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ABSTRACT
Atherosclerosis is one of the chronic arterial diseases, the leading cause of deaths among low-income
and middle-income countries. The present study aims to evaluate the role of oxidative stress biomarkers in
atherosclerotic patients with and without diabetic mellitus as well as in control subjects in Northern Indian
population. We analyzed glutathione peroxidase (GPx), superoxide dismutase (SOD), Oxidised LDL (Ox- LDL)
and antioxidised LDL antibody (antiox-LDL abs) levels by Daytona autoanalyser and ELISA, respectively. The
levels of GPx and SOD were significantly (p<0.0001) lower in Group I and Group II as compared to Group III.
The Ox-LDL levels were significantly higher in Group II (7.0 ± 4.5) as compared to Group I (5.0 ± 3.6) and Group
III (2.9 ± 2.9). However, antiox-LDL abs levels were significantly lower in Group II (342.0 ± 172.0) as compared
to Group I (539.0 ± 166.0) and Group III (621.0 ± 109.0). The down-regulated levels of GPx, SOD, antiox-LDL abs
and elevated levels of Ox-LDL in patients may be associated with the pathogenesis of atherosclerosis. The
levels of oxidative stress biomarkers and antiox-LDL abs might be potential determinants of susceptibility to
atherosclerosis in patients with type 2 diabetes mellitus.
Keywords: Atherosclerosis, glutathione peroxidase, superoxide dismutase, Oxidised LDL, antioxidised LDL
antibody.
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INTRODUCTION
Cardiovascular diseases (CVDs) are known as the disorder of heart and blood vessels which includes
Coronary artery disease, coronary heart disease, cerebrovascular disease, rheumatic heart disease and various
other conditions. According to World Health Organisation (WHO) data sheet 2017, more than 75% deaths by
CVD reported in low-income and middle-income countries, while 80% of all CVD deaths are as a consequence
of heart attacks and strokes [1]. Atherosclerosis is one of the chronic arterial diseases among CVD, caused by
the gradually progression of plaques and their acute rupture leading to local thrombosis and partial or total
occlusion of the associated artery [2]. Recent atherosclerosis reports suggested that approximately 18 million
people are suffering from this disease out of total 1.06 billion Indian populations [3].
Diabetes is one of the major and independent risk factor for cardiovascular disease [4]. Previous
Framingham study had been reported about the association between glycemic control and CVD [5]. One of the
mechanisms suggested that high glucose status increases the adhesion of monocytes to arterial endothelial
cells through activation of NFkB pathways [6]. Monocytes are differentiated into intimal macrophages, which
accumulate lipids in the artery wall and lead to fatty streak formation and further developed into advanced
lesions, which become unstable and rupture, resulting in clinical appearance of CVD. Several studies have
reported that the levels of non-enzymatic well as enzymatic antioxidants are important factors, associated
with type 2 diabetes [7-8]. Down-regulated activity of these antioxidant enzymes may accelerate the
production of ROS and oxidative injury, further progression of type 2 diabetes mellitus [9] and atherosclerosis
[10]. These studies confirmed the oxidative modification hypothesis and ROS production may induce oxidation
of LDL, cholesterol derived particles and modification of several proteins, which give rise to foam cell
formation and atherosclerotic plaques [11]. Recent clinical study revealed that oxidation of LDL is associated
with various pathological conditions and oxidative modification of LDL (Ox-LDL) involved in pathogenesis of
atherosclerosis [12], and diabetes mellitus-induced atherogenesis [13]. The mechanism and function of
antioxidized LDL antibodies (antiox-LDL abs) in the pathogenesis of atherosclerosis and diabetes is complex
and still not clear. The levels of these antibodies have been shown to predict the development of advanced
atherosclerotic lesions [14] and peripheral vascular disease [15]. Apart from altered levels of antiox-LDL abs in
disease conditions, their clinical role in cardiovascular disease pathogenesis is still under research and
discussion. The aim of the present study was to evaluate the role of oxidative stress biomarkers in
atherosclerotic patients with and without diabetic mellitus as well as in control subjects in Northern Indian
population.
