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INTRODUCTION

Most vascular diseases like coronary artery
artery

disease, peripheral
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ABSTRACT: Background: Atherosclerosis, with chief contribution of vascular injury,
inflammation and oxidative stress is the major cause of majority of cardiovascular diseases.
Understanding of its pathophysiology provides initial prognosis, designing of new therapeutics
for its prevention and different treatment protocols. Objectives: The present study was
designed to evaluate the role of oxidative and inflammatory markers of medical importance
in the development of cardiovascular diseases. Study Design: Prospective case control
study. Setting: Sample collection from Punjab Institute of Cardiology (PIC), Lahore and all
the experimental work was done at Institute of Molecular Biology and Biotechnology (IMBB),
The University of Lahore. Period: February 2015 to April 2016. Methodology: Biophysical,
hematological, antioxidative capacity, inflammatory markers and lipid profile were estimated
in atherosclerotic patients. Results: The BMI (31.26%=1.66) were significantly increased in
atherosclerotic patients when were compared with controls. MDA was recorded as 3.99+0.16
in atherosclerotic patients followed by 1.66=0.11 nmol/ml in healthy control respectively. Nitric
oxide (NO) in the patients (35.26=4.26 ng/ml) was also significantly raised in the patients
than normal subjects (21.26+2.35 ng/ml). Whereas mean serum levels of MPO and AGEs
in patients were 0.237+.0013 pmol/ml and 2.46=0.09 U/ml respectively. Increased levels of
TCh (217.56=10.99, TG (199.67=11.02), and LDL (131.87+9.56) along with decrease in HDL
33.76+3.85 mg/dl were recorded respectively. The hs-CRP showed significant increased levels
in atherosclerotic group (3.93+0.14mg/dl) as compared to normal control (1.68+0.06mg/L).
The mean serum level of TNF-a and IL-6 in diseased group was recorded as 41.25+3.65pg/ml
and 6.35+0.64 pg/ml respectively. The significant decreasing trend of total anti-oxidant capacity,
SOD, CAT, GSH, GPx, GRx, vitamin A and C but increasing drift of vitamin E was observed in
atherosclerotic patients. Conclusion: Following study reported that elevated oxidative stress
and inflammation along with lipid peroxidation are the major contributors in the progression of
atherosclerosis.
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Endothelial  dysfunctions  predispose  to

diseases etc. atherosclerotic lesions and the key feature of the

involve atherosclerosis that may be caused by
hypertension, smoking, physical inactivity, obesity,
hypercholesterolemia, malnutrition, diabetes and
excessive alcohol consumption. Atherosclerosis
is a progressive inflammatory disease caused by
fat deposition, inflammatory interventions that lead
to endothelial dysfunction and plaque formation
inside the arterial walls.’

atherothrombotic process involved in the etiology
of causing disease is the generation of reactive
oxygen species (ROS) along with decrease
levels of antioxidant capacity due to increased
utilization of these anti-oxidants in scavenging the
lipid peroxides.?® Reactive oxygen species up-
regulate the expression of many pro-inflammatory
molecules that facilitate inflammatory processes
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and lipid accumulation in the arterial wall.
ROS affect vascular functions through hydroxyl
free radicals (OH-) formation results in lipid
peroxidation by oxidizing lipid components
leading to the formation of oxidized lipoproteins
(Ox-LDL), the key mediator of atherosclerosis.®

