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Relationship between oxidative stress markers and cardiac syndrome X

Oksidatif stres belirtegleri ile kardiyak sendrom X arasindaki iliski

Durmus Yildiray Sahin, Zafer Elbasan, Mustafa Giir, Caner Tiirkoglu, Betiil Ozaltun, Zehra Siimbiil, Murat Cayl

Numune Education and Research Hospital, Dept. Cardiology, Adana, Turkey

ABSTRACT

Objectives: To investigate the alterations of oxidative
and antioxidative status in patients with cardiac syndrome
X (CSX).

Materials and methods: Thirty-three patients with CSX
(CSX group), 27 patients without CSX (NSX) and 20
healthy volunteers as control group were included into
the study. Oxidative status of serum was evaluated by
measuring total oxidant status (TOS), lipid hydroperoxide
levels (LOOH) and oxidative stress index (OSlI) of serum,
and antioxidative status of serum was evaluated by mea-
suring total antioxidant capacity (TAC). Also, hsCRP and
other biochemical markers were measured in all subjects.

Results: The oxidants (TOS, LOOH and OSI) and CRP
levels were higher, and TAC was lower in the patients with
CSX than NSX group and control group. Also, the oxi-
dants (TOS, LOOH and OSlI) and hsCRP levels, a marker
of chronic inflammation, were higher, and TAC was lower
in the patients with NSX than control group. In addition,
in patients with CSX, a significant positive correlation (3
=0.606, p<0.001) was found between the OSI level and
ST depression.

Conclusion: Oxidants increased and antioxidants de-
creased, namely oxidative/antioxidative balance shifted
to oxidative stress in patients with CSX. Thus, oxidative
stress may have a role in the etiopathogenesis of the dis-
ease. J Clin Exp Invest 2012; 3(2): 174-180

Key words: Oxidative stress, oxidant, antioxidant, car-
diac syndrome X

INTRODUCTION

Cardiac syndrome X (CSX) is a clinical entity char-
acterized by typical chest pain that is often pro-
longed in duration, normal coronary arteries as
assessed by coronary angiography, non-inducible
coronary vasospasm with ergonovine provocation
and ST segment depression on treadmill exercise
testing.™® Patients with CSX represent a hetero-
geneous syndrome, which encompasses different

OzZET

Amag: Biz bu galismada kardiyak sendrom X'li (CSX)
hastalarda oksidatif ve antioksidatif durumlardaki degisi-
mi arastirdik.

Gereg ve yontem: Calismamiza 33 CSXli hasta, 27 CSX
tanisi olmayan (NSX) hasta ve kontrol grubu olarak 20
saglikh gondlliyl dahil ettik. Serumun oksidatif durumu
total oksidan durum (TOS), lipid hidroperoksid seviyesi
(LOOH) ve serum oksidatif stres indeksi élgiilerek (OSIi)
degerlendirildi. Serumun antioksidatif durumu ise total an-
tioksidan kapasite (TAC) olgllerek degerlendirildi. Ayrica
tim vakalarda hsCRP ve diger biyokimyasal belirtecler
Olgulda.

Bulgular: CSX grubunda NSX ve kontrol grubuna gére
oksidan seviyeleri (TOS, LOOH ve OSI) ve CRP seviye-
leri daha ylUksekken, TAC seviyeleri daha dusuk bulundu.
Ayrica NSX grubunda kontrol grubuna gére oksidanlar
(TOS, LOOH ve OSI) ve kronik enflamasyonun bir belir-
teci olan hsCRP seviyeleri daha yiksekken TAC seviye-
leri daha dlsUk olarak saptandi. Bunlara ek olarak CSX'li
hastalarda OSi seviyesi ve ST depresyonu arasinda ista-
tistiksel olarak anlamli bir korelasyon mevcuttu (r; 0.784,
3 =0,606, p<0,001).

Sonug: CSX'li hastalarda oksidanlarda artis antioksidan-
larda duisUs yani oksidatif -antioksidatif dengede oksidatif
stres yonline kayis gorilmektedir. Bundan dolayi oksidatif
stres bu sendromun patogenezinde rol oynayan bir faktor
olabilir.

