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Coronary angioplasty induced oxidative stress and its
relation with metoprolol use and plasma homocysteine levels

Koroner anjiyoplastiyve bagli oksidatif stresin metoprolol kullanimi ve
plazma homosistein diizeyi ile ilisKisi
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ABSTRACT

Objective: Short episodes of myocardial ischemia during coronary angioplasty may induce oxidative stress and increase lipid peroxida-
tion. The aim of this study was to determine the effect of metoprolol on lipid peroxidation by measurements of malondialdehyde (MDA)
and total antioxidant capacity (TRAP) in patients undergoing angioplasty. The relations between homocysteine level and lipid peroxida-
tion were also studied.

Methods: Forty-six patients (mean age 57 years, 37 males) undergoing elective angioplasty were enrolled. Metoprolol treatment was ini-
tiated in 27 patients (group 1), meanwhile 19 patients could not take metoprolol due to diverse contraindications (group 2).

Results: Following angioplasty, while venous MDA levels decreased in group 1(0.188+0.021 vs. 0.159+0.020 nmol/ml, p=0.05), an increase
was detected in group 2 (0.203+0.025 vs. 0.229+0.024 nmol/ml, p=0.045) as compared with baseline levels. In group 1, TRAP levels marked-
ly increased after angioplasty in venous samples (1.201+0.036 vs. 1.478+0.044 mmol/L, p=0.0001). However, small increase was observed
for TRAP in group 2 (1.274+0.043 vs. 1.363+0.053 mmol/L, p=0.05). There was no significant change in plasma homocysteine levels with
angioplasty. There was no significant correlation between homocysteine, changes in MDA and TRAP levels either.

Conclusion: Administration of metoprolol may cause a reduction in the oxidative stress and an increase in the antioxidant activity in
patients undergoing elective angioplasty. (Anadolu Kardiyol Derg 2006; 6: 308-13)
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OzeT

Amag: Koroner anjiyografi esnasindaki kisa siireli miyokardiyal iskemi ataklari oksidatif strese neden olabilir ve lipid peroksidasyonunu
artirabilir. Bu calismada, anjiyoplasti yapilan hastalarda, malondialdehid (MDA) ve total antioksidan kapasite (TAK) él¢iimii yardimi ile
metoprololiin lipid peroksidasyonu {izerine olan etkisinin arastirnlmasi amaglandi. Ayrica homosistein ve lipid peroksidasyon Uriinleri
arasindaki iligki incelendi.

Yontemler: Elektif anjiyoplasti yapilan 46 hasta (yas ortalamasi: 57, 37 erkek) ¢alismaya alindi. Yirmi yedi hastaya metoprolol tedavisi
baslanirken (grup 1), farkl kontrendikasyonlar sebebi ile 19 hasta metoprolol alamadi (grup 2).

Bulgular: Anjiyoplasti sonrasi, grup 1'de vendz MDA seviyeleri azalirken (0.188+0.021 ve 0.159+0.020 nmol/ml, p=0.05), grup 2'de MDA
seviyelerinde artis gozlendi (0.203+0.025 ve 0.229+0.024 nmol/ml, p=0.045). Grup 1'de vendz drneklerde TAK diizeyleri anjiyoplasti sonrasi
onemli miktarda artti (1.201+0.036 ve 1.478+0.044 mmol/L, p=0.0001). Fakat, grup 2'de hafif bir artis gozlendi (1.274+0.043 ve 1.363+0.053
mmol/L, p=0.05). Anjiyoplasti ile plazma homosistein seviyelerinde dnemli bir degisiklik olmadi. Ayrica, homosistein diizeyleri ile MDA ve
TAK 6l¢iimiindeki degisiklikler arasinda énemli bir korelasyon gdzlenmedi.

