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The aim of the study was to determine the effect of the often applied
drugs in cardiovascular diseases (metoprolol, acetylsalicylic acid, simvasta-
tin and molsidomine) on antioxidative/oxidative balance in vivo. The deter-
mination of oxidative status was based on measurements of concentration of:
thiobarbituric acid reactive substances (TBARS – lipid peroxidation prod-
ucts), protein carbonyl groups (marker of proteins oxidative injury), nitroty-
rosine (marker of NO-mediated tissue damage) and sulfhydryl groups (pro-
tein oxidation product). The assays were performed in the plasma and whole
blood of rabbits after three weeks of daily intragastric administration of the
drugs mentioned above. It was shown that all drugs except acetylsalicylic
acid caused an increase in the plasma and hemolysate levels of TBARS. No
changes in nitrotyrosine concentration were observed after drug administra-
tion. The content of carbonyl groups did not change after administration of
metoprolol, but increased significantly after simvastatin and molsidomine
administration. Blood sulfhydryl group concentration was not changed by
metoprolol but it significantly decreased after acetylsalicylic acid and in-
creased significantly after molsidomine administration.
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Abbreviations: ASA – acetylsalicylic acid = as-
pirin, BH4 – tetrahydrobiopterine, eNOS – endo-
thelial NO synthase, NO – nitric oxide, O�

�� – su-
peroxide radical, OH – hydroxyl radical, ONOO� –
peroxynitrite, ROS – reactive oxygen species,
SIN-1 – 3-morpholino-sydnonimine, TBARS –
thiobarbituric acid reactive species.

INTRODUCTION

In the human body, under normal conditions,
a partially reduced forms of oxygen, including ac-
tive oxygen (monovalent and/or divalent), superox-
ide anion, hydrogen peroxide and hydroxyl radical
are produced [16]. These reactive oxygen species
(ROS) are highly reactive and initially they attack
three main cellular components: lipids, proteins
[12] and deoxyribonucleic acid. Peroxidation of
cell membrane lipid disrupts their fluidity and per-
meability. Lipid peroxidation can also adversely af-
fect function of membrane-bound proteins, such as
enzymes and receptors. ROS can affect many kinds
of proteins, interfering with enzyme activity and
function of structural proteins. Lipid peroxidation
as well as oxidation of functional proteins have
been suggested to affect cardiac and endothelial
cell function [14].

There are several mechanisms of defence,
called antioxidant which decrease concentration of
ROS. Antioxidants have been defined “as substances
that delay or inhibit oxidative damage to a target
molecule” [15, 16, 24]. An antioxidant in the body
may act in five different ways: replacing damaged
“target molecules”, reducing formation of reactive
species, repairing damaged “target molecules”,
binding metal ions required to the formation of
highly reactive species (such as OH), scavenging
reactive species either by using enzymes or directly
by reaction whereby the antioxidant itself would be
used up. In human body, many antioxidative sys-
tems are used [13]. Generally, they can be divided
into enzymatic and nonenzymatic systems [26].
The exact activity of a given antioxidant depends
on kind of the reactive species involved [18].

In 1991 Sies defined an oxidative stress as
“a disturbance in pro-oxidant/anti-oxidant balance
in favour of the first one, leading to potential dam-
age” [31, 15]. This kind of unbalance generally re-
sults from a decrease in an antioxidant and/or in-
crease in reactive species. Shift of the pro-
oxidant/anti-oxidant balance in favor of oxidation

have been described in the pathogenesis of various
diseases [14, 26], including cardiac disease [11];
ischemia reperfusion injury� catecholamine-induced
arrhythmias and drug-induced cardiotoxity.

The aim of this study was to determine effect of
drugs, frequently applied in cardiovascular dis-
eases, [acetylsalicylic acid (ASA), metoprolol, sim-
vastatin, and molsidomine] on anti-oxidative/oxi-
dative balance in blood of rabbits.

MATERIALS and METHODS

The study was performed on 48 healthy rabbits
(consent of Local Ethics Committee £/BD/ of 28th
May, 2002) (Belgian giant) of both sexes, with aver-
age weight of 3 kg. The animals were fed standard
granulated diet with unlimited water supply, and
they were housed at 18°C, and air humidity of 55%.