Anahtar kelimeler: Oksidatif stres, oksidan, antioksidan,
kardiyak sendrom X.

pathogenic mechanisms. Microvascular damage of
coronary bed has been considered the main patho-
genesis factor and it may induce the onset of CSX
eventually associated with other metabolic and he-
modynamic parameters. An impaired endothelium
depending on the dilation of the coronary resistance
vessels has also been found in these patients, and
supposed to play an important role.*® Microvascular
dysfunction, which is the main pathogenesis factor
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in CSX, is associated with oxidative stress or pro-
inflammatory cytokine levels.”® Also, patients with
CSX include many conditions concerned with oxi-
dative stress such as ischemia,®'®inflammation, "2
endothelial dysfunction' and depression.™

Reactive oxygen species are produced in
metabolic and physiological processes, and harm-
ful oxidative reactions may occur in organisms that
remove them via enzymatic and non-enzymatic an-
tioxidative mechanisms. Increases in oxidants and
decreases in antioxidants cannot be prevented, and
the oxidative/antioxidative balance shifts towards
the oxidative status, which has been implicated in
over 100 disorders, develops." Clinical and experi-
mental studies have shown that oxidative stress and
lipid peroxidation are involved in pathogenesis of
atherosclerosis.'® Also, previous studies have dem-
onstrated that antioxidant therapy has beneficial ef-
fects on atherosclerosis progression,'” but there are
some trials that have demonstrated opposite find-
ings."®'® However, in CSX, effect of oxidative status
and antioxidant therapy has not been assessed in
detail so far.

There is only one published data investigat-
ing the relationship between CSX with oxidative
stress.™ However, in that study, oxidative and an-
tioxidative balance was not completely investigated
in patients with CSX, only total antioxidant capacity
(TAC) was investigated, and other indicator param-
eters such as oxidative stress index (OSlI), total oxi-
dant status (TOS), and lipid hydroperoxide (LOOH)
levels had not been investigated. On the other hand,
there is no published data indicating whether there
is a relationship between exercise ST depression
and oxidative stress parameters.

In this study, oxidative and antioxidative status
and their relationships with exercise ST depression
and high sensitive CRP (hsCRP) levels were in-
vestigated in patients with CSX and compared with
NSX patients and healthy controls.

MATERIALS AND METHODS

Subjects

Three groups of subjects, matched for gender and
age, were studied. The first group consisted of 33
consecutive patients with cardiac CSX (CSX group)
who had: a diagnosis of typical CSX (i.e., typical ef-
fort angina, ST segment depression during exercise
stress test, totally smooth coronary arteries at angi-
ography). The second group (Non SX group= NSX)
consisted of 27 consecutive patients, similar in gen-
der and age to the SX group, who had experienced
atypical chest discomfort, negative treadmill tests

and normal coronary angiograms, and whom they
were evidenced no signs of vasospastic angina.
The third group consisted of 20 healthy volunteers
(control group). These subjects were enrolled from
the nonmedical staff of our hospital or their relatives
and were selected to match the CSX group by gen-
der and age. For inclusion into the control group,
subjects had to have no known coronary risk fac-
tor and cardiac symptoms, and should have normal
electrocardiographic and echocardiographic exami-
nations, and negative exercise stress tests. Coro-
nary angiography was not performed in this group.

Exclusion criteria were the presence of neo-
plastic disease, recent major surgical procedure, di-
uretic, antioxidant drugs, niacin and statins, vitamin
and alcohol use, smoking, concomitant inflamma-
tory diseases such as infections and autoimmune
disorders, and liver or kidney disease. Patients suf-
fering from organic coronary artery disease (CAD),
vasospastic angina, heart failure, hypertensive
heart disease with left ventricular hypertrophy, val-
vular heart disease, idiopathic hypertrophic and di-
lated cardiomyopathy were also excluded from the
study. The Local Ethics Committee approved the
study protocol. Informed consent for participation in
the study was obtained from all individuals.

