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Coronary Artery Disease

Determination of Prooxidant–Antioxidant
Balance After Acute Coronary Syndrome
Using a Rapid Assay: A Pilot Study

Majid Ghayour-Mobarhan, MD, PhD, Daryoush Hamidi Alamdari, PhD,
Mohsen Moohebati, MD, Amirhossein Sahebkar, PharmD,
Mohsen Nematy, MD, PhD, Mohammad Safarian, MD, PhD,
Mohsen Azimi-Nezhad, MD, Seyyed Mohammad Reza Parizadeh, PhD,
Shima Tavallaie, MSc, George Koliakos, PhD, and Gordon Ferns, MD, DSc

The purpose of the current study was to investigate a
novel measure of oxidative stress in patients with acute
coronary syndrome (ACS) using a pro-oxidant–antioxi-
dant balance (PAB) assay, which is simple and rapid.
Blood samples were taken from 94 patients admitted
with ACS. Pro-oxidant–antioxidant balance values
were determined in the first and second 12 hours after
the onset of symptoms and compared with values for
81 age- and sex-matched controls. The mean PAB
values in the first and second 12-hour samples of
patients were both significantly higher than that of

controls (P < .001). Among patients, PAB values were
also significantly higher in the second samples com-
pared with the first samples (P < .001). These findings
indicate a heightened state of oxidative stress following
ACS and suggest that the PAB value may be considered
as a cardiovascular risk predictor to estimate the extent
of oxidative stress.

Keywords: acute coronary syndrome; pro-oxidant–
antioxidant balance; coronary artery disease; oxidative
stress; cardiovascular risk factor

Introduction

Oxidative stress is usually associated with an
increased formation of reactive oxygen species
(ROS) that are thought to play a role in the patho-
physiology of cardiovascular disease (CVD). Cardio-
vascular disease is the leading cause of death and
disability in the world.1 Acute coronary syndrome

(ACS), as the most critical event in cardiovascular
disorders, is a spectrum of conditions ranging from
angina to myocardial infarction (MI) and most com-
monly arises as a consequence of myocardial ische-
mia due to coronary artery occlusion.

Reactive oxygen species play an important role in
the pathophysiological processes accompanying
ischemia. The action of ROS and the ensuing forma-
tion of derivatives, such as peroxynitrite and lipid
peroxides, exhaust the antioxidant capacity in tis-
sues2 while causing structural damage and loss of
high-energy phosphates in the myocardium.3,4 Oxi-
dative stress is also considered to be a common final
pathway for several CVD risk factors5 and evidence
supports a role of oxidative stress in atherogenesis.6,7

Recently, oxidative stress8,9 and inflammation10,11

have been considered as significant risk factors for
CVD.5 Oxidative stress is due to an imbalance
between the production of pro-oxidants and anti-
oxidant defenses and plays a vital role in the
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pathogenesis of coronary atherosclerosis and its
complications. Reactive oxygen species may lead to
the modification of a number of molecules including
the oxidation of low-density lipoprotein (LDL), and
this may lead to endothelial dysfunction, increased
vascular smooth muscle cell growth, and monocyte
migration and activation,12-14 all of which are
involved in atherogenesis and plaque destabilization.
The hypothesis that pro-oxidant mechanisms are
involved in atherosclerosis is supported by recent
data that suggest that markers of oxidative stress may
have prognostic significance in ACS.15

We have recently applied a method,16 which can
measure the balance of oxidants and antioxidants
simultaneously, by using 3,30,5,50-tetramethylbenzi-
dine (TMB) and 2 different kinds of reactions—an
enzymatic reaction where the chromogen TMB is
oxidized to a colored cation by peroxides, and a
chemical reaction in which the colored TMB cation
is reduced to a colorless compound by antioxidants.
A redox index is thereby obtained from these 2 reac-
tions. The assay has been calibrated against the most
significant known oxidants and antioxidants, and its
response has been found to be a linear decrease
against antioxidants and a linear increase against oxi-
dants. The method was also validated in depth by
other known oxidative stress markers.16

In this study, we aimed to determine the pro-
oxidant–antioxidant balance (PAB) by means of a
modified PAB assay17 in the first and second 12-hour
post ACS to investigate the appearance of extent of
oxidative stress in these patients.

