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Abstract 
Acute coronary syndrome (ACS) is a range of conditions associated with de-
creased blood flow in the coronary arteries resulting from sudden rupture of 
atherosclerotic plaques. Several studies have found that oxidative stress is in-
volved in the initiation and progression of atherosclerosis. The role of oxidase 
enzymes and antioxidative stress biomarkers in these processes needs further 
attention. In this study, a total of 120 participants were enrolled which com-
prised 60 ACS patients and 60 control subjects. The major oxidase enzyme, 
xanthine oxidase, which plays a pivotal role in the generation of reactive oxy-
gen species (ROS), showed significantly higher activities in both serum 
(158.03 ± 43.30 mU/mL) and red blood cells (RBC) lysate (309.07 ± 75.73 
mU/mL) of the ACS patients compared to controls, 48.51 ± 13.41 mU/mL 
and 184.10 ± 70.14 mU/mL, respectively. The nicotinamide adenine dinuc-
leotide phosphate (NADPH) oxidase and myeloperoxidase, both of which are 
major contributors to ROS production, showed significantly higher activities 
in patients (14.13 ± 3.38 U/L and 10.9 ± 3.3 U/mg) than in controls, 6.90 ± 
1.94 U/L and 5.9 ± 1.5 U/mg, respectively. Ceruloplasmin, an emerging bio-
marker of inflammation, showed significantly higher activity in patients (83.8 
± 26.2 U/L) compared to controls, 70.0 ± 18.9 U/L. The antioxidant enzyme 
glutathione reductase showed significantly lower activity in patients than 
controls, 60.7 ± 47.8 U/mL/min and 85.2 ± 49.5 U/mL/min, respectively. 
Evaluation of cardioprotective biomarkers nitric oxide and high-density li-
poprotein-cholesterol (HDL-C) showed significantly lower values in pa-
tients. Correlation analyses between these parameters further corroborated 
increased oxidative stress in patients. These findings suggest that excessive 
productions of ROS by the oxidase enzymes cause an imbalance between 
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oxidants and antioxidants in favor of oxidants leading to increased oxidative 
stress in patients with ACS. 
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1. Introduction 

Cardiovascular diseases (CVD) are a major contributor to global deaths in de-
veloped countries, and its prevalence is rising in developing countries [1]. Ac-
cording to a large scale study, the prevalence of CVD is at its peak in Bangladesh 
and its associated risk factors such as hypertension and diabetes are on the rise 
[2]. The majority of cardiovascular deaths are attributable to coronary artery 
disease (CAD) which is the blockage of one or more arteries that supply blood to 
the heart, usually due to atherosclerosis. The most ominous manifestation of 
CAD is acute coronary syndrome (ACS) which causes a sudden reduction in 
myocardial perfusion, comprising unstable angina (UA), non-ST-elevation myo-
cardial infarction (NSTEMI) and ST-elevation myocardial infarction (STEMI). 

Several studies have found that the most common risk factor for atherosclero-
sis is increased production of reactive oxygen species (ROS) along with an im-
paired endogenous antioxidant mechanism, a phenomenon also termed as oxid-
ative stress [3] [4]. Although the impact of oxidative stress is well established, the 
molecular source of ROS is ambivalent. The present study was designed to test 
the hypothesis that oxidative stress may occur due to the upregulation of oxidase 
enzymes such as xanthine oxidase (XO), NADPH oxidase, myeloperoxidase 
(MPO), and downregulation of antioxidant enzymes such as glutathione reduc-
tase (GR). Other prominent biomolecules may also give some insight into the 
generation of oxidative stress such as ceruloplasmin (Cp), nitric oxide (NO) and 
HDL-C. 

The NADPH oxidase or NOX is membrane-associated enzyme complex that 
catalyzes the 1-electron reduction of oxygen using NADPH as the electron do-
nor [5]. NOX family enzymes are one of the major contributors to ROS produc-
tion. XO catalyzes the oxidation of hypoxanthine and xanthine to uric acid in 
the process of purine metabolism which is the first biological mechanism to be 
identified as a producer of ROS [6]. MPO, a pro-inflammatory enzyme found in 
abundance in ruptured plaque [7], catalyzes the hypochlorite formation from 
chloride and hydrogen peroxide. MPO has been demonstrated to be involved in 
multiple low-density lipoprotein (LDL) oxidation pathways. It limits NO bio-
availability, resulting in endothelial dysfunction [8]. 