Baseline definitions and measurements

The criteria for CSX included the typical exertional
chest pain, a positive treadmill exercise test, and a
normal coronary angiogram. None of the patients
exhibited any irregularities on coronary angiograms.
Typical angina pectoris was defined as an exercise-
induced retrosternal chest pain, which could be re-
lieved by either rest or the sublingual administration
of nitroglycerin. Hypertension (HT) was defined as
a diastolic blood pressure 290 mmHg, systolic blood
pressure 2140 mmHg or self-reported use of an an-
tihypertensive drug. Diabetes mellitus (DM) was
diagnosed if the fasting plasma glucose concentra-
tion was =126 mg/dl on two separate occasions or if
the patient was treated with insulin or oral hypogly-
cemic agents. A family history of CAD was defined
as a history of sudden death, myocardial infarction,
coronary angioplasty or coronary artery bypass
graft surgery in a first-degree male relative younger
than 55 years old or a female relative younger than
65 years old. Body mass index (BMI) was computed
as weight divided by height squared (kg/m?).

Plasma triglyceride, total cholesterol, low den-
sity lipoprotein (LDL), high density lipoprotein (HDL)
concentrations and fasting glucose were measured
by automated chemistry analyzer (Abbott, Aeroset)
by using commercial kits (Abbott, USA). The plasma
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levels of hsCRP were measured immediately on the
otoanalyser (Aeroset, Abbott) by spectrophotomet-
ric commercial kit (Scil Diagnostics GmbH, USA).

Blood sampling protocol

Peripheral venous blood samples were taken into
tubes in the fasting state in all subjects. Blood sam-
ples were centrifuged at 3000 rpm for 10 min, and
serum was separated. The samples were run imme-
diately or stored (for oxidative stress parameters) at
-80°C until analysis.

Treadmill exercise stress testing

All treadmill exercise tests were conducted in the
morning (CASE Marquette 12, Marquette Electron-
ics, Milwaukee, WI, USA). Three ECG leads (V2,
V5 and aVF) were continuously monitored during
these tests. Bruce protocol was used during tests. A
standard 12-lead ECG was printed, and blood pres-
sure was measured (via cuff sphygmomanometer)
at baseline, at the end of each stage, and at peak
exercise, as well as at the onset of chest pain and/
or significant ST segment depression. Total exer-
cise times were recorded in all cases. Electrocardio-
graphic recovery was also continuously monitored,
until the depressed ST segment returned to base-
line levels. A positive treadmill test was defined by
the occurrence of ischemic ST segment depression
(21.0 mm horizontal or downsloping depression at
80 ms from the J point) during treadmill exercise, as
measured by several leads on the ECG (usually I,
[ll, aVF, V3-6). ST depression at peak exercise was
determined in the electrocardiographic lead that
demonstrated maximal depression versus baseline.
This was automatically measured at 80 ms after the
J point by treadmill automated measurement meth-
od.

Assessment of coronary arteries by coronary
angiography

In all individuals in the groups of CSX and NSX,
coronary angiography was performed by using
the Siemens Angioscop X-ray (Siemens Artis zee,
Siemens Healtcare, Muenchen, Germany) and us-
ing standard Judkins technique. Angiograms were
performed for the investigation of ischemic heart
disease based on clinical indications (typical and
atypical chest discomfort or abnormal stress test
result). Two experienced cardiologists, unaware of
the patients’ clinical characteristics and biochemical
results, reviewed all the angiographic images.

Measurement of total antioxidant capacity (TAC)

TAC of serum, taken before and 5-10 minute after
the angiography procedure was determined using a

novel automated measurement method, developed
by Erel.?22 |n this method, hydroxyl radical, which
is the most potent biological radical, is produced.
In the assay, ferrous ion solution, which is present
in the Reagent 1, is mixed by hydrogen peroxide,
which is present in the Reagent 2. The sequential
produced radicals such as brown colored dianisidi-
nyl radical cation, produced by the hydroxyl radical,
are also potent radicals. In this assay, antioxidative
effect of the sample against the potent free radical
reactions, which is initiated by the produced hydrox-
yl radical, is measured. The assay has got excel-
lent precision values, which are lower than 3%. The
results are expressed as mmol Trolox equivalent/l.