Sonug: Elektif anjiyoplastiye giden hastalarda metoprolol kullanimi, oksidatif streste azalma ve antioksidan aktivitede artis saglayabilir.
(Anadolu Kardiyol Derg 2006; 6: 308-13)

Anahtar kelimeler: Malondialdehid, lipid peroksidasyon, anjiyoplasti, homosistein, metoprolol

Introduction cause myocardial damage during reperfusion of ischemic myo-
cardial tissue.
Lipid peroxidation of membrane polyunsaturated fatty acids Short episodes of myocardial ischemia during percutaneous

by reactive oxygen species is considered the major mechanism  transluminal coronary angioplasty (PTCA) may induce a susta-
of ischemia-reperfusion injury (1). Free radical production may  ined oxidative stress, a sustained increase of lipid peroxidation
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and a transient decrease of antioxidant defenses (2,3) Therefore,
antioxidant therapy in patients with ischemic heart disease befo-
re PTCA procedure might have useful role. Investigation of anti-
oxidant properties of cardiovascular drugs may lead to new the-
rapeutic approaches.

Metoprolol is a beta-adrenoceptor antagonist. It reduces
oxygen consumption of the myocardium and diminishes myo-
cardial ischemia (4). Furthermore, metoprolol may reduce lipid
peroxidation as shown in vitro studies and studies on animal
models (5-8). Thus, the aim of this study was to determine the ef-
fect of metoprolol treatment on lipid peroxidation associated
with oxidative stress in patients undergoing elective PTCA. The
determination of oxidative status was based on measurements
of concentrations of malondialdehyde (MDA) and total antioxi-
dant capacity (TRAP).

Hyperhomocysteinemia has been suggested as an indepen-
dent risk factor for atherosclerosis and it was associated with
pathological and stressful conditions (9). Some studies showed
that elevated plasma homocysteine (Hcy) level is associated
with enhanced lipid peroxidation (10,11). Therefore, we have al-
so aimed to evaluate the relation between plasma Hcy levels
and lipid peroxidation in patients undergoing elective PTCA.

Methods

Forty-six subjects (mean age 57 years, range 38 to 76 years,
37 males) were enrolled into the study. Subjects were selected
from consecutive patients undergoing elective PTCA for discre-
te coronary stenosis of left anterior descending artery (LAD) or
left circumflex coronary artery (LCx). The criteria for exclusion
were: myocardial infarction within the previous 30 days, angina
episodes in the last 12 hours before the procedure, severe
(>90%) coronary stenosis and renal failure (as serum creatinine
>2.0 mg/dl).

Metoprolol (Beloc zok th 50 mg, metoprolol succinate, Ast-
raZeneca Pharmaceutical Co.) treatment was started at a dosa-
ge of 50 mg/day in patients with no contraindication to beta-
blockers and increased to 100 mg/day. These patients were ac-
cepted as Group 1. Metoprolol treatment was started at least 72
hours before PTCA. The mean metoprolol dosage was 83.3+4.6
mg/day.

Patients who could not take beta-blockers because of sinus
bradycardia, atrioventricular conduction disturbance, periphe-
ral vascular disease, diabetes mellitus with hypoglycemia at-
tacks or bronchospasm were also included into the study and
accepted as Group 2. At the time of PTCA, all patients were on
oral aspirin, clopidogrel and statin treatment. Thirty patients we-
re using oral nitrates, 13 patients were using oral calcium-anta-
gonists and 28 patients were using angiotensin converting enzy-
me inhibitors. There was no significant difference in angiotensin
converting enzyme inhibitors and statin use between groups.

Balloon angioplasty was performed according to standard
techniques. After local anesthesia with lidocaine, one sheath
was placed to femoral artery. Heparin was given at baseline
(100 U/kg) in order to maintain the activated coagulation time
>300 s. A venous sample was taken from an antecubital vein on
the forearm. At the same time, an arterial sample was taken pro-
ximal to the lesion from the coronary guiding catheter. Ten mi-

nutes after the first balloon inflation, again venous and arterial
blood samples were taken. Blood was collected into the EDTA
containing tubes during sampling procedure. Arterial blood
pressure, heart rate and electrocardiography were continu-
ously monitored throughout the procedure.