The oxidized LDL is endocytosed by sub-
endothelial macrophages through specific
scavenger pathway forming foam cells in arterial
wall. The initial visible lesion of atherosclerosis
is fatty streaks formed by accumulation of lipid-
laden foam cells in the inner vascular layers which
further advance to fibrous plaque formation.
The atherosclerotic plaque can be separated
from arterial lumen by fibrous cap consists of
extracellular matrix and smooth muscle cells.®
Some components of Ox-LDL such as oxysteral,
oxidized fatty acids and aldehydes are involved
in ROS generation in vascular wall. The Ox-LDL
also upregulated the expression of TNF-a and
interleukins involved in vascular smooth muscle
cells (VSMCs) proliferation. Lipid peroxides
formed are also involved in the inhibition of
prostacyclin which ultimately causes platelet
adhesion and aggregation forming advanced
lesion.” The advanced lesion can grow large to
block the blood flow and are more susceptible to
rupture in increased shear stress that is caused by
increased intra luminal pressure and narrowing
of coronary arteries.®® The present study was
designed to assess the interrelationship of
extrapolative variables and their potential role in
the development of atherosclerosis.

METHODOLOGY

The present study was conducted during
February 2015 to April 2016. For this propose
fifty patients of atherosclerosis were screened/
selected at Punjab Institute of Cardiology Lahore
(PIC). Informed consent was received before
being included in this study. Twenty healthy age
matched individuals were selected which served
as controls. Whole of the experiment/protocols
were conducted at the Institute of Molecular
Biology and Biotechnology (IMBB) and Centre
for Research in Molecular Medicine (CRIMM), The
University of Lahore. About 5ml of venous blood
was drawn from the anticubital veins of individuals.

After the blood was drawn it was then centrifuged
within the time of one hour of collection, so that
their serum are separated properly and were then
stored at temperature of -70°C until assays are
performed. Patient inclusion criteria were based
on the following points: 1) patients must be of age
20-70 years 2) All ischemic heart disease patients
were included in the study whereas their history
like if they take any drugs (Alcohol or cigarette) or
their pre-diagnosis medications (e.g. aspirin, lipid
lowering drugs etc), were excluded out of this study.
Afterwards their following variables were performed
by appropriate methods of: GSH, Catalase, SOD,
MDA, GPx, GRx, Vit-E, Vit-A, Vit-C, NO, AGEs and
MPO. TNF-a (BioVendor Human TNF-a ELIZA Kit),
IL-6 (BioVendor Human IL-6 ELIZA Kit), lipid profile
(TCh, TG, LDL, HDL) is determined by Commercial
Human Diagnostics Kits.

BIOCHEMICAL ANALYSIS

GSH determination in patients was done by the
method of Moron et al., (1979).7° Evaluation of
Catalase was according to the method of Aebi
(1974)." Determination of Superoxide Dismutase
by the method of Kakkar (1984)."2 Glutathione
peroxidases were assayed by the method
described by Wendel (1980)."* Evaluation of
glutathione reductase was executed as per the
method of David and Richard (1983).'* Evaluation
of vitamin E in liver samples with Emmerie-Engel
reaction was reported by Rosenberg (1992).'
Evaluation of vitamin A was done with the help of
Bayfield and Cole (1980) method.® Chinoy et al.
(1976) method was used for estimation of vitamin
C."” Advanced glycation end products (AGEs)was
evaluated by the method of Goldin et al. (2006).'8
Estimation of Malondialdehyde Serum MDA
level was measured according to the method of
Ohkawa et al. (1979). MDA level was determined
by thiobarbituric acid reactive substances
(TBARS) in serum, based on the reaction between
MDA and TBARS." The MPO is evaluated by the
help of their particular ELISA assays its principle
based on the solid phase ELIZA (Enzyme-Linked
Immunosorbent Assay) and their absorbance was
taken at 450 nm.2 The interleukin-6 concentration
was assayed by the quantitative ELISA (Enzyme
Linked Immunosorbent Assay) as mentioned by
their manufacturers’ protocols (R&D Systems,
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Minneapolis, MN, USA).2! Lipid profile (TCh, TG,
LDL and HDL) were estimated by the method of
Friedewald (1972).22 The levels of tumor necrosis
alpha (TNF-a) were determined using commercial
ELISA kits (Affimatrix, Japan) and was expressed
in units (pg/ml)2.Serum NO (nitrite) levels were
measured using the Griess reagent method.?*

STATISTICAL ANALYSIS

The study design was prospective case control
and the data was analyzed statistically by SPSS
(V16) and expressed as mean=SD. Independent
t-test was applied to analyze the results between
patients of cardiovascular diseases and health
subjects. Pearson’s correlation coefficients were
used to correlate different variables. P<0.05 is
considered to be statistically significant.

