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and leukocytes reduced glutathione (GSH) malondialdehyde (MDA) and conju
and the activities ofglutathione-s-transferase (GST), glutathione peroxidase (GSH

.,.,one reductase (GSR), catalase and superoxide dismutase (SOD) have been investi
ischemic heart diseases (IHD) patie.nts treated with 20 mg/day isosorbide dinitrate 

and with one ofthe (-blockers, propranolol or carvedilol. 

IIIiIIr"IrtPfl and leukocytes GSH was found to be severely depleted with significant elevation 

conjugated dienes, the parameters of lipid peroxidation, and the activities of GST, 
catalase and SOD were induced as a results of IHD attack and ISDN treatment 
to normal controls. 

~'tltiGm of 25 mg/day carvedilol, a (-blocker with antioxidant properties with ISDN 
.lJfI.c'ant improvement in the oxidative stress state in blood cells of IHD patients pro

. ISDN, reflected by increasing GSH levels, decreasing MDA and conjugated dienes lev
_~Te('lSl1H! the activities ofthe antioxidant enzymes. 

"roll)l. the routinely used (-blocker, has no such effect. 

lIdu.ent of Community Hea}lh, Baquba Institute of Technology, Diyala, Iraq. 
_melnt of Pharmacologyind Toxicology, College of Pharmacy, University of Baghdad, 

Iraq. 
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Introduction 

Carvedilol is a vasodilating, beta-adrenoceptor antagonist currently marketed for the treat

ment ofmild to moderate hypertension [1]. It reduces total peripheral resistance by blocking 

peripheral vascular alpha 1- adrenoceptors, thereby producing systemic arterial vasodilita

tion, while inhibiting reflex tachycardia through the blockade of myocardial beta-; 

adrenoceptors [2]. Carvedilol, as well as some of its hydroxylated metabolites, are potent an

tioxidants, in physicochemical, biochemical and cellular assays, they prevent lipid peroxida

tion and the depletion of endogenous antioxidants, such as vitamin E and glutathione [3J. It 

was found to prot~ct rat aorta rings from free radical-induced endothelial cell dysfunction, 

which is not seen with propranolol, a pure beta-receptor antagonist [4J. 

In experimental models, carvedilol was shown to protect LDL from in vitro oxidation, and 

to prevent oxidized LDL-induced leukocytes adhesion to smooth muscle cells and oxidized 

LDL-promoted cytotoxicity [5,6J. 

New evidences indicated that severe disturbances in the antimtidant profIle of blood cells 

were observed in patients with unstable angina and acute myocardial infarction [7J, and plas

ma malondialdehyde (MDA) was found to be deeply affected in patients suffering from acute 

myocardial infarction, indicating the occurrence of oxygen radicals-mediated injury in hu

mans [8]. The exogenous compensatory supply of organic nitrates as a source of nitric oxide 

in ischemic heart diseases patients, was found to worsen the case of oxidative stress and pro

duces further impairment in the antioxidant profile of blood cells [9J. 

The use of synthetic compounds with inherited antioxidant properties in this respect, was 

recently considered an attractive approach in this field [10,IIJ. 

This study was designed to evaluate the effects of carvedilol on the oxidative stress and 

antioxidant profile in blood cells of ischemic heart diseases patients who are maintained on 

chronic treatment with a fixed dose of isosorbide dinitrate. 

Patients and Methods 

A. Patients Selection and Drug Treatment: 

20 patients with IHD (angina pectoris and myocardial infarction), who are maintained on 

20 mg/day isosorbide dinitrate orally, were selected. 10 of them received 25 mg/day carvedi

101 (Bohringer Manhiem, Germany) for 90 days, and the other 10 received 40 mg/day pro
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(leI company, England) for comparison. 8 patients with acute IHD attack, were se

evaluate the studied parameters before any treatment intervention. 

values for the studied parameters were obtained from 24 healthy subjects, with 

matched with those of IHD patients to exclude the effects of age variations. 

be treat samples were collected from normal subjects, and from lIID patients after 90 days 
Ilocking by veinpuncture in pre-cooled, EDT A-containing tubes and stored at 4°C unless 
IIodilita immediately. 
II beta-: 

tent an
iJUuuJ'nc.rlt Methods:

roxida

~ [3]. It _n"""T""'" were separated and hemolysate was prepared according to the method of 

