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Abstract

Oxidative stress plays an important role in the pathogenesis of hypertension, and oxidative
imbalance involved in the development of endothdlial dysfunction and vascular complications like
atherosclerosis. It isimportant nowaday to eval uate the antioxidant effects of antihypertensive drugs
in addition to blood pressure lowering effects, since this may provide a better treatment approach
and participate in the prevention of complications of hypertension. We studied the antioxidant
effects of atenolol, captopril, and their combination on 60 hypertensive patients aged from 45 — 60
years, treated for one year with different treatment lines and compared the results with healthy
controls. Serum reduced glutathione (GSH) levels were estimated as a marker of oxidative statusin
the blood and lipid peroxidation at endothelial cell membrane was evaluated by measuring its
byproduct, malondialdehyde (MDA) in the blood utilizing spectrophotometric techniques. Oxidative
imbalance was present in all hypertensive patients in comparison with controls. Serum GSH levels
significantly reduced and serum MDA levels significantly elevated in patients using atenolol and
captopril alone, while patients who used atenolol/captopril combination significantly maintained
blood GSH and MDA at levels closer to that of controls. Combination therapy was found to reduce
GSH depletion and lipid peroxidation more than captopril, and captopril more than atenoladl. In
conclusion, combination therapy provides better protection against oxidative stress associated with
hypertension, and hence better prevention of complications like atherosclerosis than both atenolol
and captopril used alone.
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Introduction reactive biomolecules with an
lood pressure control is the unpaired electron in their outer orbital
most important component in that can cause damage to protens,
the management of patients lipids, membrane, DNA and alteration

with hypertension. In particular, - in the intracellular environment [8].

blockers and angiotensin converting Antioxidants are molecules acts as

enzyme inhibiters (ACEIls) are widely free radica scavengers. Most
used for the treatment of hypertension antioxidants are electron donors and

[1,2]. In addition to blood pressure react with the free radicals to form

control, prevention of complications innocuous end products such as

represents a great challenge in the water. Thus, they protect against
managements of hypertension, since oxidative stress and prevent damage
hypertenson is considered as to cels [9]. In hypertension the
cardiovascular  risk  factor  that deficiencies of antioxidant molecules
increases the risk of development of and enzymes can increase the risk of
atherosclerosis through induction of atherothrombotic cardiovascular
oxidative stress on the arterial wall disease [10]. Some antihypertensive
[3]. Regardless of the underlying drugs may also exert antioxidant and
pathological mechanisms, oxidative cytoprotective effect against free
stress seems to be present in all forms radica mediated vascular injury
of hypertension [4]. Oxidative stress [11,12]. Atenolol and captopril are
is defined as an imbalance between widely used as antihypertensive drugs
oxidants and antioxidants in favor of in lrag, and many previous clinical

oxidation that plays a key role in the and animal studies observed a

pathophysiology of severa maor possible antioxidant role for ACEls

cardiovascular diseases [5]. There are and B-blockers [13-16]. The am of
evidences suggesting that angiotensin this study is to evaluate the effects of

Il plays an important role in atenolol,  captopril, and ther

stimulating the production of reactive combination on oxidative stress

oxygen gpecies (ROS) and the through estimation of the level of
activation of ancient inflammatory reduced glutathione (GSH) that
mechanism [6,7]. ROS are highly represents the most important
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antioxidant substance in the body
[17]. and by studying their effects on
lipid peroxidation that represents an
important oxidative process in the
endothelial cell membranes involved
in the development of atherosclerosis
and hypertension [3]. This study will
provide information about the
cytoprotective ability of atenolol and
captopril in reducing vascular damage
and hence reducing complications,
frequently associated with
hypertension in addition to their well
known ability in lowering blood
pressure.

Patients and M ethods

1. Patients

The subjects (patients and control)
were studied at Al-Mustafa Public
Medical Clinic (MPC) in Kerbaa
city, 80 individuas were included in
this study aged from 45 — 60 years,
weighted from 72 — 82 kg, 47 were
men and 33 were women. None of
them refused to participate. They
were divided into 4 groups:-

Group A : 20 healthy age-matched
individuals ( control group ).

Group B : 20 hypertensive patients
on atenolol ( 100mg/ day ) for 1 year.
Group C : 20 hypertensive patients
on captopril ( 100 mg / day ) for 1
year.

Group D : 20 hypertensive patients
on combination therapy ( atenolol 100
mg / day + captopril 50 mg/ day ) for
1 year.

The doses of the drugs were adjusted
to maintain systolic blood pressure
between 120 and 140 mmHg, and
diastolic blood pressure between 80
and 90 mmHg. Hypertensive patients
were regularly followed up at MPC,
and those who exceeded one year of
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therapy were prepared for sample
collection.

2. Samples Collection:

Blood samples (5 ml) were collected
from al subjects in this study during
the period from March 2007 to
September 2007, and serum was
obtained after centrifugation a 3000
rpm . The serum samples were stored
a (-20 CO) during the period of
collection. At the end of the period,
serum samples were transferred to the
Pharmacology Laboratory, at College
of Medicine - University of Babylon
where the biochemical analysis
performed.