Measurement of total oxidant status (TOS)

TOS values of the samples were measured by a
most recently developed automated method.? In
this method, hydrophylic and lipophylic oxidants
oxidize ferrous ion to ferric ion.?* The oxidation reac-
tion is enhanced by using glycerol and the produced
ferric ion makes a stable colored complex with xyle-
nol orange, a ferric dye. Hydrogen peroxide solution
is used as assay standards. The assay has got an
excellent CV% values, less than 3%.

Measurement of lipid hydroperoxide

Lipid hydroperoxide level of serum was measured
an automated method by using xylenol orange.?®
The method is based on a known principle of the
oxidation of Fe Il to Fe Ill by lipid hydroperoxides,
under acidic conditions.

Oxidative stress index

The percent ratio of the TOS to the TAC gave the
OSI, an indicator of the degree of oxidative stress
[(TOS/TAC) x100].2" 2226

Statistical analyses

Results are presented as mean + SD or frequency
expressed as a percent. Categorical variables were
compared by using chi-square test. Comparison
among multiple groups was performed by one-
way analysis of variance (ANOVA) with LSD post
hoc test for continuous variables. Associations of
OSI with demographical, clinical and electrocar-
diographic parameter were assessed by Pearson
correlation coefficient. A 2-tailed p value <0.05 was
considered statistically significant. Independent re-
lationships of OSI level were assessed by multiple
linear regression analysis. Standardized [ regres-
sion coefficients and their significance from multiple
linear regression analysis were also reported.
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RESULTS

The baseline characteristics of the groups are sum-
marized in Table 1. Age, gender, BMI, plasma tri-
glyceride, total cholesterol and LDL cholesterol
concentrations, systolic and diastolic blood pres-
sure were similar in all groups (p>0.05 for all). The
presentation of conventional risk factors (family his-
tory, gender, hypertension, DM) in the CSX group
was similar to NSX group (p>0.05 for all). Fasting
glucose and HDL cholesterol were similar in CSX
and NSX (p>0.05 for both). But, fasting glucose and
HDL cholesterol levels of both CSX and NSX group

were different from the control group. Mean CRP
level of CSX group was higher than both NSX and
control group. Also, mean CRP level of NSX group
was higher than control group. The mean TOS lev-
els, LOOH levels and OSl levels of CSX group were
higher when compared with both NSX and control
groups. The mean TOS level and OSI level of NSX
group were higher than control group. LOOH levels
were similar in both NSX and control groups. Also,
mean TAC level of CSX group was lower when
compared with both NSX and control groups. Mean
TAC level of NSX group was lower than the control

group.

Table 1. Comparison of demographic, clinical and oxidative characteristics of groups

Controls (n=20)

CSX group (n=33)

NSX group (n=27) p value Chi square

Male/female 6/14 10/23 8/19 0.975
Hypertension - 12 10 0.584
DM - 1 7 0.369
Family history - 5 4 0.630
Aspirin use - 33 25 0.192
Nitrate use - 14 11 0.591
B-blocking use - 13 11 0.525
ACE inhibitor use - 7 6 0.560
Oral hypoglycemic agent - 6 5 0.594
Anova p
Age (years) 47947 47055 487 +45 0.472
SBP (mmHg) 13777 122.2+20.6 1229+ 16.7 0.237
DBP (mmHg) 722+7.3 76.7 + 14.6 77.7+13.2 0.197
Body mass index (kg/m?) 27119 26.8+24 26.8+2.6 0.385
HsCRP (mg/dl) 0.38+0.15 1.06 £ 0.3** 0.71+0.31 <0.001
Triglyceride (mg/dl) 147.9 £14.7 155.1 £ 43.6 135.9+43.0 0.098
Total cholesterol (mg/dl) 174.1£22.3 188.8 + 46.8 180.1+£44.8 0.385
LDL (mg/dl) 102.8+34 122.1+38.2 116.8 £ 36.1 0.185
HDL (mg/dl) 41.7+3.6™ 356+7.6 354+6.0 0.001
Fasting glucose 85.3+7.9% 102.5+14.5 96.9+11.3 0.007
TOS (umol H,0, Equiv./L) 6.40 £ 1.09% 11.29 £ 3.79%# 8.29+2.03 <0.001
TAC (mmol Trolox Equiv. /L) 1.58 £ 0.07f 1.26 £ 0.131f 1.51£0.08 <0.001
LOOH (pmol tBLOOHY/L) 4.20 £ 0.6111t 6.58 + 1.611 4.70 £0.99 <0.001
OSI (Arbitrary Unit) 414 £0.76 9.05 + 3.26 5.49 +1.33 <0.001