The oxidative status was determined by measurement of
MDA and TRAP in the venous and arterial blood samples. Ho-
mocysteine concentration was measured in these blood samp-
les. The study protocol conforms to the ethical guidelines of
Declaration of Helsinki and protocol was approved by the ethi-
cal committee of the hospital board, Mersin University. All pati-
ents signed an informed consent.

Determination of MDA:

Blood samples were collected in EDTA containing tubes. Af-
ter centrifugation, the obtained plasma was stored at -20 °C.
Malondialdehyde levels were determined by using reagent kit
(Reagent cat no: 67 000) for HPLC analysis of MDA (Chromosys-
tems, GmbH Germany). Analyses were performed with isocratic
HPLC system with fluorescence detection (HP 1100). HPLC con-
dition for MDA: Injection volume: 20 ul; Flow rate: 1.0 ml/min; Co-
lumn and room temperature 25 °C; Wavelength: EX 515, EM, 553.

The determination of total antioxidant status:

2,2'-Azino-di 3-ethybenzthiazoline sulphonate) (ABTS) was
incubated with a peroxidase (metmyoglobin) and H202 to produ-
ce the radical cation ABTS. This had a relatively stable blue-
green color, which was measured at 600 nm. Antioxidants in the
added sample caused suppression of this color production to a
degree proportional to their concentration (12).

Determination of Homocysteine:

After centrifugation, the obtained plasma was stored at
-20 °C. Plasma Hcy levels were determined by using reagent kit
(Reagent cat no: 39 000) for HPLC analysis of Hcy in serum/plas-
ma (Chromosystems, GmbH Germany). Analyses were perfor-
med with isocratic HPLC system with fluorescence detector (HP
1100). The HPLC condition for Hey: Injection volume: 20 ul, Flow
rate: 1.7 ml/min, Room temperature 25 °C, Wavelength: EX 385,
EM, 515.

Statistical analysis

Three-way analysis of variance with two factor repeated
measurement design (repeated measures variance analysis)
was used to compare the baseline and post-angioplasty MDA,
TRAP and Hcy plasma levels from the venous and arterial blo-
od samples in two groups. In case of statistically significant
differences, paired between group and within-group compari-
sons were performed by Bonferroni PostHoc analysis. For de-
tection of correlations of MDA, TRAP and Hcy plasma levels
with categorical binary variables (gender, hypertension, diabe-
tes mellitus, history of myocardial infarction, severity of coro-
nary artery disease), independent t-test and one-way ANOVA
tests were used. Pearson correlation test was used to determi-
ne any relation between MDA, TRAP and Hcy with continuous
variables (creatinine, blood glucose, ejection fraction). Pear-
son Chi-Square analysis test was used for detection of relati-
ons between categorical variables and patient groups. All da-
ta were presented as mean = standard error of the mean. Dif-
ferences were considered significant at a value of p<0.05. Sta-
tistical analysis was assessed by computer software SPSS for
Windows version 12.
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Results

Forty-six patients (mean age 57 years, range 38 to 76 years;
37 males) underwent elective PTCA. Twenty-nine patients un-
derwent balloon angioplasty for a stenosis of LAD and sevente-
en patients underwent balloon angioplasty for a stenosis of LCx.
No significant complications were encountered during PTCA.

Table 1. Clinical and angiographic characteristics of patients

Group 1 Group 2
(n=27) (n=19) p

Age, years 5549 60+10 NS
Men, n (%) 24 (89) 13 (68) NS
Hypertension, n (%) 10 (37) 10 (53) NS
Diabetes, n (%) 4(15) 6 (32) NS
Smoking, n (%) 20 (74) 10 (53) NS
History of MI, n (%) 11 (41) 7(37) NS
Severity of CAD, n (%)

1-Vessel 8 (30) 7(37) NS

2-Vessel 14 (52) 9 (47) NS

3-Vessel 5(19) 3(16) NS
Target coronary artery, n (%)