3. Biochemical Analysis

A- Estimation of GSH:

Serum GSH level was estimated
according to the method of Ellman
[18]. The used reagents were supplied
by Biochemical's Co. L.t.d. for EDTA
(Ethylene diamine tetracetic acid)
and Sigma Co. L.t.d. for DTNB
(Dithiobis nitro benzoate). The assay
mixture contained supernatant and
DTNB (0.01 M), trichloroacetic acid
(TCA) 50 % , EDTA buffer (0.4 M )
PH =9. (Unico Spect. 2100 IRC )
spectrophotometer was used to read
the final results at 412 nm. GSH was
expressed a  pmol/ml using
Molecular Extinction Coefficient of
Chromophore (1.74 x 10 * x M*em™)
[19].

B- Lipid peroxidation assay:

The quantitative measurement of lipid
peroxidation was performed by

measuring the amount of
malondialdehyde (MDA) in the
blood. Serum MDA level was

determined according to the method
of Tomotsu [20]. All chemicals were
supplied by Merck Co. L.t.d. The
assay mixture contained serum (1 ml
), 20 % TCA, 0.6 % Thiobarbituric
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acid (TBA), and N-Butyl alcohol.
Same spectrophotometer was used to
read the final results at 530 nm. MDA
was expressed as nmol/ml using
Molecular Extinction Coefficient of
Chromophore ( 1.56 x 10 > M*cm™)
[20].

4, Statistical analyss.

The data was expressed as mean =+
SEM  unless otherwise sated.
Statistical analysis had been done by
usng pared t-test and ANOVA
utilizing SPSS version 11. Significant
difference was set at o = 0.05.

Results

Serum glutathione levels were
reduced in hypertensve patients
taking atenolol (mean = 0.507 + 0.032
pmol/ml) as compared with controls
(mean +SEM = 0.88 + 0.0401
pmol/ml),. Captopril was found to
keep serum GSH at higher levels
(mean + SEM = 0.654 + 0.071
pmol/ml) than that observed with
atenolol. In combination therapy
serum glutathione level ( mean =
0.669 + 0.012 pmol/ml) was higher
than both atenolol and captopril used
aone Figurel., Tablel.

Regarding serum MDA, there
was clear elevation in their levels in
hypertensive patients taking atenolol
(mean £+ SEM = 0.791 + 0.061
nmol/ml) as compared with controls
(mean £+ SEM = 0.491 + 0.027
nmol/ml). In patients taking captopril,
although MDA serum levels were
higher than control (0.664 + 0.019
nmol/ml), but were less than those
observed with atenolol. The use of
combination therapy was shown to
reduce the levels (mean + SEM =
0.607 + 0.0201 nmol / ml) of serum
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MDA more than both atenolol and
captopril used alone, Figure 2, Table
1.

Comparison of mean differences
among groups showed that, there was
significant ( p < 0.05) reduction in
GSH levels in both atenolol and
captopril  groups but not with
combination group in comparison
with control group, also combination
therapy dgnificantly ( p < 0.05)
maintained GSH levels higher than
atenolol group. Table 2. Regarding
lipid peroxidation, there was
significant ( p < 0.05) increment in
MDA levels in both atenolol and

captopril  groups but not with
combination group in comparison
with  control group, aso in

combination group MDA levels were
significantly ( P < 0.05) lower than
that of atenolol group. Table 3.

Regarding captopril  group
although serum GSH levels were
higher and serum MDA levels were
lower than that observed in atenolol
group, but the mean difference was
statistically non significant ( p > 0.05
) Also the mean difference was
statistically non significant ( p > 0.05
) between combination and captopril
groups for both GSH and MDA
levels. Table 2., Table 3.

Discussion

In this study, there was clear
oxidative imbalance present in all
hypertensive patients (group; B, C,
and D) in comparison with non-
hypertensive controls  (group; A),
regardless the type of
antihypertensive drug used in the
treatment. The same findings were
observed by (Baykal, ...et a) in a
previous study [14]. This is clarified
by reduced serum GSH levels (Figure
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1) and increased serum MDA levels
(Figure 2) in al hypertensive patients
as compared with controls, this is
agrees with studies suggesting that
oxidative stress plays an important
role and present in al forms of
hypertension [21, 4]. Although the
oxidative imbalance in patients taking
atenolol and patients taking captopril
was significantly differ from control,
the reduction in serum glutathione
and elevation in serum MDA in
patient taking combination therapy (
atenolol + captopril) was statistically
not significant from controls. i.e. the
oxidative imbalance was minimum.

Glutathione is a potentialy
powerful and reliable biomarker of
oxidative stress status and frequently
used to evaluate whether, and to what
extent, oxidative stress may be
involved in various diseases [22].
lipid peroxidation byproduct (MDA)
isalso used as a marker for oxidation
of lipoproteins in the wall of blood
vessels that participates in the
development of atherosclerosis and
hypertension [23].

