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Objective: To study the putative effects of Advanced Oxidation Protein Products (AOPPs) and Advanced
Glycation End Products (AGEs) in the development and progression of cardiovascular disease (CVD).
Methodology: AGEs, AOPPs, e-NOS, lipid profile, circulating stress and inflammatory biomarkers were
evaluated among fifty cardiovascular patients and fifty controls. Independent student’s t-test was done
for statistical analysis.
Results: The malondialdehyde mean level in CVD patients (5.45 nmol/ml) was significantly higher than
control (1.36 nmol/ml) (p value = 0.018). Nitric oxide in CVD patients (55.72 ng/ml) was remarkably
increased as compared to normal subjects (19.19 ng/ml). A significant change in the mean serum level
of AGEs in CVD patients (2.74 ng/ml) and normal individuals (0.85 ng/ml) was recorded (p value = 0.000).
The AOPPs also showed significant increased levels in CVD group (132.07 ng/ml) in comparison with nor-
mal subjects (83.05 ng/ml) (p value = 0.011). The mean eNOS serum level in CVD group (15.50 U/L) was
higher than control group (11.28 U/L) (p value = 0.004). Cardiovascular disease patients, in comparison
with healthy controls, showed increased level of total cholesterol (5.48 mmol/L vs 4.45 mmol/L), triglyc-
erides (2.59 mmol/L vs 1.24 mmol/L), and low density lipoprotein (2.47 mmol/L vs 2.31 mmol/L) along
with decrease in high density lipoprotein (1.39 mmol/L vs 1.74 mmol/L). The mean MMP-11 serum levels
in CVD group (98.69 ng/ml) was almost double of control group (45.60 ng/ml) (p value = 0.017). The
mean serum level of TNF-a and IL1-a were 32.16 pg/ml and 6.64 pg/ml in CVD patient. The significant
decreasing trend of SOD (p value = 0.041), CAT (p value = 0.018), GSH (p value = 0.036) and GRx
(p value = 0.029) but increasing drift of GPx (0.023) level was observed in CVD patients.
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Conclusion: This study provides strong evidence that CVD patients presented with elevated oxidative
stress, enhanced inflammation and lipid profile in their serum. Therefore, the study strongly approves
that AGEs, AOPPs, inflammatory and lipoxidative biomarkers hold predictive potential in causing and
aggravating the disease, thus by controlling these factors CVD progression can be inhibited.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cardiovascular diseases are foremost fatality and disability all
over the world rampant due to unhealthy food intake, obesity,
and stressed environmental and genetic factors. On a global level,
CVD is the most common underlying cause of death, accounts for
approximately 31% i.e. 17 million CVD related deaths out of total
54 million deaths. In United State alone, it accounts for approxi-
mately 800,000 deaths i.e. one out of every three to four deaths
(Benjamin et al., 2017). The percentage of premature deaths ranges
from 4% to 42% in developed and under-developed countries
(United Nations WHO, 2013). The developing countries like Pak-
istan, India, Bangladesh, Sri Lanka and Nepal consists of 20% of
the world population and also considered in the regions with high-
est rate of cardiovascular diseases (Goyal and Yusuf, 2006). CVD
have been majorly linked to four behavioral risk factors i.e. alcohol
overuse, tobacco smoking, unhealthy diet and physical inactivity
(Alwan, 2011). Long term exposure of behavioral risk factor con-
tributes to high blood pressure, overweight, obesity, dyslipidaemia
and hyperglycemia. These all myriads of causative factors lead to
inflammation, oxidative and mechanical stress, endothelial impair-
ment and eventually vascular remodeling. Therefore, for proper
management of CVD patients, clinical assessment of these param-
eters, according to recent national institutes of health panel, can be
included to improve our ability to identify the risk of CVD (Naghavi
et al., 2003; Benjamin et al., 2017).
1.1. Intercellular adhesion molecule 1 (ICAM-1), and vascular cell
adhesion molecule 1 (VCAM-1)

