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f s of Carvedilol on The Antioxidant Mechanisms of Blood
/ In IHD Patients Treated With Isosorbide Dinitrate

Saad A. Hussain * , Nawfal A. Numan **

vess the fi
jion. By 4
than b
px., the of
ISt prin «.;
fized 10 {
bied oni

: gailql
IMDA) st 615081y (GSH) 3405 410 5l 5 sl o sl 3l 5 iy o3

3 (SOD 5 413t/ GSH-PX, GST, GSR) w13 Suldst] il 331 dullas N iYL ol 3t1
Pty s 5 245, 3 S 8 il g 35551l 3 p gl 8 il 20— Cpaladt il L L
B L 3330 Ml g ol 68 oo 5 e 59 o3 -] 3LosUSH g1 J 3155 9 -l L
Junsis iy Ll g MDA fio o sl S5 QoS3 13350 Uil ol g 033 50
2 (g ol pandl pudl LG o8 wuusTill 5oL

Ralids yol g3 (e 6 gioo gl Lin Jaato Jglowsd ) ISI 488 o p gl (b pdle 25 LLuSI )

Boaandt 1619 5L ) gan g 50 Lgrisan 3l SuasaSYI Lo i Ul s (53 3 S il (U5 il g 95331
vyﬁuyg”&m I ususS! Juliif Lot Ciliwall g MDA (5 giwo 459 GSH (5 giumo £ 145 )b Jiaitly
3 S Bl 5ol ] Silas 35Y1 dudlad

- ﬁ‘di]bﬂoi@;ﬁ,&Ml&u’,ﬂ’thGM’;J_}J}JIJ:U#JIOI@UJJIJ){AQ‘WPJJ
p oﬂﬂa&ﬂ’&ﬁw/5)’ﬁjww54w,4%mléﬁcewdﬂﬁdjw]w&[gﬂ[ﬁﬂt&yl

-

ocytes and leukocytes reduced glutathione (GSH) malondialdehyde (MDA) and conju-
Mwes, and the activities of glutathione-s-transferase (GST), glutathione peroxidase (GSH-
thione reductase (GSR), catalase and superoxide dismutase (SOD) have been investi-
} ischemic heart diseases (IHD) patients treated with 20 mg/day isosorbide dinitrate
Wone, and with one of the (-blockers, propranolol or carvedilol.

es and leukocytes GSH was found to be severely depleted with significant elevation
conjugated dienes, the parameters of lipid peroxidation, and the activities of GST,
\A 3SR, catalase and SOD were induced as a results of IHD attack and ISDN treatment
Rpared 1o normal controls.

tration of 25 mg/day carvedilol, a (-blocker with antioxidant properties with ISDN
cant improvement in the oxidative stress state in blood cells of IHD patients pro-
p ISDN, reflected by increasing GSH levels, decreasing MDA and conjugated dienes lev-
decreasing the activities of the antioxidant enzymes.

- olol, the routinely used{-blocker, has no such effect.

Jetment of Community Health, Baquba Institute of Technology, Diyala, Iraq.
ment of Pharmacology-#nd Toxicology, College of Pharmacy, University of Baghdad,
ghdad, Iraq.
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Introduction

Carvedilol is a vasodilating, beta-adrenoceptor antagonist currently marketed for the treat-
ment of mild 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 [3]. It
was found to protect rat aorta rings from free radical-induced endothelial cell dysfunction,
which is not seen with propranolol, a pure beta-receptor antagonist [4].

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 [5,6]. ‘

New evidences indicated that severe disturbances in the antioxidant profile of blood cells
were observed in patients with unstable angina and acute myocardial infarction [7], 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 [9].

The use of synthetic compounds with inherited antioxidant properties in this respect, was
recently considered an attractive approach in this field [10,11].

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-
lol (Bohringer Manhiem, Germany) for 90 days, and the other 10 received 40 mg/day pro-
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Mol (ICI company, England) for comparison. 8 patients with acute IHD attack, were se-
f evaluate the studied parameters before any treatment intervention.

diseases.

b pl values for the studied parameters were obtained from 24 healthy subjects, with
| bs matched with those of THD patients to exclude the effects of age variations.

f d samples were collected from normal subjects, and from IHD patients after 90 days
ment by veinpuncture in pre-cooled, EDTA-containing tubes and stored at 4°C unless
d immediately.

alytical Methods:

hrocytes were separated and hemolysate was prepared according to the method of
’ ndy, 1971 [12]. Leukocytes fraction of the blood was separated utilizing the modified
"' of Salin and McCord, 1974 [13]. Erythrocytes and leukocytes reduced glutathione
content was determined accordihg to the method of Ellman, 1959 [14]. Lipid peroxi-
f parameters were evaluated by measurement of malondialdehyde (MDA) using the thi-
‘ guric acid method of Beuge and Aust, 1978 [15], while erythrocytes and leukocytes
A pated dienes levels were assayed according to the method of Recknagel and Goshal,

] -

y, ocytes and leukocytes glutathione-s-transferase enzyme (GST) activity was estimat-
ading to the method of Habig et al., 1974 [17]. Glutathione reductase (GSR) activity
: sured according to the method of Beultler, 1969 [18]. Selenium-dependent glutathi-
h.n ase (GSH-Px) activity was determined by the coupled-assay procedure of Paglia
‘ atine, 1967 [19], as modified by Lee et al., 1981 [20].