Reduced glutathione (GSH) is one of the first lines of defenses against oxida-
tive stress, acting as a non-enzymatic antioxidant [9]. GR plays an essential role 
in the redox cycle of glutathione by regenerating GSH from its oxidized form, 
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using NADPH. Cycling between GSH and oxidized glutathione (GSSG) is used 
to remove free radicals produced by the metabolism of potent toxins and to pro-
tect cells against oxidative injuries [10]. NO, another non-enzymatic antioxidant 
synthesized by nitric oxide synthase (NOS), is a major contributor to the normal 
homeostasis of the cardiovascular system. NO produced by the endothelial iso-
form of NOS (eNOS), is principal determinant of endothelium-dependent relax-
ation and regulator of vascular tone. Furthermore, NO inhibits platelet aggrega-
tion, adhesive molecules expression, and regulates cell proliferation and diffe-
rentiation at the vascular wall [11].  

Although cholesterol is essential for life, its excessive amount in the blood can 
increase the risk for stroke and heart disease [12]. Blood cholesterol has several 
major constituents, including very-low-density lipoprotein-cholesterol (VLDL-C), 
low-density lipoprotein-cholesterol (LDL-C), and HDL-C. It has been found that 
high levels of triglyceride combined with high levels of LDL-C and low levels of 
HDL-C speed up atherosclerosis [12]. 

Ceruloplasmin, the biggest circulating copper carrier is a ferroxidase enzyme 
capable of oxidizing ferrous ions to less toxic forms of ferric ions [13]. It has 
been found that Cp is also an acute-phase protein in inflammation setting [14]. 
Increased levels of Cp are associated with the production of reactants for oxida-
tion, i.e. superoxide and hydrogen peroxide [15]. Many studies have found that 
Cp levels have been increased in patients with cardiovascular disorders such as 
coronary heart disease (CHD) and MI [16] [17]. The role of Cp in lipoprotein 
oxidation and progression of atherosclerotic lesions has not been directly eva-
luated and is an important focus for future studies. 

Oxidative stress and endothelial dysfunction underlie the pathophysiology of 
ACS and this study may provide some insight into the development of ACS by 
the assessment of major oxidase enzymes, and their effects on GR, HDL-C, nitric 
oxide and ceruloplasmin in the blood. 

2. Methods 
2.1. Subjects 

A total of 120 subjects were enrolled in this investigation comprising of 60 pa-
tients suffering from acute coronary syndrome (ACS), admitted to the coronary 
care unit (CCU) of Dhaka Medical College Hospital. The diagnosis was made by 
expert physicians based on characteristic electrocardiogram and troponin 
changes. Any patient ailed with diabetes mellitus, infections, impaired renal or 
liver functions, or any other chronic inflammatory conditions was excluded 
from the study to avoid false positive results. A group of 60 healthy subjects, 
from the local community, was enrolled as the control group who did not have 
any prior history of diabetes mellitus or ACS.  

2.2. Ethical Clearance  

This study was approved by the ethical review committee of the Faculty of Bio-
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logical Sciences, University of Dhaka, Bangladesh. Prior to data collection, each 
individual was informed about the objectives and significance of the study. Only 
the full consenting volunteers were enrolled. 

2.3. Study Period and Blood Sample Collection 

This study was conducted from February 2018 to April 2019. About 10 mL of 
venous blood was drawn from each subject, 5 mL was collected in a lavender 
capped tube containing EDTA for plasma collection and the rest was taken in a 
glass tube for serum collection. The serum and plasma were separated, collected 
in small aliquots and stored at −20˚C until analyzed. 

2.4. Preparation of RBC Lysate 

Fresh blood (200 μL) was taken in a tube and the cells were washed twice with an 
excess of normal saline. The pellet was suspended with 800 μL of ice-cold na-
no-pure water and incubated at 4˚C to lyse the RBCs. The preparation was cen-
trifuged and the supernatant was collected.  

