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ABSTRACT 

BACKGROUND: Patient approaching hospital with the chest pain or other acute coronary 

syndrome signs or symptoms evaluation is time taking, pricey, complex and challenging. Raised 

biomarkers of necrosis including oxidative stress, cytokines, cell adhesive molecules, biomarker 

of destabilization of formed plaque and rupture, ischemia biomarkers and myocardial stretch 

biomarker endow initial outlook of patient’s overall risk and also be familiar with high risk 

patients of adverse events. 

METHODOLOGY: Different biomarkers of AGEs, AOPPs, lipid biomarkers, and 

inflammatory markers among 132 control and acute coronary syndrome patient’s serum samples 

via different lab tests and ELIZA kits were assessed. The results were analyzed by independent t-

test in SPSS version 21. 

RESULTS: Significantly increasing trends of MDA (0.911±0.033 nmol/ml vs. 4.19±1.09 

nmol/ml), NO (20.59±1.89 ng/ml vs. 81.25±5.19ng/ml), AGEs (0.61±0.014 ng/ml vs. 4.19±0.48 

ng/ml) and AOPPs (95.65±5.19ng/ml vs. 133.26±10.32ng/ml) was depicted in patients of ACS 
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than controls.  Results on the subject of lipid profile biomarkers TCh (4.59±0.59 mmol/L vs. 

9.65±2.16 Mmol/L), triglycerides (1.08±0.017 mmol/L vs. 5.19±1.48 mmol/L), and LDL 

(2.18±0.008 mmol/L vs. 3.29±0.011 mmol/L) showed significantly increasing pattern with 

reduction in HDL (1.79±0.018 mmol/L vs. 0.985±0.008 mmol/L) levels in ACS patients. The 

scrutiny of inflammatory biomarkers including IL-1α (8.19±1.99 pg/ml vs. 3.99±0.32 pg/ml) and 

TNF-α (41.58±6.35 pg/ml vs. 21.25±4.29 pg/ml) portrayed augmented picture in disease patients 

in contrast to healthy controls’. The study also reveals that MMP-11 (96.35±5.18ng/ml vs. 

41.59±5.26ng/ml) level was increased in acute coronary syndrome patients as compared to 

normal individuals.  

CONCLUSION: This study corroborates that activation and progression of local and systemic 

inflammation as the result of elevated inflammatory markers (IL-1α, TNF-a and MMP-11) and 

oxidative markers especially AGEs, AOPPs, NO and MDA may consider to have a supportive 

pathogenic role in acute coronary syndrome and could identify high-risk patients with 

subsequent increase ischemic events and vulnerable plaque destabilization.  

Keywords: Acute coronary syndrome, advanced glycation end products, advanced oxidation 

protein products, matrix metalloproteinase 

INTRODUCTION 

Cardiovascular diseases are the 

foremost cause of morbidity and fatality in 

all over the world accounting one third of all 

deaths [1]. Acute coronary syndrome (ACS) 

has clinical presentation of unstable angina 

and commonly related to MI despite of CAD 

[2]. Unstable angina and myocardial 

infarction are pathophysiological events 

precipitating acute coronary syndrome is 

considered to be thrombosis overlay on 

atherosclerotic plaque. Atherosclerotic 

plaque as long as significantly reducing 

lumen area may not impair the blood flow so 

acute coronary syndrome is not generally 

seeming to come out of a clear sky. STEMI 

resulted from the intra-luminal formed 

thrombus leading to complete occlusion of 

blood vessels. ACS is caused by four 

different pathological entities including 

rupture of atherosclerotic plaque followed by 

endothelial erosion which leads to exposing 

calcium nodules and thrombogenic 

molecules result in intra-plaque haemorrhage 

arising from plaque microvasculature itself 

[3,4]. In western countries, Non- STEMI and 

unstable angina accounting worldwide 2.5 

million hospital entries are main cause of 

morbidity and mortality. Its prognosis is 
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worse than that of chronic stable angina. 5-

10%patients after acute episode may affect 

by hospital death and recurrent myocardial 

infarction [5]. Older age, previous 

cardiovascular disease, hypertension, 

smoking, diabetes, gender, increased 

cholesterol, and family history are common 

risk factors of acute coronary syndrome. It 

can also associate along with valvular 

disease, cardiomyopathies and arrhythmias 

[6,7].  

Inflammation and oxidative stress are 

involved in the pathogenesis of CAD 

destabilization leading to acute coronary 

syndrome. Neutrophils and macrophages 

infiltration participate in transforming stable 

plaque to unstable abrasions within a fibrous 

cap. Neutrophils and macrophage are found 

in high concentration in lesions of unstable 

angina and AMI patients in comparison to 

stable coronary disease patients [8,9]. 