Inflammatory factors such as ICAM-1, VCAM-1, TNF-a, IL-6, IL-
1a and CRP play significant roles in facilitating vascular inflamma-
tion and blocking RAAS (Pacurari et al., 2014). Non-enzymatic
oxidative alteration of proteins resulting in increased advanced
oxidation protein products (AOPPs), advanced glycation end-
products (AGEs) levels and e-NOS, used as biomarkers are closely
linked with biochemical changes in increased oxidative stress con-
dition and play a vital role in prognosis of risk factors. AGEs accu-
mulation with age contribute to changes in the structure and
function of the cardiovascular system like vascular stiffening,
reduced central compliance of arteries, myocardial abnormalities,
atherosclerosis and endothelial dysfunction which is further
enhanced by the presence of diabetes, high blood pressure and
renal diseases (Peppa et al., 2004).

Systemic levels of AOPPs are augmented in diabetes mellitus,
atherosclerosis, CVD and chronic renal disease. Nitric oxide has a
range of intracellular effects including vasodilatation, endothelial
regeneration, leukocytes chemotaxis inhibition and platelet adhe-
sion. Atherosclerotic endothelial damage leads to decrease in
endothelial nitric oxide synthase (e-NOS) bioactivity with conse-
quent abnormal release of NO along with a local raised degradation
of NO by promoting reactive oxygen species (ROS) production with
consequent oxidation sensitive mechanism cascade in the arterial
wall. Oxidative stress increases the production of reactive oxygen
species (ROS) that endogenously leads to the activation of antiox-
idant defense mechanism. It is also involved in the modification of
DNA, proteins, carbohydrates, lipids and other biological macro-
molecules (Dalle-Donne et al., 2005). Thus, oxidative stress mark-
ers should be identified having potential to integrate multiple
processes that trigger cardiovascular pathogenicity (Ho et al.,
2013). In addition, by understanding the underlying disease mech-
anism, we can get a vantage point of the potential predictive mark-
ers and novel treatment targets.

In the present research article, our focus is the insinuation of
AOPPs and AGEs in the development of CVDs.
2. Methodology

We assessed AGEs AOPPs, inflammatory cytokines, lipid profile
and oxidative stress markers for fifty CVD patients screened at
Punjab Institute of Cardiology, Lahore, Pakistan. We included fifty
healthy individuals as controls.

We took 5 ml of peripheral blood samples from each partici-
pants and immediately centrifuged for serum collection, and
stored at �70 �C until assayed. We measured all the variable under
investigation with previously described methods (GSH (Moron
et al., 1979), CAT (Aebi, 1974), SOD (Kakkar et al., 1984), MDA
(Ohkawa et al., 1979), GPx (David and Richard, 1983), GRx (David
and Richard, 1983), Vit-E (Rosenberg and Culik, 1959), NO
(Moshage et al., 1995), AOPPs and AGEs (Kalousova et al., 2002))
or by Commercial Kits like e-NOS by Cayman’s e-NOS ELIZA Kit,
TNF-a by BioVendor Human TNF-a ELIZA Kit, IL-1 a by BioVendor
Human IL-1a ELIZA Kit, MMP-11 by BioVendor Human MMP-11
ELIZA Kit. Lipid profiling of TCh, TG, LDL, and HDL were done by
available commercial Human Diagnostics Kits.

2.1. Inclusion and exclusion criteria

The inclusion criteria were based on patients age ranging from
20 to 70 years, and suffering from ischemic heart diseases. The par-
ticipants with history of addiction (alcohol, cigarette etc.) and on
pre-diagnosis medications (aspirin, lipid lowering drugs etc.), were
excluded from this study.