LAD 17 (63) 12 (63) NS

LCx 10 (37) 7(37) NS
LVEF,% 59+3 60+4 NS
Heart rate, beat/min 70.2+1.6 73.7+1.9 NS
Systolic BP, mmHg 116.1+2.9 119.7+2.8 NS
Diastolic BP, mmHg 70.7£1.7 713.7+1.1 NS
Laboratory findings
Total cholesterol, mg/dI 183+47 180+56 NS
LDL cholesterol, mg/dI 11133 109+43 NS
HDL cholesterol, mg/dl 38+8 40£12 NS
Triglycerides, mg/dl 176+97 145455 NS
BP- blood pressure, CAD- coronary artery disease, LAD- left anterior descending artery,
LCx- left circumflex artery, LVEF- left ventricular ejection fraction,
MI- myocardial infarction, NS-not significant, p>0.05

Angiography of the target coronary artery after post-deflation
sample acquisition showed no significant residual stenosis with
normal contrast runoff.

Thirty patients had a history of smoking and all of them were
male. Twenty patients had high blood pressure, ten had diabetes
mellitus and eighteen had history of myocardial infarction. Myo-
cardial infarction history was frequently observed in patients
with smoking habits (p=0.039). Baseline clinical characteristics
were similar between two groups. The clinical and angiographic
characteristics of the patients are described in Table 1.

When changes in levels of MDA were evaluated, it was de-
tected that, the interaction of patient groups, sampling vessels
and PTCA was statistically significant (p=0.034). Just prior to
PTCA, in group 1 patients, mean MDA level was 0.188+0.021
nmol/ml in venous samples and 0.186+0.025 nmol/ml in arterial
samples. Ten minutes after the first balloon inflation, while MDA
levels decreased in venous samples (p=0.05), but remained simi-
lar in arterial plasma (p>0.05) (Table 2). Conversely, in group 2 pa-
tients, MDA levels increased in venous samples, demonstrating
increased oxidative stress (p=0.045) and remained similar in ar-
terial plasma (p>0.05) (Table 2) (Fig. 1).

When changes in levels of TRAP were evaluated, it was de-
tected that, the interaction of patient groups, sampling vessels
and PTCA was also statistically significant (p=0.045). In group 1
patients, levels of TRAP markedly increased after PTCA in both
venous and arterial samples (p=0.0001). In group 2 patients, the-
re was also an increase in both venous and arterial levels of
TRAP, however a milder increase was observed compared to
group 1(p=0.05 and p=0.002) (Fig. 2). In group 1 patients, after bal-
loon angioplasty, venous TRAP levels were significantly higher
than arterial TRAP levels (1.478+0.044 vs. 1.394+0.059 mmol/L,
p=0.035). In addition, venous TRAP levels were significantly hig-
herin group 1 patients than those of group 2 patients after ballo-
on angioplasty (1.478+0.044 vs. 1.363+0.053 mmol/L, p=0.009).

There were no significant changes in plasma Hcy levels in
either group with PTCA in both venous and arterial samples
(p=0.707). Table 2 reports on the levels of MDA, TRAP and Hcy in
both venous and arterial samples before and after balloon angi-
oplasty. There was no significant correlation between the basal
levels of Hey with changes in MDA (r=-0.175, p=0.245) and TRAP
(r=-0.022, p=0.883,) after balloon angioplasty.

Table 2. Levels of MDA, TRAP and Hcy in the venous blood samples before and after PTCA ( V1, V2), and in the arterial blood samples before and

after PTCA (A1, A2)
Vi V2 | p | Al | A2 b

Group 1

MDA, nmol/ml 0.188+0.021% 0.159+0.020 0.05 0.186+0.025 0.189+0.025 NS
TRAP, mmol/L 1.201+0.036% 1.478+0.044*t 0.0001 1.234+0.048 1.394+0.059* 0.0001
Hcy, pmol/L 20.59+1.73¢ 20.58+2.36 NS 18.11£1.97 20.13+1.70 NS
Group 2

