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ABSTRACT: Oxidative stress and free radicals are known to have important roles in the development
of atherosclerosis, which is the underlying cause of acute coronary syndrome (ACS).
Malondialdehyde (MDA), a carbonile group produced during lipid peroxidation, is used widely in
determining oxidative stress. This study of oxidative stress is in terms of Malondialdehyde (MDA) and
total antioxidant capacity (TAC). MATERIALS AND METHODS: Study group comprised of
114 patients diagnosed as having ACS based on clinical and bio-chemical criteria. Control group
included 66 age and sex matched subjects (Non ACS cases) using the same criteria. RESULTS: In this
study, significant increase of mean values of serum MDA and significant decrease in TAC level was
observed in ACS cases when compared with controls. CONCLUSION: Oxidative stress is markedly
observed in ACS cases, MDA increased and TAC is decreased.
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INTRODUCTION: Antioxidant status is a critical tool for assessing redox status, which is defined as
the balance between oxidants (Free radicals and other reactive species) and antioxidants.[12l
Oxidative stress is described as impairment of equilibrium between prooxidant and antioxidant
systems resulting in excess free radicals or decreased effective concentration of antioxidants or
both. 3] Free radical is defined as a species that contains one or more unpaired electrons in its outer
orbital, which renders it considerable degree of reactivity.[4-6]

SOURCES OF FREE RADICALS:

Endogenous: These endogenous radical production ways account for most of the oxidants produced
by cells. Additional endogenous sources are neutrophils, eosinophils, macrophages, tissue damage,
and mitochondrial electron transport chain and ischemia-reperfusion injury.[7:8l

Exogenous: Exogenously free radicals are formed by cigarette smoke, ionizing radiation, pollutants,
organic solvents, anesthetic gases, hyperoxic environments and pesticides.l69.10 Free radicals and
related reactive species are mainly derived from oxygen (Reactive oxygen species/R0S) and nitrogen
(Reactive nitrogen species/RNS), and are generated in humans by various endogenous systems,
exposure to different physicochemical conditions or pathophysiological states.[11]

In addition to traditional risk factors, oxidative stress has been regarded as one of the most
important contributor to the progression of atherosclerosis.l12] Increased lipid peroxidation.i3] is
thought to be a consequence of oxidative stress, which occurs when the dynamic balance between
prooxidant and antioxidant mechanism is impaired.[14]

So, oxidative stress and lipid peroxidation are involved in the pathogenesis of
atherosclerosis.[!5] Jean-Claude Tardif.l16] observed that oxidative stress appears to be important in
both the early and later stages of the atherosclerotic process. Evidence suggests that reactive species
may play important role in the pathogenesis of ACS.[17.18]
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There is evidence that antioxidants can protect against free radical defense, which is
responsible for reperfusion-induced damage and lipid peroxidation, and may thereby inhibit
thrombosis, myocardial damage and arrhythmias during ACS.[19.201 Antioxidant status is a critical tool
for assessing redox status, which is defined as the balance between oxidants (free radicals and other
reactive species) and antioxidants.[19.2122]

Findings suggest that increased oxidative stress may be an important mechanism for impaired
endothelial function in patients with atherosclerosis. Endothelial dysfunction and increased vascular
oxidative stress predict the risk of cardiovascular events in patients with ACS.

Coronary artery disease (CAD) is the leading cause of death and is a major health burden
worldwide. One fifth of all deaths are due to CAD. By the year 2020, it will account for one third of all
deaths. There are an estimated 45 million patients of CAD in India.

Early and accurate diagnosis of coronary disease is very essential as it is associated with
significant morbidity and mortality. Atherosclerosis is underlying cause of CAD. CAD is a condition in
which there is an inadequate supply of blood and oxygen to a portion of the myocardium. The clinical
spectrum of CAD is stable angina (SA), unstable angina (UA) and myocardial infarction (MI).[231 ACS
includes UA and MI.[24]

The frequency of ACS is extremely high among Indians; India has the highest burden of ACS in

the world. The rising incidence of ACS in Indians may be associated with changes in the lifestyle, the
westernization of the food practices, the growing prevalence of diabetes mellitus and probably
genetic factors.[25]

MATERIALS AND METHODS: The study was conducted in the department of biochemistry, Mamata
Medical College and General Hospital, Khammam, Andhra Pradesh, India. The patients attending
outpatient and wards of cardiology and general medicine departments of hospital and local cardiac
centers were included in this study.