2.5. Assay of Xanthine Oxidase Activity 

Xanthine oxidase (XO) activity was measured by the method of Bergmeyer et al. 
[18]. Briefly, an aliquot of 25 μL of serum or RBC lysate was added to 475 μL of 
phosphate buffer. The reaction was started with the addition of 250 μL of xan-
thine solution and absorbance was recorded at 290 nm using a Shimadzu UV 
Spectrophotometer. The increase in absorbance was recorded for 5 minutes. XO 
activity was expressed as mU/mL, which was defined as the amount of enzyme 
that catalyzed the oxidation of xanthine yielding 1.0 micromole of uric ac-
id/minute. 

2.6. Assay of NADPH Oxidase Activity 

NOX activity was measured according to the method established by Reusch and 
Burger [19]. Briefly, a cocktail was prepared with 200 μL of phosphate buffer, 
200 μL of nano-pure water and 50 μL of EDTA. Then 25 μL of serum and 25 μL 
of NADPH were added. Immediately, the absorbance was taken at 340 nm and 
recorded for 5 minutes. One unit of NOX is defined as the amount of enzyme 
required to oxidize 1.0 μmole of NADPH per minute and expressed as U/L. 

2.7. Determination of Nitric Oxide 

Endothelium-derived NO level was determined using the Griess Reagent System, 
as described previously [20]. 

2.8. Assay of HDL Cholesterol 

The serum HDL-C was assayed by using the reagent Kits from Randox Labora-
tories Ltd., UK, and the recommended protocol was followed for the determina-
tion.  
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2.9. Assay of Ceruloplasmin Activity  

The enzymatic activity of serum ceruloplasmin was measured using O-dianisidine 
dihydrochloride as a substrate and was expressed as U/L [21]. 

2.10. Assay of Myeloperoxidase Activity  

The plasma MPO activity was measured by a colorimetric assay using 
O-dianisidine as a substrate, according to Bradley et al. [22], and detailed pre-
viously [23]. The MPO activity of the samples was expressed in Units/mg of 
protein.  

2.11. Assay of Glutathione Reductase Activity 

GR activity can be determined by using NADPH, which is oxidized to NADP+ 
by the catalytic activity of glutathione reductase. One unit of GR activity is de-
fined as a change in optical density of 0.001 per mL per minute at 340 nm [24]. 

2.12. Statistical Analysis of the Data 

GraphPad Prism (version 7.0 for Windows, GraphPad software, USA) was used 
for carrying out independent samples t-test for comparison of the two groups 
and graphical presentation of the analyzed data, chi-square (χ2) test was used for 
comparison of categorical variables. The Spearman correlation analysis was done 
using the Statistical Package for Social Sciences (version 20.0 for Windows, SPSS 
Inc., USA). The mean ± SD values were calculated for each parameter. The re-
sults were considered significant when p was <0.05.  

3. Results 
3.1. Baseline Characteristics of the Study Subjects 

Among the enrolled 60 patients, 45 (75%) had STEMI, 12 (20%) had NSTEMI 
and 3 (5%) had unstable angina (UA). The general health information of the 
study subjects were recorded on preformed questionnaire forms (Appendix). These 
include the body weight, height, systolic blood pressure (SBP), diastolic blood 
pressure (DBP), age, smoking status, previous history of hypertension (HTN), fam-
ily history of cardiovascular diseases (CVD), breathlessness, and history of myocar-
dial infarction. The troponin I values of the patients, which were measured at the 
hospital upon diagnosis, were also recorded. A comparison of the baseline cha-
racteristics of the study participants is shown in Table 1. It was found that the 
SBP, DBP, BMI (body mass index, kg/m2), and family history of CVD were not 
significantly different between the ACS patients and controls while smoking and 
previously diagnosed HTN emerged as significant risk factors for the develop-
ment of ACS. It was found that the mean age of the patients, 51.0 ± 10.5 years 
(ranging from 26 to 70 years), was significantly higher than the controls. 

3.2. Serum Xanthine Oxidase Activity 

In the control group, the mean serum XO activity was 48.51 ± 13.41 mU/mL  
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Table 1. Baseline characteristics of the control subjects and ACS patients.  