MDA, nmol/ml 0.203+0.025 0.229+0.024 0.045 0.240+0.029 0.242+0.030 NS
TRAP, mmol/L 1.274+0.043 1.363+0.0531 0.05 1.279+0.058 1.426+0.071 0.002
Hcy, pmol/L 21.37+2.06 20.66+2.81 NS 15.98+2.35 16.19+2.02 NS
* p=0.035 between venous and arterial TRAP levels of group 1 after angioplasty

t p=0.009 between venous TRAP levels of group 1 and group 2 after angioplasty

1 p>0.05 between Hcy levels and change in MDA venous levels and TRAP venous levels

Hcy- homocysteine, MDA- malondialdehyde, NS-not significant, p>0.05, PTCA- percutaneous transluminal coronary angioplasty, TRAP- total antioxidant capacity
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There was no significant correlation between the levels of
MDA, TRAP, Hcy and diabetes mellitus, hypertension, smoking,
gender, target coronary artery, history of myocardial infarction
and left ventricular ejection fraction (p>0.05). Baseline venous
Hcy levels were positively correlated with age of the patients
(p=0.012, r=0.368), the severity of coronary artery disease as eva-
luated with the number of narrowed arteries (p=0.046, r=0.295)
and serum creatinine levels (p=0.035, r=0.312).

All patients were followed-up for one month. During the fol-
low-up, one patient died after an acute myocardial infarction on
the third day of angioplasty and one patients died suddenly on
the 21. day of angioplasty. Two patients underwent a new revas-
cularization procedure (1 coronary artery bypass surgery, 1 re-
angioplasty). No correlation was observed between the cardi-
ovascular events (death, myocardial infarction, revascularizati-
on), and both the baseline levels and changes in MDA, TRAP and
Hcy levels after PTCA (p>0.05).

Discussion

Metoprolol is a frequently used beta-adrenoceptor-1 anta-
gonist. Various favorable effects of metoprolol have been shown
in patients with heart failure and ischemic heart disease like re-
duction in energy requirements and ischemia, anti-arrhythmoge-
nic effect and improvement of diastolic function (4, 13). Although,
the action of metoprolol against lipid peroxidation has been a
subject of many studies, results reported thus far are contradic-
tory. While some investigators have postulated that, metoprolol
reduces oxidative stress to a certain extent (6,7), some authors
could not observe its antioxidant properties (14,15).

Oxidative stress is defined as a disturbance in pro-oxi-
dant/anti-oxidant balance in favour of the first one, leading to po-
tential damage (15). Studies showed that PTCA causes a cardiac
oxidative stress after short episodes of balloon inflation (2,3,16).
Roberts et al. found that there was a significantincrease in MDA
levels in coronary sinus blood samples following balloon angiop-
lasty of the LAD (16). However, Oostenbrug et al. could not obser-
ve any association between the PTCA and lipid peroxidation (17).

The cardiac oxidative stress after PTCA may decrease the
benefit of angioplasty and increase adverse events complicating
angioplasty. Antioxidant therapy might have a role in patients
with ischemic heart disease undergoing PTCA.

Among the compounds that result from lipid peroxidation,

MDA is widely looked upon as a marker of oxidative damage
(8,16,18). Malondialdehyde is the end product of lipid peroxidati-
on and it could be used as an index to follow the lipid peroxidati-
on pattern in patients with coronary artery disease (18). Total an-
tioxidant capacity represents the real status of plasma defenses
as determined by the overall effects of water soluble and lipid
soluble antioxidants (2,19).

In the present study, we found a decrease in the lipid peroxi-
dation and increased antioxidant activities as determined by
MDA and TRAP measurements in patients undergoing balloon
angioplasty and using metoprolol. In contrast, there was an inc-
rease in lipid peroxidation in patients who could not take metop-
rolol. Taken together, it can be reasonably speculated that, me-
toprolol treatment may decrease lipid peroxidation and increase
antioxidant activity after a brief ischemia-reperfusion produced
by balloon angioplasty.