RESULTS

Data analysis in figure 01(A) represented that the
mean ages of normal and diseased patients were
51.26+4.26 Yrs and 50.26+4.11 Yrs respectively.
Atherosclerosis mean weight of the patient
(81.26+7.25 kg) was high than normal individuals
(69.25+3.25 kg) and diseased patients showed
the high levels of BMI (31.26+1.66kg/m?) than
controls (20.15+2.22kg/m?), shown in figure 01
(B and C). Age was insignificant (p=.451) while
weight and BMI were significant as p=0.046 and
p=0.001 respectively. The systolic and diastolic
blood pressures in subjects were recorded
(131.25=3.09 and 97.65+7.25) as compared to
control (124.26+1.98 and 83.25+2.95) and both
were statistically significant (p=0.005 and p=0-
015 respectively).

BLOOD COUNT OF CONTROL Vs

ATHEROSCLEROTIC PATIENTS

Figure-1 (D) showed lower levels of RBCs
(4.96x0.25mm?®) in disease patients than
controls  (5.26+0.95mm® and statistically
insignificant (p= 0.095). Atherosclerotic patients
reported insignificant (p=0.439) increase in
WBCs (7.66x1.11mm?3) than normal patients
(7.26+x1.283mm3), as represented in figure-1
(E). Atherosclerotic patients had Hb levels
(16.26+2.22g/dl) while healthy people had Hb
levels (14.26+2.16g/dl), statistically insignificant

(p= 0.210).

STRESS BIOMARKERS PROFILE OF
ATHEROSCLEROTIC PATIENTS Vs CONTROL
Data analysis regarding oxidative stress
biochemical markers MDA, NO, AGEs and MPO
shows highly significant pattern between and
withinthe groups. The MDA level in atherosclerotic
patients was 3.99+0.16nmol/ml while in control
group was 1.66+0.11nmol/ml with a significance
of p= 0.027. Nitric oxide in diseased patients
(85.26x4.26ng/ml) is remarkably (p= 0.027)
increased as compared to normal subjects
(21.26x2.35ng/ml). The mean serum levels
of AGEs and MPO in diseased patients were
2.46+1.87U/ml, 0.237=0.0013 pmol/ml and
in normal individuals were 0.71x0.011U/ml,
0.103%=.0079 pmol/ml, having significance p=
0.038 and p= 0.001respectively.