Materials and Methods

Participants

A total of 94 patients (62 males, 32 females, mean
age: 58.67 + 1.49 years) with ACS were recruited.
They attended the accident and emergency centre
with chest pain within the preceding 12 hours and
were subsequently admitted to the Coronary Care
Unit of Qaem Hospital, Mashad, Iran. They were
recruited between April 2006 and January 2007. The
presence of a MI or unstable angina was determined,
according to the World Health Organization (WHO)
criteria using electrocardiogram (ECG), echocardio-
graphy, and serum troponin I positivity. Blood sam-
ples were taken from each patient for analysis, on
admission and 12 hours from the onset of chest
pain. Eighty-one age- and sex-matched healthy

participants without a history of coronary heart
disease (CHD), who were referred to the Mashhad
Central Laboratory for a routine checkup, (64 males,
17 females, mean age: 54.86 + 0.99 years), were
recruited as the control group. Each participant
gave written consent to participate in the study,
which had previously been approved by the Mashhad
University of Medical Sciences’ research ethics
committee.

Anthropometric and other measurements. For all
participants, anthropometric parameters including
weight, height, and waist circumference were mea-
sured using a standard protocol. Waist circumfer-
ence was measured at the level of the umbilicus
(midway between the lower rib margin and the iliac
crest). Participants were asked to breathe normally
and to breathe out gently at the time of the measure-
ment. The hip circumference measurement was
taken at the point yielding the maximum circumfer-
ence over the buttocks. Height, body weight, waist,
and hip circumference were measured with the
participants dressed in light clothing after an over-
night fast. The body weight of each participant was
measured with a standard scale to an accuracy of
+0.1 kg, and height was measured to an accuracy
of +0.1 cm. Blood pressure was measured twice,
while the patients were seated and rested for 15 min-
utes, using a standard mercury sphygmomanometer
calibrated by the Iranian Institute of Standards and
Industrial Research. The interval between each
blood pressure measurement was at least 30 min-
utes, and the average of the 2 measurements was
taken as the blood pressure. The systolic blood pres-
sure was defined as the appearance of the first sound
(Korotkoff phase 1), and the diastolic blood pressure
was defined as the disappearance of the sound
(Korotkoff phase 5) during deflating of the cuff. The
body mass index (BMI) was calculated as weight
(kg) divided by height (m2).

Blood sampling. Venous blood samples were col-
lected from each patient on hospital admission, and
approximately 12 hours later, and for the control
group, a blood sample was taken on the day of labora-
tory sampling after a 12-hour fast. Following vene-
puncture, blood samples were collected into
Vacutainer tubes and centrifuged at 10 000 g for
15 minutes at 4�C. After separation, aliquots of
serum were frozen at �80�C until analysis.
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Lipid profiles and blood glucose. A full 12-hour fast-
ing lipid profile comprising total cholesterol, triglycer-
ides, low-density lipoprotein cholesterol (LDL-C),
and high-density lipoprotein cholesterol (HDL-C)
was determined for each patient. Serum lipids
(including a direct LDL-C estimation) and fasting
blood glucose concentrations were measured enzyma-
tically using commercial kits.

Chemicals

The chemicals used were TMB powder (TMB,
Fluka), peroxidase enzyme (Applichem: 230 U/mg,
A3791,0005, Darmstadt, Germany), chloramine T
trihydrate (Applichem: A4331), hydrogen peroxide
(30%; Merck). All the other reagents used were
reagent grade and were prepared in double-distilled
water.

PAB Assay

A modified PAB was applied based on a previously
described method.16,17 The standard solutions were
prepared by mixing varying proportions (0%-100%)
of 250 mmol/L hydrogen peroxide with 3 mmol/L
uric acid (in 10 mmol/L NaOH). Sixty milligrams
of TMB powder was dissolved in 10-mL dimethyl
sulfoxide (DMSO); for preparation of TMB cation,
400 mL of TMB/DMSO was added in 20 mL of acet-
ate buffer (0.05 M buffer, pH 4.5), and then 70 mL
of fresh chloramine T (100 mmol/L) solution was
added into this 20 mL, mixed well, incubated for 2
hours at room temperature in a dark place; 25 U of
peroxidase enzyme solution was added into 20 mL
TMB cation, dispensed in 1 mL and put at �20�C;
to prepare the TMB solution, 200 mL of TMB/
DMSO was added into 10 mL of acetate buffer
(0.05 M buffer, pH 5.8); the working solution was
prepared by mixing 1 mL TMB cation with 10 mL
of TMB solution, incubated for 2 minutes at room
temperature in a dark place and immediately used.
Ten microliters of each sample, standard or blank
(distilled water), were mixed with 200 mL of working
solution, in each well of a 96-well plate, which was
then incubated in a dark place at 37�C for 12 min-
utes; at the end of the incubation time, 100 mL of
2 N HCl was added to each well and measured in
an enzyme-linked immunosorbent assay (ELISA)
reader at 450 nm with a reference wavelength of
620 or 570 nm. A standard curve was provided from
optical density (OD) of standard samples against the

percentage of hydrogen peroxide. The values of the
PAB are expressed in arbitrary HK units, which are
the percentage of hydrogen peroxide in the standard
solution. The values of the unknown samples were
then calculated based on the values obtained from
the above standard curve.