Variables 
Control Subjects 

(N = 60) 
ACS Patients 

(N = 60) 
Statistics 

General information (Mean ± SD) 

BMI (kg/m2) 26.2 ± 3.1 26.2 ± 1.5 NS 

SBP (mmHg) 122.4 ± 9.9 129.5 ± 31.1 NS 

DBP (mmHg) 81.2 ± 7.0 83.9 ± 18.7 NS 

Age (years) 41.5 ± 12.3 51.0 ± 10.5 p < 0.001 

Troponin I (ng/mL) ND 14.3 ± 25.6 NA 

Smoking status (%) 

Non-smokers 55.00 25.00 
p < 0.0001, 
χ2 = 21.09 

Ex-smokers 8.33 23.33 

Current smokers 36.67 51.67 

Cardiology information (%) 

Previously diagnosed HTN 10.00 50.00 p < 0.0001 

Family history of CVD 15.00 28.33 NS 

Breathlessness 11.67 23.33 NS 

Previous history of MI 0 18.33 NA 

NS: not significant; ND: not done; NA: not applicable; HTN: hypertension; MI: myocardial infarction. 

 
whereas the value was 158.03 ± 43.30 mU/mL in the ACS patients, which was 
significantly higher (Figure 1(a)). 

3.3. RBC Lysate Xanthine Oxidase Activity 

The mean RBC lysate XO activity was 184.10 ± 70.14 mU/mL in the controls and 
the value was 309.07 ± 75.73 mU/mL in the ACS patients, which was signifi-
cantly higher (Figure 1(b)). 

3.4. Serum NADPH Oxidase Activity 

The mean serum NOX activity in the ACS patients was 14.13 ± 3.38 U/L which 
was significantly higher than 6.90 ± 1.94 U/L found in the controls (Figure 2). 

3.5. Levels of Nitric Oxide 

The mean nitric oxide level in ACS patients was 5.62 ± 2.72 μM and that in the 
control subjects was 10.24 ± 5.94 μM, implying that the patients had significantly 
lower value (p < 0.0001). 

3.6. Evaluation of HDL-Cholesterol  

The mean serum HDL-C level in the ACS patients was 21.67 ± 6.88 mg/dL and 
the corresponding value in the control subjects was 29.81 ± 4.43 mg/dL. Statis-
tical analysis of the data showed HDL-C level was significantly lower in ACS pa-
tients (Figure 3). 
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Figure 1. Comparison of xanthine oxidase (XO) activities in (a) serum and (b) RBC ly-
sates of the ACS patients and control subjects.  
 

 
Figure 2. NADPH oxidase (NOX) activity in serum of the control subjects and ACS patients.  
 

 
Figure 3. HDL cholesterol levels in the study groups showing significantly lower value (p 
< 0.0001) in ACS patients than the control subjects. 
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3.7. Ceruloplasmin Activity 

The mean ceruloplasmin activity of the controls was 70.0 ± 18.9 U/L and that of 
the patients was 83.8 ± 26.2 U/L, which was significantly higher (p < 0.05). 

3.8. Myeloperoxidase Activity 

The mean MPO activity of the controls was 5.9 ± 1.5 U/mg while the corres-
ponding value of the patients was 10.9 ± 3.3 U/mg, which was significantly 
higher (p < 0.001). 

3.9. Glutathione Reductase Activity 

The mean GR activity of the controls was 85.2 ± 49.5 U/mL/min and that in the 
patients was 60.7 ± 47.8 U/mL/min, which was significantly lower (p < 0.05). 

3.10. Correlation of Oxidase Enzymes and Antioxidative Stress  
Biomarkers 

A significant negative correlation was found between circulatory XO and GR ac-
tivities in ACS patients, with a Spearman correlation coefficient rho of −0.371 
(Figure 4). There were significant positive correlations between serum XO and 
NOX, and RBC lysate XO with NO in ACS patients but significant negative cor-
relations were found between NOX and GR, and NO with HDL-C in ACS pa-
tients (Table 2). A weak positive correlation (rho = 0.054) was shown by RBC 
lysate XO with plasma MPO activity in ACS patients.  