vtBLOOH= terty buthyl hydroperoxide, BMI=Body mass index, DBP=diastolic blood pressure, DM=Diabetes mellitus,
HDL=high density lipoprotein, hsCRP=high sensitive ¢ reactive protein, LDL=low density lipoprotein, SBP=systolic
blood pressure, TOS=total oxidant status, TAC=total antioxidant capacity, OSI=Oxidative Stress Index, p=significance.

'p<0.001 vs. SX and NSX, “p<0.001 vs. NSX, “'p=0.001 vs. SX and NSX, #p<0.001 vs. SX, p=0.002 vs. NSX, # p<0.001
vs. SX, p=0.022 vs. NSX, ## p<0.001 vs. NSX, tp<0.001 vs. SX, p=0.041 vs. NSX, ™ p<0.001 vs. NSX, T7p<0.001 vs.

SX, p<0.001 vs. NSX, p<0.001 vs. SX, p=0.048 vs. NSX, p<0.001 vs. NSX
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Cardiac syndrome X and NSX groups did not
differ with regard to baseline medications taken be-
fore entry into the study, which included aspirin, ni-
trate, beta-blocking agents, angiotensin-converting-
enzyme inhibitors and oral hypoglycemic agents
(p>0.05 for all).

In the CSX group (n=33), there were signifi-
cant correlation between OSI with age (p=0.012),
diastolic blood pressure (p=0.03), hsCRP (r; 0.693,
p<0.001) and the magnitude of ST depression (r;
0.784, p<0.001) (Table 2). In multiple linear regres-
sion analysis, which was performed by including
the variables significantly correlated with OSI in
bivariate correlation, OS| was independently cor-
related only with the magnitude of ST depression
(R =0.606, p< 0.001) [Table 2]. Correlation between
OSI with the magnitude of ST depression was dem-
onstrated in Figure 1.

3.0

o n=33
r=0.784
p=<0.001

Magnitude of ST depression, mm

1.0

12
Oxidative stress index

Figure 1. Relationship between oxidative stress index
with the magnitude of ST depression

16

Table 2. Bivariate and multivariate relationships of the OSI to demographic, clinical, electrocardiographic and biochemi-

cal parameters in patients with CSX

OSI (Oxidative stress index)

Pearson correlation coefficient

Age 0.432
Body mass index (kg/m?) 0.431
Triglyceride (mg/dl) 0.001
Total cholesterol (mg/dl)  0.008
HDL (mg/dl) 0.071
LDL (mg/dl) 0.005
Fasting glucose 0.250
HsCRP (mg/dl) 0.693
ST depression (mm) 0.784
SBP (mmHg) 0.141
DBP (mmHg) 0.378

p value Standardized B regression coefficients® p value
0.012 0.118 0.300
0.012 0.088 0.400
0.996 -

0.996 -

0.693 -

0.979 -

0.161 -

<0.001 0.198 0.126
<0.001 0.606 <0.001
0.434 -

0.030 0.200 0.265

DBP, diastolic blood pressure; hsCRP, high sensitive ¢ reactive protein; SBP, systolic blood pressure; Abbreviations as

in Table; @ From multiple linear regression.

DISCUSSION

The main findings of the study are the following;' the
oxidative stress parameters (TOS, LOOH and OSI)
of the CSX group were significantly higher than both
NSX and control groups,? TAC of the CSX group
was significantly lower than both NSX and control
groups,® hsCRP levels of the CSX group were sig-

nificantly higher than both NSX and control groups,*
there was a significant correlation between OSI with
the magnitude of ST depression in multiple linear
regression analysis.