,1971 [12]. Leukocytes fraction of the blood was separated utilizing the modified tnro°n, 
of Salin and McCord, 1974 [l3]. Erythrocytes and leukocytes reduced glutathione 

content wasoetermined according to the method of Ellman, 1959 [14]. Lipid peroxi

parameters were evaluated by measurement of malondialdehyde (MDA) using the thi

acid method of Beuge and Aust, 1978 [15], while erythrocytes and leukocytes 

dienes levels were assayed according to the method of Recknagel and Goshal, 

lIrn,..vtl"~ and leukocytes glutathione-s-transferase enzyme (GST) activity was estimat

to the method of Habig et aI., 1974 [17]. Glutathione reductase (GSR) activity 

ISUrea according to the method of Beultler, 1969 [18]. Selenium-dependent glutathi

lDaru;e (GSH-Px) activity was determined by the coupled-assay procedure of Paglia 

..-.wI"",, 1967 [19], as modified by Lee et al., 1981 [20]. 

dismutase (SOD) activity was measured by the method of Wenterboum et al., 

cytosolic protein determination was performed by the standard method of 

., 1951 (23). 

on evaluation of data was performed through two-ways comparison of data utiliz-

The effects of the two (-blockers., .propranolol and carvedilol, on the isosorbide dinitrate 

1-...,'..... u,~""" depletion of eryt~ and leukocytes glutathione levels are shown in ta

1.40 mg/day propranolol shows. significant changes in glutathione levels when given 
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with 20 mg/day ISDN, compared to ISDN ~which produces significant depletion 

GSH in erythrocytes and leukocytes compared·~ normal controls and IHD patients beford 

any treatment. 25 mg/day carvedilol produced 300% and 280% increase in erythrocytes 

leukocytes GSH content respectively, compared to ISDN treatment only. This elevation 

GSH levels in both compartments was significantly higher than that in IHD patients 

starting any treatment, but still not enough to match normal control levels. 

B. Lipid Peroxidation: 

Carvedilol was found to produce significant reduction in MDA production, 70% and 

in both compartments respectively, compared to propranolol, which did not produce any sig

nificant change in MDA levels previously elevated by IHD attack and treatment with 20 mg/ 

day ISDN, compared to normal controls (table 2). Conjugated dienes, the other parameter of 

lipid peroxidation, was found to be elevated significantly during IHD attack, and treatment 

with 20 mg/day ISDN worsens the case. Addition of 40 mg/day propranolol did not change 
'. 

conjugated dienes levels in both compartments (table 2). Carvedilol 25 mg/day produced sig

niftcant reduction in erythrocytes and leukocytes conjugated dienes levels, (73% and 80% re
~ 

spectively) compared to propranolol treatment. 

C. Glutathione Metabolizing Enzymes Activities: 

Glutathione-S-transferase activity, which is greatly induced during IHD attack and after 

treatment with 20 mg/day ISDN, show 21 % increase in activity in both compartments after 

40 mg/day propranolol compared to ISDN treatment alone (table 3). Carvedilol produced no 

changes in GST activity compared to propranolol treatment. 

Table 4 indicates that addition of 40 mg/day propranol,ol to 20 mg/day ISDN produced no 

significant changes in glutathione peroxidase (GSHfiPx) activity in both compartments, 

which was highly induced by the use of 20 mg/day ISDN alone. 

Carvedilol 25 mg/day caused 60% and 55% decrease in (GSH-Px) activity .in both com

partments, respectively, which is considered highly significant (P<O.Ol) compared to pro

pranolol treatment. 

Glutathione reductase (GSR) activity was greatly induced in both erythrocytes and leuko

cytes when IHD patients were treated with 20 mg/day ISDN. 40 mg/day propranolol pro

duced no significant changes in GSR activity. When carvedilol 25 mg/day was used, it pro

duced a highly significant decrease, (40% and 55%) respectively, in erythrocytes and 

leukocytes GSR activity (table 4) compared to propranolol treatment. 