All subjects were informed about the study and written informed consent was obtained from
the patients enrolled. The study was approved by the institutional ethical committee. Antioxidant
status was evaluated by MDA and TAC. Lipid peroxidation product, MDA was measured as an index of
free radical production.

MDA is determined as Thiobarbituric acid reactive substances (TBARS) and over all antioxidant
capacity, TAC measured as Ferric reducing ability of Plasma (FRAP). MDA and FRAP are expressed as
m mol /L.

Study Design: Cross-sectional comparative study.

Statistical Analysis was done using statistical analysis of software (SAS), version 9.3. The results are
expressed as mean * standard deviation (SD). P< 0.05 was considered statistically significant.

Subjects: Study group comprised of 114(47 were without risk and 67were with risk) patients
diagnosed as having ACS based on clinical and bio-chemical criteria using ECG, echocardiogram,
cardiac biomarkers (Myocardial enzymes and troponin) and tread meal test (TMT).
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Inclusion Criteria:

Subjects in the age group of 30-50.
Subjects with risk factors DM, HTN and smoking.
Subjects with DM, assessed based on history and WHO criteria.

Subjects with HTN, assessed based on history and JNC-7 criteria.

Exclusion Criteria:
e Alcoholics.
e Subjects with of past history of ACS.
e Subjects on antioxidant supplementation.

Controls: 66 sex and age matched subjects were recruited as control group (non ACS cases) using the
same criteria. Out of 66, thirty were without risk and thirty six were with risk.

RESULTS:
Controls v/s ACS cases: In our study, mean MDA value was significantly increased and TAC was
decreased in ACS cases than controls (Table 1a).

Controls without risk v/s ACS without risk: Significant increase of mean MDA values were
observed in ACS without risk was compared with controls without risk. Significant decrease of
mean TAC values were observed in ACS without risk was compared with controls without risk
(Table 1b).

Controls with risk v/s ACS with risk: Significant increase of mean MDA and in ACS cases with risk
compared with controls with risk. Mean TAC were significantly decreased in ACS with risk than
controls with risk (Table 1c).

ACS with risk v/s ACS without risk: Non-significant increase in mean values was observed in MDA
levels and non-significant decrease in TAC was observed in ACS cases with risk when compared with
those without risk (Table 1d).

Total ACS cases, ACS with risk and ACS without risk: The correlation between TAC with MDA was
not significant in Total ACS cases, ACS with risk and ACS without risk (Table 2a, Table 2b, and
Table 2c).

UA v/s MI: In the spectrum of ACS (UA and MI) mean MDA was increased and TAC was decreased in
UA and MI respectively (Table 3a). The correlation between TAC with MDA was not significant in UA
and MI (Table 3b and Table 3c).

DISCUSSION:
The role of oxidative stress in atherosclerosis: In the present study mean MDA value was
significantly increased and TAC was decreased in ACS cases than controls. The results are in
accordance with the study done by Ali Movahed et al.[26] and Murat Aydin et al.l27] In total ACS cases
(UA and MI) mean MDA values have shown incremental increase and TAC has shown incremental
decrease. Similar results were reported by some studies.[2829]

Higher MDA and lower TAC levels were observed in the presence of risk factors. These results
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were in accordance with Madhur gupta et al.30] Neela Patil et al.31] Margarete Dulce Bagatini et al.[32]

and Mudassir Ahmad Khan et al.[33] Endothelial function is impaired in the earlier stages of
atherogenesis and is strongly correlated with several risk factors.
Endothelial dysfunction predisposes to long-term atherosclerotic lesions and has been

proposed as an important diagnostic and prognostic factor for coronary syndromes.34 The
production of free radicals is believed to induce endothelial dysfunction which is an initial step in
atherogenesis. Oxidative stress leads to oxidation of LDL (ox-LDL), whose uptake by macrophages is
easier than non-oxidized lipoproteins. The main sources of oxidative substances are macrophages
and SMCs.[351 Hypercholesterolemia stimulates the production of O;*” from smooth muscle vessels an
event that leads to increased oxidation of LDL.