For the determination of the precision of the
modified PAB method, the intra- and interassay
coefficients of variation (%CV) were determined.
The %CV of the intraassay for 28 samples analyzed
in triplicate was between 1.4% and 3.5%, with a
mean of 2.1%. The %CV of the interassay for 20
samples, analyzed over 3 days, was between 4.1%
and 8.5%, with a mean of 6.1%. Serum PAB was not
affected by storage at 4�C for 1 day or at�20�C for 1
week or at �80�C for 3 months. Three times of repe-
titive freezing and thawing did not change the PAB
value of serum samples (for 20 samples).

Statistical Analysis

All statistical analyses were performed with SPSS
software (version 11.5). Values were expressed as
mean + SD or, in the case of nonnormally distribu-
ted data, as median and interquartile range. The
group comparisons were assessed by the t test (for
normally distributed data) or Mann-Whitney test
(for nonnormally distributed data). Parametric and
nonparametric correlations were assessed using
Pearson correlation coefficients and Spearman cor-
relation coefficients, respectively. For comparison
between 2 related samples, the paired sample t test
was used. A 2-sided P value of <.05 was considered
significant.

Results

Demographic Data

There was a high frequency of a previous history of
CHD (44%), hyperlipidemia (27%), hypertension
(47%), diabetes mellitus (25%), and smoking habit
(39%) in the patient group, and this was significantly
higher than that of the control group (P < .05).
Serum triglycerides, total cholesterol, LDL-C, fasting
blood glucose, BMI, waist:hip ratio, systolic blood
pressure, and diastolic blood pressure were also sig-
nificantly higher in patients compared with controls,
as expected. The mean age and the proportion of
females in the groups (34% of patients compared
with 17% of healthy participants) did not differ
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significantly (P > .05). The demographic data for the
patients and controls are presented in Table 1.

PAB Assay

The mean PAB value of the control group was 44.0 +
28.1 (HK unit) and those for patients in the first
and second 12-hour post ACS were 132.4 + 71.07
(HK unit) and 147.0 + 74.3 (HK unit), respectively
(Figure 1). The PAB values for the healthy controls
were significantly lower than that of patients with
ACS (P < .001; Figure 1), both in the first and second
12-hour post ACS. Besides, in the patients group,
PAB values were significantly higher in the second
12-hour samples compared with the first 12-hour
samples (P < .001; Figure 1).

Correlation between CHD risk factors and PAB
values. Univariate analysis between PAB values
and individual coronary risk factors showed that PAB
values were not significantly associated with any of

the conventional risk factors, whether in the control
group or patients with ACS (P > .05; Table 2).

Discussion

Despite the advent of many diverse methods for the
estimation of oxidative stress as a leading factor in
the pathogenesis of CVD, still there is no consensus
on a universally accepted method to be used as a rou-
tine clinical practice. This is due to the nature of the
methods, which measure the total pro-oxidant and
antioxidant capacities separately and are therefore
laborious, time consuming, costly, and imprecise.
We have recently used a simple, rapid, and cheap
method (the PAB assay), which can measure the
pro-oxidant burden and the antioxidant capacity in
1 assay, giving a redox index.16

In the current study, a PAB method that further
simplifies the test without compromising its valid-
ity17 was applied to patients with ACS as compared
with healthy control participants. The results
revealed a significant increase of the PAB value in
patients compared with the controls, both in the first
and second 12-hour post ACS. This marked eleva-
tion in PAB values is a sign of ongoing and persistent
oxidative stress after ACS. Recently, Nikolic-Heitzler
also reported oxidative stress after MI in the conva-
lescence period following percutaneous coronary
intervention (PCI).18

Previously, it was reported that heart specimens
from diabetic patients with ACS undergoing aortic
bypass contained higher levels of superoxide anion
and nitrotyrosine in ischemic areas compared to
nonischemic areas.19 Moreover, patients with MI

Table 1. Comparison of Clinical and Biochemical
Characteristics of Patients and Controlsa