Consistent with results of the present study, some studies al-
so demonstrated that metoprolol reduces lipid peroxidation du-
ring myocardial ischemia (8,20). Kalaycioglu et al. studied anti-
oxidant activity of metoprolol on guinea-pig hearts by giving me-
toprolol in the pre-ischemia period and measured MDA and glu-
tathione. They found that MDA levels significantly decreased
and glutathione levels increased in the metoprolol group compa-
red with those of the control group. They concluded that metop-
rolol reduces ischemic injury via prevention of lipid peroxidation
(8). Theres et al. proposed that metoprolol and angiotensin-con-
verting enzyme inhibition after myocardial infarction may decre-
ase myocardial oxidative stress (20). However, in the present
study, we have demonstrated for the first time that, metoprolol
decreases the balloon angioplasty associated lipid peroxidation.

Raised Hcy concentrations are associated with laboratory
evidence of atherosclerosis and increased risk of atherothrom-
botic vascular disease (9). Being in agreement with this know-
ledge, in our study plasma total Hcy concentrations were above
normal limits in patients (upper limit of reference for fasting total
plasma Hcy levels for 15-65 years adults: 12-15 pmol/L, >65 years
adults: 16-20 ymol/L) (21). In addition, venous levels of Hcy were
correlated with the severity of coronary artery disease as evalu-
ated with the number of narrowed arteries. Therefore, increased
levels of Hcy could be useful in clinical practice to determine the
severity of coronary artery disease.

Hyperhomocysteinemia and lipid peroxidation may play a ro-
le in the genesis of atherosclerosis and heart disease. Some aut-
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Figure 1. The graphs refer to the venous (a) and arterial (b) levels of
malondialdehyde (MDA) in patients before and after PTCA. Straight li-
nes represent group 1 (metoprolol) data, dashed lines represent group
2 (control) data

Figure 2. The graphs refer to the venous (a) and arterial (b) levels of to-
tal antioxidant capacity (TRAP) in patients before and after PTCA.
Straight lines represent group 1 (metoprolol) data, dashed lines rep-
resent group 2 (control) data
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hors have suggested that Hcy might cause atherosclerosis by
damaging the endothelium either directly or by altering oxidative
status (22). Some studies also showed that elevated plasma Hcy
level is associated with enhanced lipid peroxidation (10,11,23).
Therefore, we have also studied the correlation between Hcy le-
vels and lipid peroxidation in patients undergoing PTCA. There
was no significant change in plasma Hcy levels in venous and ar-
terial blood samples with angioplasty in either group. In addition,
we could not observe any correlation between Hcy levels and li-
pid peroxidation products. Consistent with our results, Cavalca
et al. could not found any correlation between Hcy and MDA eit-
her (18). These results might indicate that Hcy is not entirely res-
ponsible for the oxidative damage in these patients.

Although elevated plasma Hcy levels have been considered
as an independent risk factor of coronary artery disease, the re-
lation between Hcy levels with clinical prognosis after PTCA was
unclear. Some authors proposed that elevated plasma Hyc is an
independent risk factor for mortality, revascularization and ad-
verse late outcome after successful coronary angioplasty
(24,25). However, in other studies, there was no significant asso-
ciation between Hcy levels, restenosis and long-term prognosis
(26,27). In the present study, we could not observe any correlati-
on between plasma Hcy levels and cardiovascular events (death
and revascularization) after angioplasty. However, because of
the small sample size and potential limitations, we could not de-
cide on the risk assessment of Hcy.

The present study was limited by the absence of a control
group of subjects without heart disease. Also, we could not com-
pare results of treatments with other beta-blockers such as car-
vedilol. Carvedilol is a nonselective beta-adrenoceptor antago-
nist and there are several studies about its antioxidant effects
(28-31). In addition, we could not use coronary sinus blood samp-
ling for evaluation of cardiac ischemia. Therefore, additional stu-
dies using other beta-blockers and coronary sinus blood samp-
ling are needed.