2.2. Ethical approval

All the experimental procedures were approved by the ethical
committee of the University of Lahore and informed written con-
sent was taken prior to the start of study from all participants
according to Helsinki’s declaration.
3. Statistical analysis

All data was analyzed statistically by SPSS (ver 16) and
expressed as mean ± S.D. Independent t-test was applied to com-
pare the results among control and CVD patients. While Pearson
correlation was used to correlate different parameters with each
other. P value < 0.05 was statistically significant.
4. Results

Result of the current study presents highly significant pattern of
data regarding oxidative stresses and biochemical markers
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between and within the groups (Table 1 and Fig. 1). The mean
serum level of AGE in CVD patients (2.74 ± 0.25 ng/ml) was signifi-
cantly higher (p value = 0.000) than normal individuals
(0.85 ± 0.04 ng/ml). AOPP had also shown significantly increased
levels (p value = 0.011) in CVD group (132.07 ± 13.79 ng/ml) than
individuals (83.05 ± 7.31 ng/ml). We found significantly higher
Table 1
Measurements of expression of biomarkers in cardiovascular diseases and healthy
controls.

Variables Control Patients P value
(P < 0.05)

Stress variable biomarkers
MDA (nmol/ml) 1.36 ± 0.031 5.44 ± 1.09 0.018
Nitric oxide (ng/ml) 19.19 ± 2.31 55.72 ± 2.16 0.011
Ages (ng/ml) 0.85 ± 0.04 2.74 ± 0.25 0.000
AOPPS (ng/ml) 83.05 ± 7.31 132.07 ± 13.79 0.011
eNOS (U/L) 11.28 ± 1.34 15.5 ± 1.64 0.004

Lipid profile biomarkers
Total cholesterol (mmol/L) 4.45 ± 0.971 5.48 ± 0.33 0.047
Triglycerides (mmol/L) 1.24 ± 0.15 2.59 ± 0.53 0.037
LDL (mmol/L) 2.31 ± 0.091 2.47 ± 0.19 0.013
HDL (mmol/L) 1.74 ± 0.017 1.39 ± 0.031 0.017

Inflammatory biomarkers
IL-Ia (pg/ml) 5.68 ± 0.53 6.64 ± 0.78 0.081
TNF-a (pg/ml) 29.57 ± 2.12 32.16 ± 3.79 0.017
MMP-11 (ng/ml) 45.6 ± 2.71 98.69 ± 7.77 0.017

Anti-oxidative biomarkers
SOD (µg/ml) 0.46 ± 0.003 0.24 ± 0.0021 0.041
Glutathione (µg/ml) 9.77 ± 1.73 4.91 ± 0.077 0.036
Catalase (µmol/mol of

protein)
4.27 ± 0.007 1.43 ± 0.011 0.018

Vitamin E (µg/ml) 2.95 ± 0.66 2.19 ± 0.73 0.010
GPx (µmol/ml) 1.59 ± 0.007 2.33 ± 0.021 0.023
GRx (µmol/ml) 7.3 ± 1.67 6.03 ± 1.21 0.029

Fig. 1. Stress variable biomarke
expression of e-NOS (p value = 0.004), MDA (p value = 0.018) and
NO (p value = 0.011) as evident from their mean values in CVD
(15.50 ± 1.64 U/L, 5.45 ± 1.09 nmol/ml and 55.72 ± 2.16 ng/ml)
and control group (11.28 ± 1.34 U/L, 1.36 ± 0.031 nmol/ml and
19.19 ± 2.31 ng/ml). Lipid profile (TCh, Tg, LDL, and HDL) of CVD
patients showed an increased level (TCh = 5.48 ± 0.33 mmol/L,
Tg = 2.59 ± 0.535 mmol/L, LDL = 2.47 ± 0.19 mmol/L) as compared
to healthy individuals (TCh = 4.45 ± 0.971 mmol/L, Tg = 1.24 ±
0.157 mmol/L and LDL = 2.31 ± 0.091 mmol/L), whereas HDL level
was lower in CVD group (1.39 ± 0.031 mmol/L vs 1.74 ±
0.017 mmol/L). The mean IL1-a, TNF-a and MMP-11 serum levels
in CVD patients (6.64 ± 0.78 pg/ml, 32.16 pg/ml and 98.69 ng/ml)
were significantly higher than healthy individuals (5.68 ± 0.53 pg/
ml, 29.57 pg/ml and 45.60 ng/ml). The significant decreasing trend
of CAT, SOD, GSH and GRx was recorded in CVD patients as com-
pared to normal individuals (CAT: 1.43 ± 0.011 µmol/mol of protein
vs 4.27 ± 0.007 µmol/mol of protein; SOD: 0.24 ± 0.002 µg/ml vs
0.46 ± 0.003 µg/ml; GSH: 4.91 ± 0.077 µg/ml vs 9.77 ± 1.73 µg/ml;
GRx: 6.03 ± 1.21 µmol/ml vs 7.31 ± 1.67 µmol/ml). The GPx levels
of CVD patients (2.33 ± 0.021 µmol/ml) had shown increasing trend
as compared to normal individuals (1.59 ± 0.007 µmol/ml) (p
value = 0.023). Vitamin E level was also significantly low in CVD
patients (2.19 ± 0.73 µg/ml) than healthy persons (2.95 ± 0.66 µg/
ml) (see Fig. 2).
5. Discussion