MATERIAL AND METHODS
Study population
A total of 150 study subjects were recruited for the present pilot study, were residents of North India.
Study population is comprised of three groups:
Group I: Angiographically proven atherosclerotic CAD patients (N=50) without diabetes mellitus (DM).
Group II: Included angiographically proven atherosclerotic CAD patients (N=50) having DM.
Inclusion criteria: i) Angiographically proven patients [Age between 35 years to 70 years], who have 70% or
more stenosis of at least one of the major coronary artery. ii) CAD patients without DM iii) CAD Patients with
DM. Exclusion criteria: i) Patients with less than 70% stenosis, ii) Patient with abnormal liver function test and
iii) Autoimmune diseases like Rheumatoid Arthritis.
Patients were recruited from Department of Cardiology, G.B. Pant Hospital, Delhi, India in
collaboration with Department of Biochemistry, Lady Hardinge Medical College, Delhi, India. All patients had
stenosis (>50%) that was severe enough to require intervention, assessed by coronary angiography. The
American Diabetes Association (ADA) recommendation and criteria was used for selection of CAD patients
with type-2 diabetes mellitus [16-17].
Group III: Included patients (N=50) found to have no or insignificant atherosclerosis, considered as controls.
Inclusion criteria: No or insignificant atherosclerosis, when angiography was done.
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Exclusion criteria: i) Patients with diabetes mellitus or autoimmune disease like rheumatoid Arthritis and ii)
Patient with CAD.
Group I & II were considered as cases, whereas group III was considered as controls. Cases and
controls were matched for age and sex. The study was conducted in accordance with the guidelines of the
Helsinki Declaration and written informed consent was obtained from all the participants recruited for the
study. A detailed history of study subjects was obtained, followed by a complete clinical examination. Patients
already undergoing angiography as advised by Cardiologist were included as study group. An approval of ethics
committee of G.B. Pant Hospital, Delhi, India and Lady Hardinge Medical College, Delhi, India was obtained
prior to the study.
Sample collection and processing
Two millilitres (2 ml) of blood were taken in plain and EDTA vials. Serum was used for Ox- LDL, antioxLDL abs estimation, while whole blood EDTA samples were used for Gpx and SOD levels. The venous blood
sample taken without anti-coagulant was allowed to clot, centrifuged and serum was separated. Serum and
whole blood EDTA samples were stored at -70⁰C and -20⁰C for estimation of Ox-LDL, antiox–LDL abs and Gpx
and SOD levels, respectively.
Glutathione Peroxidase (GPx) and Superoxide dismutase (SOD) levels
The levels of antioxidants such as GPx and SOD were estimated by Daytona autoanalyser using
commercially available kits Ransel and Ransod (RANDOX Laboratories Ltd) respectively according to the
manufacturer’s protocol.
Oxidised LDL (Ox- LDL) and antioxidised LDL antibody (antiox-LDL abs) levels
Ox- LDL and antiox-LDL levels were estimated by ELISA using biomedical kits according to the
manufacturer’s protocol.
Statistical analysis
All statistical analysis was performed with the IBM SPSS statistical package 20. A one-way-ANOVA and
post-hoc scheffe test was performed for the comparisons of continuous variables between the groups. Results
were expressed as mean ± standard deviation (SD).
P <0.05 considered to be significant.
RESULTS
Glutathione Peroxidase (GPx) and Superoxide dismutase (SOD) levels
The levels of GPx were significantly (p<0.0001) lower in Group I (293.6 ± 112.0) as compared to Group
III (686.0 ± 115.0) as well as in Group II (197.0 ± 74.0) as compared to Group III. Similarly, SOD levels were also
significantly (p<0.0001) lower in Group I (256.8 ± 75.3) as compared to Group III (487.0 ± 110.0) as well as in
Group II (138.0 ± 31.0) as compared to Group III (Table 1).
Oxidised LDL (Ox-LDL) and antioxidised LDL antibody (antiox-LDL) abs levels
The Ox-LDL levels were significantly higher in Group II (7.0 ± 4.5) as compared to Group I (5.0 ± 3.6)
and Group III (2.9 ± 2.9). However, antiox-LDL abs levels were significantly lower in Group II (342.0 ± 172.0) as
compared to Group I (539.0 ± 166.0) and Group III (621.0 ± 109.0) (Table 1).
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Table 1: Oxidative stress biomarkers levels in study subjects
Parameters

