured nutritional factors including vitamin
status, which may be responsible for hyperhomocysteinemia.

Homocysteine may decrease the bioavailability of NO
by forming S-nitroso-Hey. The initial response to elevated
Hcy appears to be stimulation of intracellular production of
glutathione, nitric oxide or S-nitroso-Hcy. However, prolonged
elevation of Hcy leads to saturation of the scavenging
potential of glutathione and nitric oxide. This produces
toxic effect of Hey by increased formation of ROS
(Nygard, 1999).

Hcy alters endothelial and smooth muscle cell function
by generating reactive oxygen species. The resulting increase
in oxidative stress diminishes the antioxidative capacity,
which increases the risk for atherosclerotic vessel diseases
(Herrmann, 2001).

Vanden Berg et al., (1995) demonstrated an impaired
endothelial anticoagulant function in young patients with
hyperhomocysteinemia and peripheral vascular disease.
Nappo et al., (1999) evaluated the effect of acute hyper-
homocysteinemia with and without antioxidant vitamin
pretreatment on cardiovascular risk factors and endothelial
functions. Their results suggested that mild to moderate
elevations of plasma homocysteine levels in healthy subjects
activate coagulation, and modify the adhesive properties of
endothelium. Pretreatment with the antioxidants vitamin E
and ascorbic acid blocks the effects of hyperhomocysteinemia,
suggesting an oxidative mechanism. Rauma and Mykkanen
(2000) recommended evaluation of the total antioxidant
capacity rather than the status of a single antioxidant,
because their study reported that measurements of antioxidant
status in vegetarians showed that a vegetarian diet maintains a
high antioxidant vitamin status (vitamins C and E, B-
carotene) but a variable antioxidant trace element status
compared with omnivorous diet (19).

The reduced antioxidant status may occur not only
because of oxidative stress due to diseased conditions or
hyperhomocysteinemia, but also due to decreased intake or
absorption of dietary antioxidants and due to low intake. In
case of hyperhomocysteinemia, vitamin B supplementation
may protect from further oxidative stress (Angeline et al.,
2007). Similarly, supplementing antioxidants such as
vitamins E and C, Beta carotene, vitamin A, and selenium
may minimize further complications of AMI and enhance
health promoting effects. The findings of this study may
have therapeutic implications, including food sources rich
in antioxidants for all AMI patients.
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