AGE and AOPP, the novel oxidative biomarkers have emerged as
chief inducers of cardiovascular events. AOPP are dityrosine
containing biomarkers of oxidative damage, generated under the
stressed conditions are responsible to trigger the inflammatory
process (Piwowar, 2014). In the present study, significant increase
of AOPPs was found in CVD patients which is concurrent with the
rs profile of CVD patients.



Fig. 2. Lipid profile biomarkers of CVD patients.
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study of Skvarilova et al., which demonstrated significantly ele-
vated levels of AOPPs in acute coronary syndrome patients
(Skvarilova et al., 2005). AOPPs have believed to have positive cor-
relation with NO (r = +0.195*) while negative correlation with CAT
(r = �0.306*) (see Fig. 3).

AGEs are heterogeneous compounds generated through non
enzymatic glycation of protein, lipids and nucleic acid, and has var-
ious biological effects mediated through intracellular and extracel-
lular matrix proteins or through interacting with RAGE receptors
on cell surface, and are linked to premature atherosclerosis. CVD
patients showed significantly increased levels of AGEs which is
concurrent with the study of Kilhovd et al., showing the high
serum level of AGEs in coronary heart disease (Kilhovd et al.,
2005). A strong positive significant correlation was found between
AGE and NO (r = 0.447**) (see Fig. 4).

Nitric oxide, an endothelium vasodilator, is produced by nitric
oxide synthase enzyme. Superoxide anion (O2

�) may react with
excess NO and limit the reaction that leads to the formation of per-
oxynitrite (ONOO�), a trigger of lipid peroxidation (Byrne et al.,
2003). Endothelial dysfunction and oxidative stress are caused by
e-NOS uncoupling through different mechanisms. Firstly, the
Fig. 3. Inflammatory biomarke
production of NO by e-NOS which allows the generation of free
radicals that attacks other cellular targets. Secondly, enzyme con-
tributes to oxidative stress by producing O2

�. Partial uncoupling
of e-NOS act as peroxynitrite generator, produces O2

� and NO
simultaneously leading to increased oxidative stress (Cai and
Harrison, 2000). Our study showed significantly increased levels
of NO and e-NOS in CVD patients than controls. This implies
uncoupling of e-NOS and the excess formation of NO that will react
with O2

� to generate peroxynitrite. We found positive significant
correlations between NO vs. GSH (r = 0.303*), AGEs vs NO
(r = 0.447**), e-NOS vs. SOD (r = 0.292*).

In the present study, we observed increased level of Tg, TCh, LDL
in cardiac patients as compared to healthy individuals which is
concurrent with the study of Reiner et al., which showed increase
values of Tg, TCh, LDL might cause CVD in the absence of other risk
factors (Reiner et al., 2011). Statistically significant positive corre-
lation was observed in between triglycerides and e-NOS
(r = 0.393**). During premature CVD, elevated levels of TCh and
LDL were observed along with prompt dyslipidaemia. Whereas,
in case of atherogenic lipid triads increase in LDL, TCh, Tg with
reduced HDL levels (Reiner et al., 2011).
rs profile of CVD patients.