Further reduction of endothelial-produced nitric oxide presence 0, cause the endothelial
dysfunction. The increased production of ROS reduces the production and bioavailability of nitric
oxide, leads to vasoconstriction, platelet aggregation and adhesion of neutrophils to the
endothelium.[6.36]

Atherosclerosis results due to oxidative modification of LDL in the arterial wall by ROS.
Evidence suggests that common risk factors for atherosclerosis increase the risk of production of
ROS. ROS arise from endothelial cells, SMCs and also adventitial cells.

Thus hypercholesterolemia, diabetes, arterial HTN, smoking and age increases the production

of ROS.I37] These risk factors are responsible for the triggering of proliferation and migration of SMCs,
the apoptosis of endothelial cells, and oxidation of lipids, activation of metalloproteinases and
alteration of vasomotor activity.[3839]

Antioxidant status, which is a balance between oxidants and antioxidants, also has been
implicated in pathogenesis of atherosclerosis. ROS causes oxidative modification of LDL.
Hypercholesterolemia itself can increase ROS generation. Free radicals induce endothelial
dysfunction, which again increases ROS production.

Together with decrease in the antioxidant capacity ROS will potentiate the risk. Endothelial
dysfunction contributes to further progress of atherosclerosis leading eventually to complex
atherosclerotic lesions.[24401 HTN, DM, IR, hypercholesterolemia and smoking causes the production
of ROS from endothelium. Free radicals induce endothelial dysfunction which again increases ROS
production.[l0) We have observed increased lipid peroxidation and decreased antioxidant capacity in
total ACS cases.

CONCLUSION: Increased lipid peroxidation and decreased TAC was observed in ACS cases. So,
antioxidant status was altered more in MI than UA. Higher MDA and lower TAC levels were observed
in the presence of risk factors.

Parameter Mean + SD Mean £ 5D P-value
(Controls) (Cases)
MDA 1.5394 £ 0.4163 | 4.8444+1.5294 | <0.0001
TAC 0.9594 + 0.2701 | 0.5936+0.1813 | <0.0001
Table 1a: Mean * SD of biochemical parameters of

Controls (66) and ACS cases (114)
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Mean * SD Mean *SD P-value
(Controls without risk) | (ACS without risk)
MDA 1.33+0.27 4.62 +1.58 <0.0001
TAC 1.036 + 0.289 0.61+0.15 <0.0001
Table 1b: Mean + SD of biochemical parameters of
Controls without risk (30) vs ACS without risk (47)
Parameter Mean £ SD Mean *SD P-value
(Controls with risk) (ACS with risk)
MDA 1.70694 + 0.44363 5.00134 + 1.47731 | <0.0001
TAC 0.89556 + 0.23843 | 0.58015 +0.200012 | < 0.0001
Table 1c: Mean + SD of biochemical parameters of
controls with risk (36) vs ACS with risk (67)
Parameter Mean £ SD Mean & SD P-value
(ACS without risk) | (ACS with risk)
MDA 4.6209 +1.5900 | 5.0013 +1.4773 | 0.1923
TAC 0.6117 +£0.1508 | 0.5801 +0.2001 | 0.3628
Table 1d: Mean + SD of biochemical parameters of
ACS without risk (47) vs ACS with risk (67)

Variable TAC MDA
TAC 1 -0.11NS
MDA 1
Table 2a: Correlations of biochemical variables in ACS

Variable TAC MDA
TAC 1 -0.04NS
MDA 1

Table 2b: Correlations of biochemical
variables in ACS without risk

Variable TAC MDA
TAC 1 -0.13NS
MDA 1
Table 2c: Correlations of biochemical variables in ACS with risk

Mean = SD Mean = SD P-value

(UA) (MI)
MDA 422 +1.61 5.08+1.43 0.0063
TAC 0.64+0.22 0.57 +0.15 0.0537

Table 3a: Mean * SD of biochemical parameters of UA (32) vs MI (82)
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Variable TAC MDA
TAC 1 -0.03NS
MDA 1
Table 3b: Correlations of biochemical variables in UA

Variable TAC MDA
TAC 1 -0.08NS
MDA 1
Table 3c: Correlations of biochemical variables in MI
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