In  comparison  between
groups, Figure 1 and Figure 2 showed
that, the reduction in serum GSH
levels and elevation in serum MDA
levels in patients taking atenolol 100
mg/day was much greater than those
taking captopril 100 mg/day. This is
because captopril is an ACEI that
prevents the  production  of
angiotensin Il, which plays an
important role in the development of
oxidative stress (reduction of GSH
and elevation of MDA level in blood)
in hypertensive patients [7]. While
atenolol has minimal effects on
angiotensin |1 production in the body
through the inhibition of rennin-
angiotensin system. This antioxidant
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property of captopril was observed in
previous studies [24,25]. The
molecular mechanism by which
captopril increased the GSH levels
and decreased MDA levels is that the
induction of angiotensin Il increases
the generation of ROS through the
membrane bound NADH / NADPH
oxidase, so, ACElIs decrease the level
of angiotensin Il that leads to
decrease the ROS production causing
decrease GSH depletion, [24]. and
decrease MDA production [25]. also
angiotensin 11 is a potent stimulant of
inflammatory mediators (prostagla-
ndins, prostacyclines, thromboxane,
and leukotrienes) which play an
important role in ROS generation and
oxidative stress, so, inhibition of ACE
leads to inhibition of inflammatory

mediators release and ROS
production [26].
Regarding atenolol, many

previous studies observed weak or
insignificant antioxidant properties, in
relation to other p-blockers like
propranolol, pindolol, and metaprolol
[13,27]. Thiswesak effect was clear on
lipid peroxidation probably because
atenolol is a hydrophilic blocker and
ineffective  in  reducing lipid
peroxidation even a  €eevated
concentrations, while lipophilic beta-
blocking drugs apparently are capable
of exerting an antioxidant effect in
protecting membrane lipids against
peroxidation [28].

Other studies compared the
antioxidant effects of atenolol with
losartan  (an angiotensin receptor
blocker), demonstrated that losartan
significantly improved endothelia
function in patients with hypertension
compared with atenolol through an
antioxidant effect, independent of the
blood pressure-lowering effect [29].
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Also losartan was found to reduce
lipid peroxidation (reduce MDA
levels in blood) more than atenolol in
a comparative experimental animal
study [30]. These findings are in
agree with our findings, because
angiotensin receptor blockers were
found to have similar antioxidant
properties of  ACEI through
prevention of angiotensin 11 effects on
vascular endothelium [14].

The reduction in serum GSH
levels and elevation in serum MDA
levels were minimal, and significantly
maintained at levels closer to that of
controls in patients with combination
therapy ( atenolol 100 mg/day +
captopril 50 mg/day ). To our
knowledge, there were no data about
the relationship  between  this
treatment line and oxidative stress, a
possible explanation is that atenolol
may enhanced the antioxidant effects
of captopril by a synergistic
mechanism. Similar findings were
observed by ( Ewis SA and Abdel-
Rahman MS) in their study on the
effects of atenolol and metformin on
blood and liver GSH levels in rats.
They showed that treatment with
atenolol alone did not change GSH

levels significantly, however
administration of metformin or
atenolol/metformin combination

increased significantly the GSH levels
in both liver and blood [31].

Conclusions

- The wuse of atenolol/captopril
combination in the treatment of

hypertension, significantly

maintained blood GSH and MDA at

levels closer to that of non-

hypertensive controls.

- Atenolol/captopril combination

therapy significantly increases GSH
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and reduces MDA blood levels than
the use of atenolol aone in the
treatment of hypertension.

- The use of combination therapy
provides better protection against
oxidative stress associated with

hypertension, and hence better
prevention of complications like
atherosclerosis  than both atenolol

and captopril used alone.
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Figure 1 Glutathione levels in the study groups

MDA
nmol/ml

Control Atenolol Captopril Atenolol+Captopril

Figure 2 MDA levelsin the study groups

Table 1 GSH and MDA levelsfor al groups.

Control Atenolol Captopril Combination

Mean+ SEM | Mean+ SEM | Mean+ SEM Mean + SEM

GSH

( umol/ml ) 0.88+0.0401 | 0.507+0.032 | 0.654+0.071 | 0.669+ 0.012

MDA
(nmol/ml) | 0.491+0.027 | 0.791+0.061 | 0.664+0.019 | 0.607 + 0.0201
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Table 2 Comparisons between mean differences of serum GSH levels (umol/ml) in

different groups.

Atenolol group | Captopril group

Combination group

Control group

0.395+0.011 *

0.266 +0.02

*

0.212 +0.013

Combination group

0.183+0.02 * | 0.025+0.04

Captopril group

0.129 +0.101

* P<0.05 Significant
Table 3 Comparisons between mean differences of serum MDA levels (nmol/ml)

in different groups.

Atenolol Captopril Combination
group group group
Control group 0.3+0.013 0.173+0.08 * | 0.117 +0.031
Combination group 0.148 +0.07 | 0.025+0.019
Captopril group 0.127 +0.02

* P < 0.05 Significant
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