Respiratory chain, NADPH oxidase, xanthine 

oxidase, inflammatory cells, cyclo-oxygenase 

and mitochondria are various sources for 

generation of free radicals [4]. ROS 

production damages to a variety of cellular 

organelles including mitochondria, 

endoplasmic reticulum, proteins, DNA and 

lipids that trigger signaling pathways leading 

to cell apoptosis [10, 11, 12]. Current 

researches have showed that raised 

biomarkers upstream from necrosis such as 

cellular adhesion molecules, inflammatory 

cytokines, acute phase reactants, biomarkers 

of destabilization of plaque and rupture, 

ischaemic biomarkers, and myocardial 

stretch biomarkers may provide initial 

estimation of general risk and help in 

predicting higher risk patients with adverse 

events. Acutely after acute coronary 

syndrome event, increased atherogenic 

lipoproteins such as triglycerides and low-

density lipoproteins levels along with the 

reduction of HDL levels are prophetic of 

cardiovascular events [13]. Vascular 

inflammation and RAAS blocking is 

facilitated by inflammatory biomarkers 

including ICAM-1, VCAM-1, TNF-α, IL-6 

and hs-CRP [14] and their fluctuation levels 

can help in evaluating cardiovascular risks 

[15]. Advanced oxidation protein products 

(AOPPs) and advanced glycation end-

products (AGEs) formed from oxidative 

stress protein modification, glycation may 

alter the structure and functionality of CVS 

such as hardening of vessels, reduced central 

compliance of arteries, anomalies of 

myocardium, atherosclerotic lesions and 

endothelial dysfunction that aggravated in the 

presence of diabetes, hypertension and renal 

disease [16]. Raised receptor activity 

mediates pro-inflammatory responses [17, 
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18] and causes oxidative stress by ROS 

production that may contribute in causing 

cardiovascular diseases [19,20]. 

MATERIALS AND METHODS 

METHODOLOGY 

The study was conducted to evaluate 

the main mechanism involved in AGEs, 

AOPPs, lipid profile, oxidative stress along 

with inflammatory biochemical markers in 

the development of acute coronary syndrome 

(ACS). In present study, seventy-six patients 

after well-versed consent were screened from 

University of Lahore, teaching Hospital, 

Lahore. The control group includes fifty-six 

apparently healthy individuals. The 

experimental protocols were permitted by 

Research Ethical Committee of institute of 

molecular biology and biotechnology, at 

University of Lahore. Five ml of anti-cubital 

vein blood sample was drawn from every 

participant and collected in sterile test tubes 

which are centrifuged within one hour of 

collection of sample after which the serum 

was separated and stored at -70°C until 

further analysis. The diagnosis of acute 

coronary syndrome was based on following 

criteria 1) 20-70years aged patients were 

included in study 2) All patients of unstable 

angina, STEMI and non-STEMI were 

included. The subjects with drugs history 

(including alcohol and cigarette), pre-

diagnosis medications (e.g. 

antiparkinsonian/antipsychotic), were 

excluded from this study. Following 

variables were performed by the technique 

of: Malondialdehyde [21], NO [22], AOPPs 

[23], AGEs [23], lipid profile (TCH, 

triglycerides, LDL-C, HDL-C) is determined 

by Commercial Human Diagnostics Kits. 

MMP-11, IL-1α and TNF-α were analyzed 

with their respective ELIZA kits.  

STATISTICAL ANALYSIS 

  The study was prospective case 

control and the data was statistically 

analyzed by independent T-test using SPSS 

version 21 and expressed as mean±SD. 

P≤0.05 is cut point to be statistically 

significant.   

RESULTS 

Serum samples of fifty-six healthy and 

seventy-six ACS patients were evaluated in 

the study on bases of their Lipid biomarkers, 

circulating oxidative stress markers, and 

inflammatory biochemical markers. Data 

analysis in regarding oxidative stress 

biochemical markers MDA 

(0.911±0.033nmol/L vs. 4.19±1.09nmol/L), 

NO (20.59±1.89 ng/ml vs. 81.25±5.19 

ng/ml), AGEs (0.61±0.014 ng/ml vs. 

4.19±0.48 ng/ml) and AOPPs (95.65±5.19 

ng/ml vs. 133.26±10.32 ng/ml) shows highly 
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significant pattern between and within the 

groups. Data regarding pro-inflammatory 

biomarkers concluded that statistically 

significant (p=0.001 and 0.008 respectively) 

increasing trends of IL-1α (3.99±0.32 pg/ml 

vs. 8.19±1.99 pg/ml), TNF-α (21.25±4.29 

pg/ml vs. 41.58±6.35 pg/ml) were observed 

acute coronary syndrome patients than 

normal subjects. The results of lipid profile 

concluded that total cholesterol, triglycerides 

and low density lipoproteins were 

significantly higher in ACS patients than 

normal subjects while mean HDL {1.79 

mmol/L (normal) vs. 0.985±0.008 mmol/L 

(ACS)} in ACS subjects was lower and 

significant than control group. The mean 

value of MMP-11 in ACS patients was 

96.35±5.18 ng/ml while in control group was 

41.59±5.26 ng/ml and also found to be 

statistically significant (p=0.001). 
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Figure 1: Up-Regulation of Prophetic Variable of Medical Importance in Patients of Acute Coronary Syndrome (ACS) 
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DISCUSSION 

Atherosclerosis leading to acute 

coronary syndrome is regard as immune-

inflammatory event tempted by vascular 

intimal wall impairment. The pathogenicity 

of atherosclerosis is dependent on various 

diverse factors initiated endothelial 

dysfunction provoked by dyslipidaemia and 

activation of cellular and hormonal 

components of inflammation resulting in 

generation of stress condition by the 

production of free oxidant radicals. The 

association among oxidative stress and 

pathophysiology of ACS is extremely 

feasible. Therefore, the study was deliberated 

to evaluate the role of circulatory oxidative 

markers, and inflammatory and lipid profile 

changes in the development and progression 

of acute coronary syndrome.  