CAD
(Group I)
(N=50)

CAD with DM (Group II)
(N=50)

Controls (Group
III)
(N=50)

*p-Value between groups

GPx (U/l)

293.6 ± 112.0

197.0 ± 74.0

686.0 ± 115.0

SOD (U/ml)

256.8 ± 75.3

138.0 ± 31.0

487.0 ± 110.0

Ox-LDL (µg/ml)

5.0 ± 3.6

7.0 ± 4.5

2.9 ± 2.9

antiox-LDL abs
(MU/ml)

539.0 ± 166.0

342.0 ± 172.0

621.0 ± 109.0

I Vs II = 0.0001
I Vs III = 0.0001
II & III = 0.0001
I Vs II = 0.0001
I Vs III = 0.0001
II & III = 0.0001
I Vs II = 0.037
I Vs III = 0.025
II Vs III= 0.0001
I Vs II = 0.0001
I Vs III = 0.028
II Vs III = 0.0001

antiox-LDL abs, antioxidised low density lipoprotein antibody; GPx, Glutathione peroxidase; Ox-LDL, Oxidised
low density lipoprotein; SOD, Superoxide dismutase; MU/ml, milli units/milliliter; U/l, Unit/liter; U/ml,
Unit/milliliter; µg/ml, microgram/milliliter.
Patients group were compared with controls with analysis of variance (ANOVA); *p < 0.05 is considered to be
significant.
DISCUSSION
The association between diabetes and CVD has been well established [4-5]. An elevated glucose level
induces diacylglycerol accumulation and activation of protein kinase C in vascular cells, resulting in
upregulated glucose flux via aldose reductase pathway. During elevated glucose levels, up-regulated
expression of inflammatory cytokines was observed [18], associated to the production of reactive oxygen
species (ROS) and glucose dependent oxidative stress [19]. An increase in ROS production and reduced
antioxidant potential may lead to the various complications in diabetic patients including oxidative DNA
damage and insulin resistance conditions [20]. The levels of antioxidants play an important role in type 2
diabetes [7-8], their reduced activity promotes oxidative stress and ROS generation leading to the
development of atherosclerosis and other CVDs.
In our study, we found that the levels of antioxidants such as GPx and SOD were significantly reduced
in CAD patients with DM as compared to CAD patients and controls subjects. GPx-1 and SOD have both been
reported as major antioxidants which help to protect and prevent against oxidative damage in patients with
CAD [21]. Previous studies also reported that levels of SOD and GPx were lower in diabetic patients than the
controls [9]. Reduced activity of GPx-1 may correlate with the progression of atherosclerotic plaques and
severe lesions, an important factor for the cause of atherosclerosis in humans [10]. Our results are in
consistent with the previous study in which SOD activity decreased with the development of CAD [22]. Similar
results have also been observed by Pytel et al. (2013), suggested that SOD activity in CAD patients was 17%
lower when compared with healthy individuals [23]. SOD catalyzes the dismutation of oxygen free radical to
H2O2, which can further be reduced by catalase and GPx. The potential role of SOD is to inhibit the oxidative
changes caused by oxygen free radical, help in the prevention against progression of type 2 diabetes and
atherosclerosis.
During hyperglycemia, production of ROS is remarkably increases via multiple processes. Glucose can
undergo nonenzymatic reactions forming gluco-oxidants and glycated products, which results in the
modification of LDL (oxidised and glycated LDL). In addition to classical LDL receptors, macrophages derived
from circulating monocytes can take up modified LDL via scavenger receptors. Scavenger receptors recognize
chemically and biologically modified lipoproteins, typically oxidized LDL [24]. Ox-LDL potentially promotes
atherogenesis, in addition to the ability to be taken up rapidly by macrophages to form foam cells. In our
study, Ox-LDL levels were significantly increased in CAD and CAD with DM group as compared to controls. Our
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results are inconsistent with the previous studies showed that Ox-LDL levels were significantly higher in
patients with coronary artery disease [25] and diabetes [26] as compared to controls. We observed a
significant decrease in antioxidised LDL antibodies (antiox-LDL abs) titre in cases as compared to controls. It
has been hypothesized that the physiological role of antiox-LDL abs is to remove Ox-LDL from the circulation
by mean of soluble antigen-antibody complexes [27]. The reduced levels of antiox-LDL abs may be correlated
with the insufficient scavenging and increase in Ox-LDL species, ultimately lead to the progression of
atherosclerosis and in diabetic patients [28]. Several hypotheses have been raised to explain the inverse
relationship between antibody against Ox-LDL titres and atherosclerosis. Ox-LDL seems to be an immunogenic
molecule that stimulates the induction of antiox-LDL abs. Antiox-LDL abs is present in healthy individuals as
well as in CAD patients possessing the dual role, by virtue of either protective or pathogenic. The major
limitation of our study is small sample size. Further studies in extended sample size are needed to understand
the patho-physiological role of oxidative stress biomarkers in atherosclerotic patients with and without
diabetic mellitus.
CONCLUSIONS
The down-regulated levels of GPx, SOD, antiox-LDL abs and elevated levels of Ox-LDL in patients may
be associated with the pathogenesis of atherosclerosis. The levels of oxidative stress biomarkers and antioxLDL abs might be potential determinants of susceptibility to atherosclerosis in patients with type 2 diabetes
mellitus. However, a detail study in extended sample size with patients follow-up is warranted to confirm the
significance of oxidative stress biomarkers in atherosclerosis.
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