Group Controls ACS Patients

N 81 94
Female (%) 21 34
Smoker (%) 14 39**

CHD (%) 0 44***

Diabetic (%) 6 25*

Hyperlipidemic (%) 11 27*

Hypertensive (%) 10 47***

Age (years) 54.9 + 9.0 58.7 + 13.3
BMI (kg/m2) 27.0 + 4.2 26.7 + 4.2
Waist:hip ratio 0.9 + 0.1 1.1 + 0.2***

Fasting blood sugar
(mmol/L)

5.6 + 1.2 8.4 + 5.7**

Total cholesterol (mmol/L) 4.6 + 1.1 5.8 + 1.3***

Triglycerides (mmol/L) 1.1 (0.8-1.7) 1.6 (1.0-2.0)**

HDL-C (mmol/L) 1.3 + 0.1 1.2 + 0.2***

LDL-C (mmol/L) 2.7 + 0.7 3.6 + 1.0***

Systolic blood pressure
(mm Hg)

122.8 + 10.8 131.6 + 28.9***

Diastolic blood pressure
(mm Hg)

77.0 + 9.4 83.7 + 19.7***

NOTES: ACS¼ acute coronary syndrome; HDL-C¼ high-density
lipoprotein cholesterol; LDL-C ¼ low-density lipoprotein cho-
lesterol; BMI¼body mass index; CHD¼ coronary heart disease.
a Values are expressed as mean+ SD, or median and interquartile
range.
*P < .05, **P < .01, ***P < .001.
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Figure 1. The PAB value of control group and patients with
ACS. *** indicates significant difference (P < .001) between
the PAB value of the control group and patients with ACS.
þþþ indicates significant difference (P < .001) between the
PAB value of patients with ACS in the first and second 12-hour
samples. PAB ¼ pro-oxidant–antioxidant balance; ACS ¼ acute
coronary syndrome.

660 Angiology / Vol. 60, No. 6, December 2009

 at CORNELL UNIV on November 14, 2014ang.sagepub.comDownloaded from 

http://ang.sagepub.com/


have been shown to have decreased activities of anti-
oxidant enzymes such as glutathione peroxidase, cat-
alase, and superoxide dismutase (SOD), which are
initiators of the scavenging of lipid peroxide and
superoxide radicals.20 Consistent with the latter
finding, the level of malonyl dialdehyde (MDA)—as
an end product and marker of lipid peroxidation—
was reported to increase significantly in patients with
MI,21 coronary artery disease (CAD),22-24 or athero-
sclerosis25,26 compared with healthy individuals.
Besides, it has been reported that the level of
nitrite/nitrate—another marker of oxidative stress—
is elevated in patients with MI.21,27 The high levels
of MDA and nitrite/nitrate in patients with MI com-
pared with healthy participants indicate a role for
ROS in the pathogenesis of the disease as confirmed
in a recent study in which ROS were shown to act as
mediators of tissue injury in cases with acute MI.28

The total antioxidant status levels have also been
reported to be significantly decreased after ischemia
in patients with MI, CAD, and peripheral arterial
disease, and this decrease was proposed as a risk fac-
tor for CHD.18,21,29,30 All of the mentioned studies
jointly support the hypothesis that oxidative stress
can be used as a significant risk predictor in the
CVDs.

The lack of significant correlation between PAB
values and individual coronary risk factors in our sur-
vey is concordant with previous studies in which oxi-
dative stress was an independent risk factor for
cardiovascular events and cardiac death.31,32 In our
previous study, using the same method, we reported
a significant increase in PAB value in patients with

angiographically defined CAD and proposed that the
PAB value may be a cardiovascular risk factor.17

The main limitation of the current study was that
the 2 groups were not well matched with respect to
some of their characteristics, especially in their base-
line serum lipid levels. Therefore, further studies are
required to validate the findings of the current study
in more homogenous participants and more closely
matched groups.

In conclusion, our findings in patients with ACS
further validates the application of PAB assay as an
independent risk predictor for cardiovascular events
including ACS, which allows early and appropriate
interventions to prevent the progression of CVDs.
Furthemore, this assay could be useful for assessing
the effect of treatment (eg, statins) on PAB in ACS
and other related circumstances. Finally, the easy,
rapid, and cheap procedure of PAB assay is another
advantage for its use as a routine clinical laboratory
test along with other risk factors to estimate the
extent of oxidative stress in high-risk groups and to
identify participants who need antioxidant therapy.
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