(44) 
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tDUI SuperoxideDis"",tose (SOD) Enzymes Activities: 

S,. carvedilol treatment (25 mg/ day) with 20 mg/day ISDN produced significant 

aytbrocytes and leukocytes catalase activity, 55% and 50% respectively, com

elevated activity produced by IHD attack and ISDN treatment alone. 

dismutase (SOD) activity decreased significantly when carvedilol 25 

in IHD patients treated with 20 mg/day ISDN table 5. SOD activity in 

btocytes of IHD patients decreases by 40% and 58% respectively due to 

compared to propranolol treated group. 

of (-adrenoceptors blocking agents and vasodilators have been widely used 

um, because of their favorable hemodynamic actions, and their high effica

eabanced pro(jpction of free radicals due to ischemic changes, and use of vari

of ISDN impairs the antioxidant defense system of the blood cells, with conse

tR:ae ..in lipid peroxidation in IHD patients [9], an adequate antioxidant supply 

included in the therapeutic measures. This can be achieved either with concomitant 

llaltation of antioxidants with the combined vasodilator and (-blocker therapy, or al

with the administration of single drug exhibiting intrinsic antioxidant properties 

to the specific vasodilator effect, like Nicorandil [24], or specific (-blocker agent 

intrinsic antioxidant properties like carvedilol. 

nedilcli has been shown to produce significant cardioprotection in experimental animal 

of acute myocardial infarction. It also prevents lipid peroxidation and the depletion of 

poos anti oxidants such as vitamin E and glutathione [25]. 

data indicated the improving effects of treatment with 25 mg/day of carvedilol on the 

JII!I()XlI[Jatlon and antioxidant system in blood cells of IHD patients who are previously 

on 20 mg/day ISDN. These observed effects are completely compatible with 

observed by Maggi et al. (1996), who indicated that a correct pharmacological ap

to the treatment of patients with essential hypertension should be focused not only on 

blood pressure, but also on preventing lipid preoxidation with agents like carvedilol 

The results of this study indicated that the effects of carvedilol was attributed to its in

antioxidant properties and not to the other hemodynamic changing properties, this 

explained carefully when ceJDpared with the data of patients treated with 40 mglday pro

",101(>1, the other (-adrenoceptor blocking agent. 

The antioxidant properties of~edilol have been investigated extensively in a variety of 
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in vitro models including isolated lipoproteins [5], ~ular fractions [27], cell cultures [6] 

and in some other more complex animal models [~}. The potent antioxidant properties of 

carvedilol are found to prevent lipid peroxidation of mitochondrial membranes with conse

quent contribution to the known cardioprotective activity in ischemic heart diseases [29]. 

Accumulating experimental evidences indicated that oxygen free radicals are overpro

duced during IHD and ISDN treatment, and this may include superoxide anion, peroxynitrite 

generated during reaction of nitric oxide radical with superoxide anion itself [30], and the ex

tremely reactive hydroxyl radical. Therefore, we can conclude that, carvedilol exert its ef

fects, by scavenging these oxidant species, leading to the observed improvement shown in 

our study. 
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Table (1): Effects of (-blockers, Propranolol and Carvedilol, on Erythrocytes and Leukocytes 

Glutathione Levels of Ihd Patients Maintained on 20 Mg/day Isosorbide Dinitrate. 

Treatment of Glutathione Ilmole/ mg Protein 

Patients Groups 
n 

Erythrocyte Leukocyte 

Control 
Acute IHD 

Before Treatment 
ISDN 20 mg/day 
ISDN 20 mg/day 

+ 
PR40mg/day 

ISDN 20 mg/day 
+ 

CA 25 mg/day 

24 
8 

20 

10 

10 

7.5 to.9a 

3.0 ± 0.2b 

1.2 ± 0.05c 

1.15 ± 0.14c 

4.6 ± 0.32d 

4.2±0.5a 

2.1±0.lb 

0.8 ± 0.02c 

0.85 ± 0.03c 

3.3 ± 0.12d 

- n = Number of subjects. 

- Values with non-identical superscripts (a, b, c, d) are significantly different (P < 0.05) 

- (ISDN) Isosorbide dinitrate , (PR) Propranolol, CA Carvedilol: 
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Effects of (-blockers, Propranolol and _Carvedilol, on The Lipid Peroxidation Pa

l3Dleters. Mda And Conjugated Dienes Levels in Erythrocytes and Leukocytes of 

Ihd Patients Maintained on 20 Mglday Isosorbide Dinitrate. 

Leukocyte 

0.81 ± O.la 

5.0 ± 0.8b 

20 4.73 ± 0.72c 5.02 ± 0.16c 6.2 ± 1.1c 12.3 ± l.Sc 

+ 
mg/day 

2Omg/day 

10 

10 

4.85 ± 0.72c 

1.43 ± O.l9d 

5.1 ± 0.81c 

2.05 ± O.ld 

6.7 ± 2.0c 

1.8 ±0.3d 

11.5 ± 3.0C 

3.3 ± 0.12d 

lun:lber of subjects. 
with non-identical superscripts (a, b. c, d) are significantly different (P < 0.05) 
Malondialdehyde, (ISDN) Isosorbide dinitrate, (PR) Propranolol, CA Carvedilol. 