In the control subjects, serum Cp and RBC lysate XO activities showed a sig-
nificant negative correlation but the Cp showed a significant positive correlation 
with plasma GR activity (Table 2). Further, a significant positive correlation was 
found between RBC lysate XO and plasma MPO activities in control subjects 
(Figure 5). In contrast to the ACS patients, there was a significant positive cor-
relation between HDL-C and nitric oxide in the controls (Table 2). 
 
Table 2. Correlation of oxidase enzymes and antioxidative stress biomarkers. 

Spearman  
rho correlation 

Correlation coefficients and p-values 

Serum XO 
(mU/mL) 

RBC lysate XO 
(mU/mL) 

Plasma GR 
(U/mL/min) 

Nitric Oxide 
(micro M) 

ACS patients: 

NOX (U/L) 0.461 (p < 0.01) −0.340 (p = 0.122) −0.315 (p < 0.05)  

GR (U/mL/min) −0.371 (p < 0.01) 0.227 (p = 0.309)  −0.317 (p < 0.05) 

RBC_XO (mU/mL)   0.227 (p = 0.309) 0.550 (p < 0.01) 

HDL-C (mg/dL) 0.153(p = 0.289) −0.287 (p = 0.195) 0.143 (p = 0.333) −0.302 (p < 0.05) 

Control subjects: 

Ceruloplasmin(U/L)  −0.344 (p < 0.05) 0.388 (p < 0.05) 0.119 (p = 0.436) 

MPO (U/mg)  0.337 (p < 0.05)  0.252 (p = 0.095) 

HDL-C (mg/dL) −0.069 (p = 0.68)   0.376 (p < 0.05) 

NOX (U/L) 0.242 (p = 0.105) 0.186 (p = 0.284)   
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Figure 4. A significant negative correlation of xanthine oxidase with glutathione reduc-
tase (GR) activities in ACS patients (ρ = −0.371, p < 0.01). 
 

 
Figure 5. A significant positive correlation of RBC lysate XO with MPO activities in con-
trol subjects (ρ = 0.337, p < 0.05). 

4. Discussion 

This study investigated the activities of different oxidase enzymes, inflammatory 
biomarker ceruloplasmin (Cp) and their correlation with other antioxidative 
stress biomarkers in patients with acute coronary syndrome (ACS). The mean 
age of the patient group was 51.0 years, which was significantly higher than the 
controls. It may be mentioned that due to stringent inclusion criteria, it was dif-
ficult to obtain samples from age-matched control subjects. Further, smoking 
and previously diagnosed hypertension appeared to be significant risk factors for 
the development of ACS, as reported earlier [20] [25]. 

Previous investigators observed that the vascular NADPH oxidase (NOX) was 
linked to the pathological states associated with hypertension and endothelial 
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dysfunction of atherosclerosis [5] [26]. The results of the present study revealed 
that patients with ACS exhibited significantly higher NOX activity compared to 
the controls. It had been reported that heart failure led to an increase in NOX 
activity releasing excessive ROS in the circulation [27]. Therefore, increased ac-
tivity of NOX was clearly associated with the underlying pathogenesis of ACS in 
patients.  

In this study XO activity was found to be significantly higher in both serum 
and erythrocyte of ACS patients compared to controls. Although one study in-
vestigated XO activity in healthy volunteers [28], no study was made in the CVD 
patients. Therefore, the XO activity reported in this study could not be com-
pared with other researches. However, there was an evidence of increased XO 
activity in diabetic rats [29], a lot of research had been going on to reduce CVD 
complications by inhibiting XO activity [30]. 

A reduced nitric oxide (NO) bioavailability, either due to a decrease in NO 
synthesis or an increase in NO utilization owing to locally enhanced production 
of ROS, is a pronounced hallmark of endothelial dysfunction [31]. It has been 
found that NO prevents atherosclerosis by inhibiting platelet aggregation and 
adhesion, inhibiting leukocyte adhesion and migration, and reducing vascular 
smooth muscle proliferation [32]. All major risk factors for atherosclerosis such 
as hyperlipidemia, diabetes, hypertension, and smoking have been found asso-
ciated with reduced NO bioavailability [33]. In the current study, the nitric oxide 
level was significantly lower in the ACS patients, which was consistent with pre-
vious findings [20] [34]. 