Modification of LDL as the result of 

oxidative stress is central paradigm of plaque 

destabilization. The current study showed 

that raised triglycerides, LDL and cholesterol 

levels along with decrease in HDL levels in 

acute coronary syndrome patients as 

compared to controls. These results are in 

agreement with the results of Serdar et al. 

(2007) and Gururajan et al. (2010) which 

showed significantly higher total cholesterol, 

LDL and tri-acyl glycerol and lower levels of 

HDL in ACS patients [24, 25].  The modified 

OxLDL cause the activation and migration of 

monocytes and increase VSMCs. These 

recruited cells generate numerous cytokines, 

chemokines and adhesion molecules (ICAM, 

VCAM) which prompt pro-inflammatory 

mediators’ i.e. (TNF-α, IL-1α) bio-synthesis. 

AGEs and AOPPs are recently emerged as 

the chief prognostic oxidative markers in 

inducing cardiovascular events leading to 

acute coronary syndrome. Advanced 

oxidation protein products (AOPPs) acts as 

inflammatory mediators originate by action 

of free radicals on proteins triggering 

oxidative ignition of neutrophils, monocytes 

resulting in upregulation and activation of 

excessive dendritic cells may account for 

immune disorders in atherosclerosis [26]. In 

this study, it is evident a significantly 

increase in AOPPs level in case of acute 

coronary syndrome as compared to normal 

individuals because of excessive generation 

of hypochlorite ions in diseased stress 

condition which react with albumin protein 

to transformed it in AOPPs. Our results are 

concurrent with the studies of Skvarilova et 

al. (2005) and Zhou et al. (2012) that 

demonstrated increased AOPPs in patients of 

ACS [27, 28]. AGEs bind to receptor of 

advanced glycation end product (RAGE) to 

aggravate the ROS production by triggering 

NADPH oxidase. RAGE is multi-ligand 
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receptors that interact with various ligands to 

mediate pro-inflammatory response [17]. 

Advanced glycation end-products are formed 

via non-enzymatic glycation of lipids, 

proteins and nucleic acid alter gene 

expression, migration of cells, proliferation 

and signalling pathway activation by binding 

to RAGE and have a significant role in 

atherosclerosis and vascular complication 

[29, 30, 31]. The current study reported 

significantly elevated levels of AGEs in 

acute coronary syndrome patient as 

compared to healthy group. Our finding 

showed similarity with Raposeiras-Roubin et 

al. (2015) which showed the association of 

AGEs with ACS. Raised levels of 

interleukin-6 and Tumor necrosis factor-α 

(TNF-α) have been reported in ACS patients 

than normal’ because human atherosclerotic 

lesions express pro-inflammatory markers 

i.e. IL-1α, TNF-a which stimulate smooth 

muscle cells to produce IL-6 to initiate 

process of inflammation and cause liberation 

of C- reactive proteins from liver [32, 33]. 

These results are comparable with other 

studies [34, 35].   

Our finding showed significantly 

increased NO levels in ACS patients as 

compared to control group because of 

uncoupling of nitric oxide synthase, 

induction of iNOS upregulation and 

production reactive NO intermediates that 

leads to excessive production of NO that may 

react with superoxide free radicals to 

generate peroxynitrite ions (ONOO-) which 

trigger lipid peroxidation and cause protein 

damage [4]. Atherosclerotic lesions leading 

to acute coronary syndrome also affect the 

composition and concentration of lipid and 

lipoprotein in blood plasma. Lipid 

peroxidation, secondary by-product 

Malondialdehyde (MDA) can augment ROS 

production. The TBARS is the indication of 

oxidative stress in a variety of cardiovascular 

disease models [36, 38-50].  In present study, 

levels of MDA are high than normal 

individuals due to lofty ROS produced 

OxLDL particles of cholesterol linked with 

the findings of Arab et al., (2011) MDA 

levels were observes elevated in CAD patient 

in comparison with controls [37]. 

CONCLUSION 

Acute coronary syndrome including unstable 

angina, STEMI and non-STEMI is originated 

from plaque destabilization and thrombus 

formation which in turn represents a 

heightened state of oxidative stress and 

inflammation and engross protein and lipid 

functional oxidative modifications within the 

vessel walls that lead to endothelial 

dysfunction leading to atherosclerosis. As 

oxidative and inflammatory markers act as 
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integrators of various processes that trigger 

cardiovascular pathobiology, so their 

identification along with lipid profile analysis 

provide valuable information regarding the 

intensity and severity of disease 

circumstances.  
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