Conclusions

Oxidative stress is elevated in patients undergoing balloon
angioplasty and administration of metoprolol may cause a reduc-
tion in the oxidative stress in these patients. Thus, the antioxidant
properties of metoprolol may contribute to the cardioprotective
effects of the compound. The oxidative stress status did not
change with changes in homocysteine levels.

Acknowledgements

We gratefully acknowledge Ms. Handan Camdeviren for her
assistance in statistical analysis reported in the study. We are al-
so grateful to AstraZeneca Pharmaceutics for providing us with
metoprolol and some biochemical assay kits.

References

1. Ambrosio G, Flaherty JT, Duilio C, Tritto I, Santoro G, Elia PP, et al.
Oxygen radicals generated at reflow induce peroxidation of memb-
rane lipids in reperfused hearts. J Clin Invest 1991;87:2056-66.

2. Buffon A, Santini SA, Ramazzotti V, Rigattieri S, Liuzzo G, Biasucci

20.

21.

LM, et al. Large, sustained cardiac lipid peroxidation and reduced
antioxidant capacity in the coronary circulation after brief episodes
of myocardial ischemia. J Am Coll Cardiol 2000;35:633-9.

luliano L, Pratico D, Greco C, Mangieri E, Scibilia G, FitzGerald GA,
et al. Angioplasty increases coronary sinus F2-isoprostone forma-
tion: Evidence for in vivo oxidative stress during PTCA. J Am Coll
Cardiol 2001;37:76-80.

Tzivoni D, Medina A, David D, Barzilai Y, Brunel P. Effect of metop-
rolol in reducing myocardial ischemic threshold during exercise
and during daily activity. Am J Cardiol. 1998;81:775-7.

Mak IT, Weglicki WB. Protection by beta-blocking agents against
free radical-mediated sarcolemmal lipid peroxidation. Circ Res.
1988;63:262-6.

Jenkins RR, Del Signore CM, Sauer P, Skelly C. The effect of beta
blocking drugs on lipid peroxidation in rat heart in vitro. Lipids.
1992;27:539-42.

Liu XK, Engelman RM, Agrawal HR, Das DK. Preservation of memb-
rane phospholipids by propranolol, pindolol, and metoprolol: a no-
vel mechanism of action of beta-blockers. J Mol Cell Cardiol.
1991;23:1091-100. }

Kalaycioglu S, Sinci V, Imren Y, Oz E. Metoprolol prevents ische-
mia-reperfusion injury by reducing lipid peroxidation. Jpn Circ J
1999;63:718-21.

Graham IM, Daly LE, Refsum HM, Robinson K, Brattstrom LE, Ue-
land PM, et al. Plasma homocysteine as a risk factor for vascular
disease. The European Concerted Action Project. JAMA
1997;277:1775-81.

Voutilainen S, Morrow JD, Roberts LJ 2nd, Alfthan G, Alho H,
Nyyssonen K et al. Enhanced in vivo lipid peroxidation at elevated
plasma total homocysteine levels. Arterioscler Thromb Vasc Biol.
1999;19:1263-6.

. Wang G, Mao JM, Wang X, Zhang FC. Effect of homocysteine on

plague formation and oxidative stress in patients with acute coro-
nary syndromes. Chin Med J (Engl). 2004;117:1650-4.

Miller NJ, Rice-Evans C, Davies MJ, Gopinathan V, Milner A. A no-
vel method for measuring antioxidant capacity and its application
to monitoring the antioxidant status in premature neonates. Clin Sci
. 1993; 84:407-12.

Panfilov V, Wahlqgvist I, Olsson G. Use of beta-adrenoceptor bloc-
kers in patients with congestive heart failure. Cardiovasc Drugs
Ther. 1995;9:273-817.

Silva JM, Filipe PM, Fernandes AC, Manso CF. Antioxidant effect of
drugs used in cardiovascular therapy. Rev Port Cardiol.
1998;17:495-503.

Kopff M, Kowalczyk E, Kopff A. Influence of selected cardiological
drugs on oxidative status. Pol J Pharmacol. 2004;56:265-9.