The causes of increased oxidative stress may
be various in patients with CSX. Presence of isch-
emia was proved in patients with CSX.%'® Cannon
et al.® concluded that the pain and symptoms ex-
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perienced by patients with CSX were caused by
myocardial ischemia, resulting from coronary mi-
crovascular dysfunction or microvascular angina.
Abnormal subendocardial perfusion in CSX detect-
ed by cardiovascular magnetic resonance imaging
seemed to support the presence of myocardial isch-
emia in patients with CSX.'° Previous studies have
suggested that repeated ischemia episodes and/or
the atherosclerotic process might cause a persis-
tent enhancement of reactive oxygen species gen-
eration by locally activated vascular cells.?”?¢ Qur
obtained results concerned with increased oxidative
stress, in patients with CSX, may be related with the
mentioned mechanism.

Subendocardial ischemia classically results
in ST segment depression and T wave inversion.
Thus, ST segment depression is related to isch-
emia. On the other hand, it has been shown that
ischemia leads to increased oxidative stress.?”?¢ In
our study, we found that there was a positive signifi-
cant correlation between OSI with ST depression.

C-reactive protein, a marker of chronic inflam-
mation, has been related to the inflammation that
is seen in CSX."12 A systemic inflammation is also
related to increased oxidative stress. In our study,
hsCRP increased in patients with CSX compared
with control group and NSX group. Increased chron-
ic inflammation, which was reflected by hsCRP,
might be a cause of increased oxidative stress in
this patient group. In our study, also, there was an
association between CRP and OSI levels in bivari-
ate analysis.

Lekakis et al.”® found that flow-mediated dila-
tation was significantly lower in patients with CSX
and those with coronary heart disease in compari-
son with controls, demonstrating impaired endothe-
lium-dependent vasodilatation. Increased oxida-
tive stress has been linked to impaired endothelial
function in atherosclerosis and may play a role in
the pathogenesis of cardiovascular events.™ In our
study, we found that TOS, OSI, LOOOH increased
and TAC decreased in the patients.

Different antioxidants and free radicals play
important roles in hypertension and diabetes.??° In
the current study, in CSX group, oxidative stress pa-
rameters were increased and TAC was decreased
compared with control group and NSX groups.
Oxidative stress parameters were significantly in-
creased and TAC was markedly decreased in CSX
group compared to control group. This may be
thought to be due to the higher risk factor frequen-
cies, i.e. HT and DM, in CSX group compared to
control group. But, oxidative and antioxidative indi-
cators were found to be significantly different in also

NSX group then the CSX group, though they have
similar risk factor profiles. Therefore, it is concluded
that oxidative stress was increased in CSX group
due to above discussed factors rather than known
risk factor such as age, gender, HT or DM.

Some studies concerning the effect of antioxi-
dant therapies on atherosclerosis were published
in previous literature."”3" Self-selected supplemen-
tation of vitamin E has been associated with re-
duced coronary events and atherosclerotic progres-
sion.'”3" The combined supplementation with vita-
mins E and C significantly inhibited the progression
of coronary atherosclerosis in the Harvard IVUS
trial.3' The supplementation with vitamin E plus and
slow-release vitamin C, in ASAP study, reduced the
progression of carotid atherosclerosis by 26%, by
33% in men and 14% (not significant) in women."”
Also, angiotensin 1 receptor blockade had an anti-
atherosclerotic and antioxidative potential by the re-
duction of oxidative stress in the vessel wall.*2 How-
ever, in some randomized clinical trials concerning
with antioxidant therapy on atherosclerosis has
been observed contradictory results.’®' In present
study, oxidative stress parameters were increased
in CSX group. However, in patients with CSX, the
effect of antioxidant therapy was not investigated in
our study and previous studies. The effect of anti-
oxidant therapy in patients with CSX should been
investigated in future.

The most important limitation of our study was
that sintigraphic assessment was not performed in
patients with CSX. Coronary ischemia might be ob-
jectively determined by sintigraphy in patients dem-
onstrating ST depression. Thus, relation between
OSI and myocardial ischemia in patients with CSX
could be more objectively demonstrated.

In conclusion, the present study demonstrated
that oxidants increased, antioxidants decreased in
patients with CSX, and increased oxidative stress
might be related with ischemia of myocardium. Oxi-
dative stress might play a role in the etiopathogen-
esis of the disease.
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