; enzyme activity was assayed by the method of Aebi, 1974 [21], and Zn-Cu-
b dismutase (SOD) activity was measured by the method of Wenterboum et al.,

Total cytosolic protein determination was performed by the standard method of
al 1951 {23}.

Pratistical evaluation of data was performed through two-ways comparison of data utiliz-
IStudent’s t-test.

‘A. Blood Cells Glutathione (GSH) Levels:

The effects of the two (-blockers; propranolol and carvedilol, on the isosorbide dinitrate
| SDN)-induced depletion of erythmgaes and leukocytes glutathione levels are shown in ta-
ple 1. 40 mg/day propranolol showsime significant changes in glutathione levels when given
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with 20 mg/day ISDN, compared to ISDN alome, which produces significant depletion o
GSH in erythrocytes and leukocytes compared jt'arnormal controls and IHD patients befor
any treatment. 25 mg/day carvedilol produced 300% and 280% increase in erythrocytes an
leukocytes GSH content respectively, compared to ISDN treatment only. This elevation i
GSH levels in both compartments was significantly higher than that in IHD patients befor
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 60%
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 THD 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-
nificant reduction in erythrocytes and leukocytes conjugated dienes levels, (73% and 80% re-
spectively) com;)ared 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 propranolo!l 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 propranolol 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<0.01) compared to pro-

pranolol treatment.

Glutathione reductase (GSR) activity was greatly induced in both erythrocytes and leuko-
cytes when THD 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 treatinent.
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depletion o —— and Superoxide Dismutose (SOD) Enzymes Activities:

i 5 carvedilol treatment (25 mg/ day) with 20 mg/day ISDN produced significant
- o
| ytes anc aythmcytes and leukocytes catalase activity, 55% and 50% respectively, com-

: at;o? In . jously elevated activity produced by IHD attack and ISDN treatment alone.
ents before

dismutase (SOD) activity decreased significantly when carvedilol 25
wed in THD patients treated with 20 mg/day ISDN table 5. SOD activity in
h:kocytcs of IHD patients decreases by 40% and 58% respectively due to
ient, compared to propranolol treated group.

% and 60%
ce any sig-
ith 20 mg/
ameter of
treatment
pot change

of (-adrenoceptors blocking agents and vasodilators have been widely used
of THD, because of their favorable hemodynamic actions, and their high effica-

e enhanced production of free radicals due to ischemic changes, and use of vari-
: of ISDN impairs the antioxidant defense system of the blood cells, with conse-
jicrease in lipid peroxidation in IHD patients [9], an adequate antioxidant supply
Pe included in the therapeutic measures. This can be achieved either with concomitant
Pmentation of antioxidants with the combined vasodilator and (-blocker therapy, or al-
ply, with the administration of single drug exhibiting intrinsic antioxidant properties
Bsion to the specific vasodilator effect, like Nicorandil [24], or specific (-blocker agent
Ming intrinsic antioxidant properties like carvedilol.

puced sig-
d 80% re-

' vedilol has been shown to produce significant cardioprotection in experimental animal
bls of acute myocardial infarction. It also prevents lipid peroxidation and the depletion of
Bernous anti oxidants such as vitamin E and glutathione [25].

data indicated the improving effects of treatment with 25 mg/day of carvedilol on the
eroxidation and antioxidant system in blood cells of IHD patients who are previously
ined 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-
2': to the treatment of patients with essential hypertension should be focused not only on
cir g blood pressure, but also on preventing lipid preoxidation with agents like carvedilol
B). The results of this study indicated that the effects of carvedilol was attributed to its in-
nted antioxidant properties and not to the other hemodynamic changing properties, this
Pas explained carefully when cotapared with the data of patients treated with 40 mg/day pro-
pwanolol, the other (-adrenoceptor blocking agent.

The antioxidant properties of carvedilol have been investigated extensively in a variety of
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in vitro models including isolated lipoproteins [5], subcellular fractions [27], cell cultures [6]
and in some other more cofnplex animal models [2&1. 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 pmole/ mg Protein
Patients Groups . Erythrocyte - Leukocyte
Control 24 7.5+0.9* 42 +05°
Acute IHD 8 3.0+0.2° ' 2.1+0.1°
Before Treatment
ISDN 20 mg/day | 20 1.2 +0.05° 0.8 +0.02°
ISDN 20 mg/day
+ 10 1.15+0.14° 0.85 £ 0.03¢
PR 40 mg/day
ISDN 20 mg/day
+ 10 4.6 +0.329 33+0.12¢
CA 25 mg/day

- 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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B2)- Effects of (-blockers, Propranolol and Carvedilol, on The Lipid Peroxidation Pa-
rameters, Mda And Conjugated Dienes Levels in Erythrocytes and Leukocytes of
Ihd Patients Maintained on 20 Mg/day Isosorbide Dinitrate.