(3): Effects of (-blockers, Propranolol Arid Carvedilol, on Erythrocytes and Leuko

cytes Olutathione-s-transferase (Ost) Activity in Ihd Patients Maintained on 20 

Mg/day Isosorbide Dinitrate. 

n 
Erythrocyte Leukocyte 

24 0.41 :C1>.05a 10.2 ± 1.3a 

8 6.82 ± l.1 b 18.3 ±2.4b 

Treatment 

20 mg/day 
 20 19.6 ± 2.5c 41.15 ± 4.7c 

20 mg/day 
10 23.8 ± 3.6d 50 ±4.9d 

PR40 mg/day 
ISDN 20 mg/day 

+ 

+ 

10 21.2 ± 3.0d 47 ±5.0d 

CA 25 mg/day 

- n =Number of subjects. 

- Values with non-identical superscril* (a, b, c, d) are significantly different (p < 0.05) 

- (ISDN) Isosorbide dinitrate, (fJR) ~olol, CA Carvedilol. 
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Table (4): Effects of B-blockers, Propranolol and:&vedilol, on Erythrocytes and Leuko

cytes Gsh-px and Gsr Enzymes ActivitiQa.;.. in Ihd Patients Maintained on 20 MgI 

day Isosorbide Dinitrate. 

Treatment of GSH-Px Activity ulmg Protein GSR Activity ulmg Protein 

Patients Groups 
n 

Erythrocyte Leukocyte Erythrocyte Leukocyte 

Control 
Acute IHD 

Before Treatment 
ISDN 20 mg/day 
ISDN 20 mg/day 

+ 
PR 40 mg/day 

ISDN 20 mg/day 

+ 
CA 25 mg/day 

24 
8 

20 

10 

10 

2.8 ± 0.04a 3.1 ± 0.15a 

3.0 ± 0.36 a 5.8 ±0.6b 

12.3 ± 2.6 b 14.5 ± 3.0c 

12.75 ± 3.0b 13.8 ± 1.9c 

5.2±0.9c 6.1 ± LIb 

0.68 ± O.Ola 5.58± 1.1a 

1.4 ± O.4b 7.26± 1.5b 

9.8 ± 2.1c 24.8 ± 3.9c 

11.6 ± 1.9c 24;0 ± 4.2c 

6.9 ± 1.2b 10.8 ± 1.8d 

n =Number of subjects. 
- Values with non-identical sMperscripts (a, b, c, d) are significantly different (P < 0.05). 
- (ISDN) Isosorbide dinitrate, CPR) Propranolol, (CA) Carvedilol, (GSH-Px) Glutathione per

oxidase, (GSR) Glutathione reductase. 

Table (5): Effects of B-blockers, Propranolol and Carvedilol, on Erythrocytes and Leuko

cytes Catalase and Superoxide Dismutase (Sod) Enzymes Activities in Ihd Pa

tients Maintained on 20 Mg/day Isosorbide Dinitrate. 

Catalase Activity ulrng Protein X103 Superoxide Dismutese Activity u1mg Protein x102
Treatment of 

n 
Patients Groups Erythrocyte LeukocyteErythrocyte Leukocyte . 

1.3±O.OSa 4.21 ± 0.6a 7.6 ± 1.2a 

Acute IHD 
Control 24 0.15 ± O.01a 

18.3±3.0b 

Before Treatment 
ISDN 20 mg/day 

2.16 ± 0.31b 2.3 ± O.3b 6.8 ± 0.7b8 

12.5 ± 2".1 c20 28.9±2.6c 

ISDN 20 mg/day 
5.6 ±0.9c 11.3 ± 1.2c 

21.0 ±4.0c 
PR 40 mg/day 

ISDN 20 mg/day 

10 6.1 ± 1.5c 11.8 ± 0.95c 11.8 ± 2.6c+ 

5.9 ± 0.51d 2.S ± 0.26d 11.3 ± 1.7d 

CA 25 mg/day 
10 7.1 ± 1.0d+ 

- n =Number of subjects. 
Values with non-identical superscripts (a, b, c, d) are significantly different (P < 0.05). 

- (ISDN) Isosorbide dinitrate, (PR) Propranolol, (CA) Carvedilol. 
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