Lipid abnormalities or dyslipidemia, including low levels of HDL-C, are asso-
ciated with an increased risk of ACS. In the current study, the ACS patients had 
significantly lower serum HDL-C levels compared to controls. Previous investi-
gators reported a decreased serum HDL-C level to be an independent predictor 
of endothelial dysfunction in atherosclerosis [35]. Since HDL-C is thought to 
exert atheroprotective effects via its action on the endothelium [36], HDL-C 
raising interventions should, therefore, be evaluated as a novel therapeutic strat-
egy in patients with CAD. 

One of the critical findings of this study was a significantly higher Cp levels in 
ACS patients. This observation is consistent with the findings of another study 
in similar patients [15]. An early study by Fox et al. [13] has investigated the role 
of human Cp in oxidative processes because of its function as the principal cop-
per-containing protein in serum. Their study has shown that Cp is a potent cat-
alyst of LDL oxidation in vitro. 

It has been found that the main sources of CVD-ROS are NOX and XO [37]. 
In oxidative stress, they are the ones producing excessive superoxide in ACS pa-
tients. Accordingly, the present study found a significant positive correlation 
between serum XO and NOX activities in ACS patients. This observation sug-
gested that both XO and NOX activities increased in patients synergistically for 
the establishment of oxidative stress, as reported earlier [37]. A similar conclu-
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sion can be drawn from the positive correlations between MPO and RBC lysate 
XO in both ACS patients and control subjects, since MPO is also an enzyme re-
sponsible for catalyzing the formation of ROS. 

A recent study found that a lower antioxidant response was associated with 
atherosclerosis and CAD [38]. Glutathione reductase (GR) is responsible for the 
regeneration of potent antioxidant, glutathione. Therefore, it might be possible 
that GR activity would be lower in ACS patients having impaired antioxidant 
capacity. This study found a significantly decreased activity of GR in the patient 
group which also showed significant negative correlations with both XO and 
NOX, the two main sources of ROS. These observations indicate that lower GR 
activity together with higher oxidase activities simultaneously hinder the balance 
between ROS and antioxidants.  

In this study, a significant positive correlation was found between HDL-C 
and nitric oxide in the controls, suggesting that normal HDL-C from healthy 
subjects activates the production of the anti-atherosclerotic and an-
ti-thrombotic signaling molecule nitric oxide. Interestingly, a significant nega-
tive correlation was found between HDL-C and nitric oxide in ACS patients, 
supporting a previous finding that HDL-C from patients with atherosclerotic 
diseases caused no increase or an actual decrease in endothelial nitric oxide 
[36]. These authors suggested that HDL-C of CAD patients activated endo-
thelial lectin-like oxidized LDL receptor 1, which in turn inhibited endothelial 
nitric oxide synthase-dependent NO production. 

In this study, Cp showed a significant negative correlation with RBC lysate 
XO activity in the control subjects. This observation is in agreement with a study 
by Samokyszyn et al. [39] which suggested that Cp can inhibit XO. According to 
Kennedy et al. [40], Cp can show both pro-oxidant and antioxidant capacity and 
there might be a homeostatic balance between the two states that prevails under 
different conditions. As a pro-oxidant, NO oxidase function of Cp may predo-
minate which promotes nitrative stress and disease progression, while as an an-
tioxidant, Cp can remove free ferrous iron and therefore can reduce a major 
producer of superoxide and hydroxyl radicals. This might also explain another 
observation of this study which revealed a significant positive correlation be-
tween Cp and GR in control subjects. 

5. Summary and Conclusion 

The present study highlighted the extent of oxidative stress due to excessive 
production of ROS by the oxidase enzymes, XO, NOX and MPO. Endothelial 
dysfunction was evident from the decreased NO levels in the ACS patients who 
had low HDL-C. The present study attempted to explain the role of inflamma-
tion in ACS patients by the elevated levels of ceruloplasmin. Finally, the correla-
tions strongly supported the theory of the imbalance created between oxidants 
and antioxidants in favor of oxidants leading to increased oxidative stress in pa-
tients with ACS. 
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Limitations 

One of the limitations of the present study was the small sample size. Due to the 
need to perform the tests on fresh samples, it was not possible to collect and 
store a larger number of samples. Secondly, the mean age of the ACS patients 
was significantly higher than the control subjects.  
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