recent ment of 0 MDA Nmole/mg Protein Conjugated Dienes pmole/ 1
- Groups | Erythrocyte | Leukocyte Erythrocyte Leukocyte
) Pro- ‘s. atrol 24 | 031+0.05*|052+0.1° 0.5+0.01° 0.81+0.12
. ot THD 8 25+0.3% [3.75+0.21° 3.8+035° 50+0.8°
vivo :
3  Treatment :
[20 mg/day -| 20 | 4.73+£0.72° |5.02 £ 0.16° 6.2+1.1° 123+£1.5°
pr and P 20 mg/day ‘
\arma- F + 10 | 485+0.72° | 5.1+ 0.81° 6.7 +2.0° 11.5+£3.0°
J40 mg/day
N 20 mg/day
car- -+ 10 | 1.43+0.19% | 2.05+0.1¢ 1.8+0.39 3.3+0.12¢
in- 25 mg/day
Number of subjects.
Car- Imes with non-identical superscripts (a, b, ¢, d) are significantly different (P < 0.05)
iol  ’ Malondialdehyde, (ISDN) Isosorbide dinitrate, (PR) Propranolol, CA Carvedilol.
y . (3): Effects of (-blockers, Propranolol And Carvedilol, on Erythrocytes and Leuko-
) cytes Glutathione-s-transferase (Gst) Activity in Thd Patients Maintained on 20
Mg/day Isosorbide Dinitrate.
Pytes “ Treatment of GST Activity u/mg Protein
jate.  Patients Groups " Erythrocyte Leukocyte
, Control 24 041 +0.05% 10.2+1.3?
E Acute IHD 8 6.82+1.1° 183 £2.4°
Pefore Treatment
DN 20 mg/day 20 19.6 £2.5° 41.15x4.7°
F BSDN 20 mg/day
+ 10 23.8+3.6° 50 +4.9¢
| - PR 40 mg/day
} ISDN 20 mg/day
u ' + 10 21.2+3.0°¢ 47+5.04
| CA 25 mg/day
¥ _n = Number of subjects. )
] - Values with non-identical supcgscxip(s (a, b, ¢, d) are significantly different (P < 0.05)

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

[
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Table (4): Effects of B-blockers, Propranolol and:@arvedilol, on Erythrocytes and Leuko-

cytes Gsh-px and Gsr Enzymes Activi

day Isosorbide Dinitrate.

ties.in Thd Patients Maintained on 20 Mg/

Treatment of GSH-Px ACtiVity u/mg Protein GSR ACthlty u/mg Protein
Patients Groups n Erythrocyte | Leukocyte Erythrocyte Leukocyte
Control 24 | 2.810.04* |3.1+0.15 0.68 £ 0.012 558+ 1.1
Acute [HD 8 | 30+036% | 5.8+06° 1.4 +0.4° 7.26+1.5°
Before Treatment
ISDN 20 mg/day | 20 | 12.3+£26"% | 14.5+3.0° 98 +2.1° 24.8+3.9°
ISDN 20 mg/day
+ 10 | 1275+3.0° | 13.8£1.9° 11.6 £ 1.9° 24.0£4.2°
PR 40 mg/day
ISDN 20 mg/day
+ 10| 52+09° | 6.1+1.1° 6.9+ 1.2b 10.8 +1.8¢
CA 25 mg/day

- n = Number of subjects.

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

- (ISDN) Isosorbide dinitrate, (PR) Propranolol , (CA) Carvedilol, (GSH-Px) Glutathione per-
oxidase, (GSR) Glutathione reductase.

Table (5): Effects of 8-blockers, Propranolol and Carvedilol, on Erythrocytes and Leuko-
cytes Catalase and Superoxide Dismutase (Sod) Enzymes Activities in Thd Pa-

tients Maintained on 20 Mg/day Isosorbide Dinitrate.

Treatment of

Catalase Activity u/mg Protein x10°

Superoxide Dismutese Activity u/mg Protein x 107

n

Patients Groups Erythrocyte | Leukocyte Erythrocyte Leukocyte
Control 24 | 134008 | 0.15+0.01° | 4.21+0.6* 76+ 1.2°
Acute [HD 8 [216+031°| 23+03> | 68+0.7° 18.3+3.0°

Before Treatment
ISDN 20 mg/day | 20 | 5.6+09° 11.3+1.2° 12.5+2.1° 28.9+2.6°

ISDN 20 mg/day
+ 10| 61+1.5° 11.8+095 | 11.8+26° 27.0 £4.0°

PR 40 mg/day

ISDN 20 mg/day

+ 10 | 2.8+0.26¢ 59+0.51¢ 7.1 +1.0¢ 11.3+1.7¢
CA 25 mg/day ‘

- n = Number of subjects.
- Values with non-identical superscripts (a, b, ¢, d) are significantly different (P < 0.05).
- (ISDN) Isosorbide dinitrate, (PR) Propranolol , (CA) Carvedilol.
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