ANTI-OXIDANTS BIOMARKERS PROFILE OF
ATHEROSCLEROTIC PATIENTS Vs CONTROL
The significant (p= 0.031) decreasing trend of
SOD was recorded in atherosclerotic patients
(1.98+0.04ug/dl) as compared to normal
individuals (3.33+0.09ug/dl). Serum CAT levels in
diseased individuals were 2.01+0.06umol/mol of
protein as compared to control (2.99+0.08umol/
mol of protein) and was highly significant (p=
0.013). Vitamin E measured in atherosclerotic
patients was 1.15+0.06ug/dl and in healthy
persons was 0.18+0.03ug/dl, having significance
(0.005). Vitamin A level in diseased patients
decreases as compared to controls and is found
significant (p= 0.044). Diseased atherosclerotic
patients showed decrease levels of Vitamin
C (0.16x0.005ug/dl) and control individuals
show elevated pattern (0.36+0.009ug/dl) with a
significance of p= 0.006. The GPx level and GRx
levels of atherosclerotic patients are showing a
decreasing trend as compared to normal person
and statistically significant. The patients had low
levels of GSH (4.26+0.453) due to its activity in
neutralizing the ROS by donating its electrons
and become oxidized, and control patients shows
highly significant (p= 0.001) high levels of GSH
(9.08+0.675ug/dl).
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Figure-1. Physical and heamatological variables of patients with cardiovascular diseases
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The patients of atherosclerosis showed the low of TAC (1.43+0.056mmol/L). The graphical
levels of TAC (0.67+0.034mmol/L) and controls representation of these markers was illustrated in
show significantly (p= 0.035) increased levels figure-2.
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Figure-2. Antioxidative profile of patients with cardiovascular diseases
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INFLAMMATORY BIOMARKERS PROFILE OF
ATHEROSCLEROTIC PATIENTS Vs CONTROL
Data regarding pro-inflammatory biomarkers
profile showed (in figure-3) that the mean serum
level of IL-6 in atherosclerotic disease patients and
normal individuals was recorded as 6.35+0.64pg/
ml and 4.13%=0.46pg/ml respectively with p
value of 0.016. The data interpretation of TNF-
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a showed statistically significantly (p= 0.037)
increased levels in diseased group (41.25+3.65
pg/ml) in comparison with normal subjects
(21.29x2.35pg/ml). The mean hs-CRP serum
levels in atherosclerotic diseased group were
(3.93+0.14ng/ml) whereas in control group
(1.68+0.06 ng/ml), having significance p= 0.009.
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Figure-3. Vitamins and Inflammatory of Patients with Cardiovascular Diseases
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LIPID PROFILE OF CONTROL Vs
ATHEROSCLEROTIC PATIENTS

The results depicted in figure-4 reflect an
increased level of TCh in atherosclerotic patients
(217.56=10.99mg/dl) was recorded as compared
to normal individuals (188.56+7.75mg/dl).
The mean levels of TG in both normal and

and199.67+11.02mg/dl respectively. Similarly the
serum LDL levels in patients (131.87+9.56mg/dl)
were significantly increased in contrast to healthy
individuals (113.76=5.76mg/dl). In the case of
HDL, significantly high value was recorded in
control group (51.78+2.87 mg/dl) as compared
to diseased group (33.76+3.85 mg/dl). All of
these markers were statistically significant.

50

il
=
& 150
E
0 100
=
&0
D
Canirs Subiecis

Figure (B)
160
140
_ 1@
o 100
E g
—
[ £
—
ag
Fal
1]
Corlio Sulipects
Figure (D)

Figure-4. Lipid Profile of Patients with Cardiovascular Diseases

diseased patients were 151.65+7.14mg/dI
£o0
200
"il-. 150
G 100
50
o
sl RI::'_"‘"U-
Figure (A)
&0
50
B 40
o
30
2 20
10 4
{
Cornm Subjects
Figure (C)
DISCUSSION

Endothelial dysfunction induced by oxidative
stress is considered as foremost and major
contributor in the  pathophysiology  of
atherosclerosis. Superoxide free radicals (02-)
produced by endothelial cells and macrophages
rapidly react with nitric oxide (NO) to form
peroxynitrite (ONOO-). Decrease bioavailability
of NO and e-NOS (endothelial nitric oxide
synthase) reduced activity are included in the
initial signs of atherosclerosis.25 Increased risks
of CVDs are confined with reduced synthesis of
NO but contrary to it, various studies revealed
elevated NO levels in cardiovascular diseases.
This increasing trend may be the result of
compensatory mechanism which leads to the
production of NO from the iso-forms of NOS (nitric