Roberts MJ, Young IS, Trouton TG, Trimble ER, Khan MM, Webb
SW, et al. Transient release of lipid peroxides after coronary artery
balloon angioplasty. Lancet 1990;336:143-5.

Oostenbrug GS, Mensink RP, Bar FWHM, Hornstra G. Lipid pero-
xidation-associated oxidative stress during percutaneous trans-
luminal coronary angioplasty in humans. Free Radical. Biol
1997;22:129-36.

Cavalca V, Cighetti G, Bamonti F, Loaldi A, Bortone L, Novembrino
C, et al. Oxidative stress and homocysteine in coronary artery dise-
ase. Clinical Chemistry 2001; 47:387-92.

Rice-Evans CA. Measurement of total antioxidant activity as a mar-
ker of antioxidant status in vivo: procedures and limitations. Free
Radic Res 2000;33 Suppl:S59-66.

Theres H, Wagner KD, Schulz S, Strube S, Leiterer KP, Romberg D,
et al. Oxygen radical system in chronic infracted rat heart: the ef-
fect of combined beta blockade and ACE inhibition. J Cardiovasc
Pharmacol 2000;35:708-15.

Hankey GJ, Eikelboom JW, Ho KW, Bockxmeer FM. Clinical useful-
ness of plasma homocysteine in vascular disease. Med J Aust
2004;181:314-8.



Anadolu Kardiyol Derg
2006; 6: 308-13

Gicek et al. 3 ]3

Oxidative stress, metoprolol and homocysteine

22.

23.

24,

25.

26.

Stamler JS, Osborne JA, Jaraki 0, Rabbani LE, Mullins M, Singel D,
et al. Adverse vascular events of homocysteine are modulated by
endothelium derived relaxing factor and related oxides of nitrogen.
J Clin Invest 1993;91:308-18.

Moselhy SS, Demerdash SH. Plasma homocysteine and oxidative
stress in cardiovascular disease. Dis Markers 2003-2004;19:27-31.
Schnyder G, Flammer Y, Roffi M, Pin R, Hess OM. Plasma homocys-
teine levels and late outcome after coronary angioplasty. J Am Coll
Cardiol 2002;40:1769-76.

Schnyder G, Rouvinez G. Total plasma homocysteine and resteno-
sis after percutaneous coronary angioplasty: current evidence.
Ann Med 2003;35:156-63.

Zairis MN, Ambrose JA, Manousakis SJ, Stefanidis AS, Papadaki
0A, Bilianou HI.. for the GENERATION study group. The impact of
plasma levels of C-reactive protein, lipoprotein (a) and homocyste-
ine on the long-term prognosis after successful coronary stenting.
J Am Coll Cardiol 2002;40:1375-82.

27.

28.

29.

30.

31.

Miner SE, Hegele RA, Sparkes J, Teitel JM, Bowman KA, Connelly
PW, et al. Homocysteine, lipoprotein (a), and restenosis after per-
cutaneous transluminal coronary angioplasty: a prospective study.
Am Heart J 2000;140:272-8.

Noguchi N, Nishino K, Niki E. Antioxidant action of the antihyper-
tensive drug, carvedilol, against lipid peroxidation. Biochem Phar-
macol 2000;59:1069-76.

Santos DJ, Moreno AJ. Inhibition of heart mitochondrial lipid pero-
xidation by non-toxic concentrations of carvedilol and its analog
BM-910228. Biochem Pharmacol. 2001;15;61:155-64.

Feuerstein GZ, Ruffolo RR Jr. Carvedilol, a novel multiple action an-
tihypertensive agent with antioxidant activity and the potential for
myocardial and vascular protection. Eur Heart J 1995; 16 Suppl F:
38-42.

Nakamura K, Kusano K, Nakamura Y, Kakishita M, Ohta K, Nagase
S, etal. Carvedilol decreases elevated oxidative stress in human fa-
iling myocardium. Circulation. 2002;105:2867-71.