Fig. 4. Antioxidant biomarkers profile of CVD patients.
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Inflammation participates in the progression of CVD as TNF-a
increases expression of vascular wall chemokines (VCAM-1) and
augments multiplication of vascular smooth muscle cells (VSMCs)
(Zhang et al., 2007). Elevated level of TNFa in CVD patients as com-
pared to control, which was concurrent with the findings of Ridker
et al. (2000), where also increased TNF-a levels were associated
with recurrent coronary disease (Schonbeck et al., 1999). TNF-a
showed a significant inverse correlation with SOD (r = �0.476**).
IL-1a levels was also significantly high in CVD patients as com-
pared to normal individuals, and present results were similar to
the study of Chen et al. (2007), Elevated IL-1a levels causing tissue
damage and disease aggravation in myocardial infarction (Walter
et al., 2004). Substantial negative correlation was detected in
between IL-1a and AOPPs (r = �0.276*) while positive correlated
was observed in between TNFa and MMP-11 (stromelysin-3)
(r = 0.166), it is one rare MMP involved in atherosclerosis
(Jawalekar et al., 2010). The present study demonstrates signifi-
cantly higher activity of MMP-11 in CVD group and positive corre-
lation of MMP-11 with MDA (r = 0.405**), TCh (r = 0.297*), TG
(r = 0.345*) and e-NOS (r = 0.358*) was observed, while inverse
correlation was seen with SOD (r = �0.303*).

Present study reveals significant higher levels of MDA in the
patients of cardiovascular disease as compared to healthy individu-
als. Therefore, atherosclerosis majorly contributes in the generation
of free radicals that eventually leads to increase in lipid peroxida-
tion. Current results are in accordance with Walter et al. (2004),
who showed that serum elevated levels of TBARS in coronary artery
disease andpredict a key role inmajor cardiovascular events (Kumar
et al., 2012). The present study also showed the significant positive
correlation of MDA with TCh (r = 0.320*) and Tg (r = 0.394**).

In the present study, glutathione peroxidase (GPx) levels were
increased in diseased groups as compared to normal individuals.
GPx, which uses glutathione as a substrate, also converts hydrogen
peroxide (H2O2) to water (H2O) and molecular oxygen (O2). The
elevated level suggests that GPx activity enhances due to reduction
in SOD and CAT to fight oxidative stress. SOD catalyzes dismutation
of superoxide to H2O2. CAT is a tetrameric peroxidase enzyme
which converts toxic substrate (H2O2) to neutral products (water
and molecular oxygen) and plays a significant role in the antioxi-
dant defense system and in adaptation to oxidant stress (Mates
et al., 1999; Sindhu et al., 2005). It may be also due to increased
concentration of lipo-peroxides which induce the production of
antioxidant enzyme GPx (Robertson and Harmon, 2007). The cur-
rent study showed significantly reduced levels of SOD and GRx in
CVD patients as compared to normal individuals which are concur-
rent with Jawalekar et al. (2010), which demonstrated a significant
reduced level of SOD and GRx in CVDs. Additionally a significant
positive correlation of SOD was observed with GPx (r = 0.425),
MMP-11 (r = �0.303*) and e-NOS (r = 0.292*).

The present study showed the reduced level of CAT in CVD vic-
tims as compared to controls, similar to the results of Kumar et al.,
which reported lower level of CAT in patients with cardiovascular
diseases (Kumar et al., 2012). Vitamin E, a fat soluble antioxidant is
involved in the prevention of CVDs through LDL oxidation which
stimulates production of inflammatory markers involved in foam
cell formation. It exerts cytotoxicity on endothelial cells, curbs
the motility of tissue macrophages thus inhibiting NO induced
vasodilation that lead to the formation of atherosclerotic plaque
(Miwa et al., 1996). The current study demonstrated the
decreased level of vitamin E in CVD patients as compared to
healthy subjects.

6. Conclusion

The present study states strong and evident role of elevated
oxidative stress in patients with cardiovascular disease. Patients
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with cardiovascular disease have shown enhanced inflammatory
markers. Current study also approves that AGEs, AOPPs and lipox-
idative biomarkers having potential role in the aggravation of dis-
ease. Hence, by controlling these factors can help in hampering
disease progression.
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