oxide synthase).26 The present study reported
elevated levels of nitric oxide in comparison with
the normal individuals because of uncoupling
of e-NOS, induction of i-NOS up-regulation and
production of reactive NO intermediates that
may promote atherosclerotic vascular disease.
Peroxynitrite (ONOO-), the intermediate produced
by NO are involved in the oxidation of LDL into
Ox-LDL, recognized by macrophage scavenger
receptor pathway. Oxidation of LDL (low density
lipoprotein), carrier of bad cholesterol, oxidized
by ROS and interaction with macrophages
convert them into foam cells, known as first lesion
of atherosclerosis, as shown in figure-5. Uptake
of daily dietary cholesterol increase (0.024 mg/
dl) plasma cholesterol and increased in LDL and
HDL cholesterol transporter protein that oxidized
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to cause CVD and atherosclerosis.?” It has been
suggested the relevance of high TG levels in
progression of atherosclerosis.?® It has been
also revealed that the patient with atherosclerotic
plaque, serum analysis showed the elevated
levels of LDL?®, increase in its levels make plaque
rupture and made thrombus more pathogenic.
Interpretation of above studies support our
study results showing the elevated values of
cholesterol, LDL, Triglycerides with the decrease
levels of HDL.

Advanced glycated end-products (AGEs)
formation is also induced by metallic catalyzed
auto-oxidation of glucose and peroxynitrite,
and also by reactive products like glycolytic
intermediates.®® AGEs accumulation with age
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contribute to alter the structure and function of the
cardiovascular system like vascular hardening,
reduced central compliance ofarteries, myocardial
abnormalities, atherosclerosis and endothelial
dysfunction which are further enhanced by the
presence of diabetes, high blood pressure and
renal diseases. AGEs is cross linked with LDL
and reduce its ability to bind to its receptors
thus increasing the LDL in circulation leading to
its uptake with macrophage and thus forming
foam cells. Increased inflammatory response
induces ROS, promoting AGEs formation leading
to increase in oxidative stress®%2 support our
findings, high levels of AGEs increased the risk
of atherosclerosis as illustrated in figure-5 and
AGEs are positively correlated with others factors
of atherosclerosis like LDL and TG.
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Figure-5. Reactive oxygen species (ROS) are generated due to decrease in antioxidants i.e. superoxide dismutase (SOD),
catalase (CAT) and glutathione (GSH), and increase in inflammatory markers like interleukin-6 (IL.-6) and tumor necrosis
factor-alpha (TNF-a) which stimulate nicotinamide adenine dinucleotide phosphate-oxidase (NADPH -oxidase). ROS then
oxidize low density lipoprotein (LDL) into oxidized-low density lipoprotein (Ox-LDL). ROS attack cell membrane to generate
malondialdehyde (MDA) increases ox-LDL formation and also combine with nitric oxide (NO), as its formation is enhanced due
to up-regulation of endothelial nitric oxide synthase (e-NOS) to form peroxynitrite (ONOO-). ONOO- is not only directly involved
in ox-LDL production but also synthesizes advanced glycated end-products (AGEs), also important in ox-LDL. Increase in
myeloperoxidase (MPO) levels also induces ox-LDL production. Monocytes become mature to form macrophages which engulf
ox-LDL to form foam cells, initial lesion of atherosclerosis lead to fatty streaks and ultimately into complicated lesion that will
block the artery completely. Deficient vitamin C results in damaging blood vessel wall, as important in collagen synthesis. Both
vitamin B and C also act as antioxidants thus their deficiency lead to increase in ROS resulting in atherosclerosis.
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The antioxidant system consist of enzymatic
antioxidants including SOD, CAT, GPx, GRx
and non-enzymatic antioxidants such as Vit-A,
Vit-E, Vit-C and glutathione which combat
with oxidative stress produced in the body. In
diseased condition, exacerbated ROS and RNS
production overwhelmed and cause oxidative
damage to lipids, DNA and proteins. Kayyum
et al., (2002) also reported that patient of CVDs
have decrease activity of SOD with enhancement
in disease condition.®® CHD patients show low
levels of antioxidant enzymes due to acute
coronary infection, over production of ROS low
down the anti-oxidant levels and down regulation
of these antioxidant enzymes with the passage
of time.?* Deficiency of vitamin C contributed in
many diseases like CVDs and atherosclerosis
progression.® It has been proposed that mice
fed with deficient vitamin A diet induce further
complications related to atherosclerosis.®® The
present study also revealed that the enzymatic
(SOD, CAT, GPx and GRx) and non-enzymatic
(Vit-A, Vit-C and glutathione) antioxidants level
diminish with increase in oxidative stress and
advancement in atherosclerosis.

Pro-inflammatory cytokines such as TNF-a and
interleukins induced oxidative stress result in
endothelial dysfunction and insulin resistance,
contributing to atherosclerosis.®” ROS mediated
NF-kB is the most vulnerable transcription
factor to oxidative stress and associated with
atherosclerosis by regulation of transcription
genes involved in inflammation.®® Our study
presented elevated levels of inflammatory markers
(IL-6, TNF-a and hs-CRP) in atherosclerotic
patients as compared to healthy individuals,
similarly Thakur et al. (2011) also confirmed high
levels of hs-CRP in coronary artery disease.®
Elevated IL-6 levels increase the instability
mechanism of unstable plaque formation while
TNF-a stimulates atherosclerosis by affecting the
cholesterol homeostasis in macrophages and
inflammation reactions that induces the vascular
lesion formation.**#' High levels of MPO involved
in chronic inflammatory disease, lipid peroxidation
and tissue injuries linked to the generation of
atherosclerosis. 3-chloro-tyrosine used as marker

of MPO involved in oxidation of LDL that was
the initial reaction of atherosclerotic disease. It
has been concluded that MPO and its oxidation
products increase atherosclerotic plaque
development.*? MDA formed as a byproduct
of lipid peroxidation regulates the interaction
between macrophages and Ox-LDL that result
in atherosclerosis progression*, as displayed
in figure-5. In the current study, MDA levels are
elevated than normal patients due to high ROS
generation mediating Ox-LDL production, similar
findings were proposed by Arab et al. (2011).%

Obesity was the term used as increased in body
fat that will affect weight and BMI of the body.
South Asian peoples show the relation of increase
in weight expressed to heart diseases.**

Ourstudy showedincreased BMlin atherosclerotic
patients as compared to normal individuals which
is concurrent with Kivimaki et al. (2008), reported
that atherosclerosis risk factors are directly
and indirectly raised by the elevated levels of
BMI.#" Leukocytosis effect the endothelial layer
through inflammation and oxidative damage. In
the present study, WBCs increased in diseased
patients as compared to controls due to infection
and activated immune response which is in
accordance with Ahmet et al. (2011), pointed
leukocytosis involved in causing atherosclerosis
and interaction of leukocytosis with other risk
factors of atherosclerotic disease.”® Increase
ROS production generates oxidized RBCs, after
the oxidation RBCs release heme portion (Hb)
and deposition of red blood cells in plague make
plaque instable.**%° Red blood cells (RBCs) act as
grip piper of oxygen and nitrogen reactive species
due to its antioxidant activities. Increase in blood
pressure (BP) will damage the arterial walls that
further causes ROS generation initiating LDL
oxidation further advances to fatty streaks®' which
is in favour of our study.

CONCLUSION

Oxidative stress and inflammation play a pivotal
role in the pathophysiology of atherosclerosis.
Elevated levels of IL-6 increase the instability
mechanism of unstable plaque formation while
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TNF-a stimulates atherosclerosis by affecting the
cholesterol homeostasis in macrophages and
inflammation reactions that induces the vascular
lesion formation. Malondialdehyde (MDA) as a
byproduct of lipid peroxidation also regulates
the interaction between macrophages and Ox-
LDL that result in atherosclerosis progression.
So, better understanding of these extrapolative
factors and their role in causing atherosclerotic
disease is pre-requisite for effective health care
and pharmacological intervention.

Copyright© 15 Sep, 2016.
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