The oxidative status was determined by meas-
urement of selected parameters: (i) thiobarbituric
acid reactive species (TBARS, lipid peroxidation
products) with Rice-Evans at al. method [30], (ii)
protein carbonyl groups (as marker of oxidative in-
jury of proteins), according to Levine et al. [23]
and Reznick and Packer method [29], (iii) nitroty-
rosine (marker of NO-mediated tissue damage),
Khan et al. [20] and Ter Steege et al. [34] method,
and (iv) sulfhydryl groups (protein oxidation prod-
ucts) by Ellman method [9]. Hemoglobin was as-
sayed with Drabkin’s reagent. Concentration of pro-
teins was measured according to the Lowry’s method.
Assays were performed in plasma and whole blood of
rabbits after three weeks of daily intragastric admini-
stration of ASA (4.29 mg/kg), metoprolol (at dose of
6.42 mg/kg), simvastatin (3.43 mg/kg), and molsi-
domine (0.69 mg/kg). At the same time the control
group of rabbits was given water by gastric tube.

Statistical interpretation of the data was based
on the calculation of the mean value and standard
deviation. In case of abnormality of the distribu-
tion, the non-parametric U-Mann-Whitney test was
used (using the Statistica program, licence nr SP
1054888009G51).

RESULTS

The results of our study are presented in Table 1.
We found that all drugs except ASA caused an

increase in TBARS levels in plasma and hemo-
lysates. Plasma TBARS level in control group was
0.78 ± 0.14 �M/l, while the respective values for
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groups treated with metoprolol, simvastatin, molsi-
domine and ASA were 1.06 ± 0.19 �M/l, 0.95 ± 0.34
�M/l, 1.35 ± 0.28 �M/l, and 0.80 ± 0.32 �M/l, re-
spectively. TBARS concentration in hemolysate of
control group was 1.80 ± 0.15 �M/l and it
amounted to 3.25 ± 0.18 �M/l for metoprolol, 2.40
± 0.39 �M/l for simvastatin, 2.51 ± 0.14 �M/l for
molsidomine. No changes in nitrotyrosine concen-
tration were observed between control group and
group of rabbits receiving the investigated drugs.
Carbonyl group concentration in control group was
0.158 ± 0.064 nM/l, and it not changed after
metoprolol, but significantly increased after sim-
vastatin, ASA and molsidomine treatment. Sufhy-
dryl group concentration in control group was
5.005 ± 0.989 mM/l and after ASA and simvastatin
treatment decreased significantly to 3.256 ± 0.595
mM/l and 1.072 ± 0.124 mM/l, respectively. Only
molsidomine caused an increase of the level of sulf-
hydryl group to 5.733 ± 0.688 mM/l.

It is concluded that all applied drugs (metoprolol,
simvastatin and molsidomine) except ASA caused
increased peroxidation in rabbits.

DISCUSSION

Oxidative stress and inflammation play impor-
tant role in development of cardiovascular diseases.
It is important to know whether cardiological drugs
often used in clinical practice influence oxida-
tive/antioxidative balance. In the study, four drugs
were investigated: metoprolol, simvastatin, ASA
and molsidomine. Metoprolol at a dose of 6.42
mg/kg caused an increase in TBARS concentration
in plasma and haemolysates of rabbits, not change
concentrations of nitrotyrosine, carbonyl group and

sulfhydryl group were not changed. Previous re-

search on the effects of �-blockers on free radical

revealed that carvedilol prevented hydroxyl

radical-induced cardiac contractile dysfunction in

human myocardium [10], but metoprolol did not

have similar effect [18]. Arumanayagam et al. [1] re-

ported lack of antioxidative properties of metoprolol.

Lysco et al. [25] and Nakamura et al. [27] showed

that carvedilol had far greater antioxidative activity

than metoprolol, while Kukin et al. [22] revealed

that long-term administration of these drugs de-

creased TBARS concentration in plasma. Other

authors [2, 35] also confirmed that �-blockers re-

duced oxidative stress but metoprolol elicited it

only to a small extent. The presented results sug-

gest that metoprolol does not have antioxidative

properties but rather exerts oxidative action.
Simvastatin administration, examined in the

present study, caused an increase in TBARS con-

centration in plasma and hemolysate, significantly

increased carbonyl group level, decreased sulfhy-

dryl group content and did not change nitrotyrosine

concentration. Literature data suggest that benefi-

cial effect of simvastatin on the oxidative stress and

endothelial dysfunction is a consequence of both

direct action and lipid-lowering effect [3, 6, 7]. The

efficiency of inhibition of superoxide anion pro-

duction by various statins was ranked in the follow-

ing order: pravastatin < cerivastatin < lovastatin <

fluvastatin < simvastatin [8]. Imaeda et al. [17] re-

ported, however, that simvastatin and pravastatin

did not have anti-oxidative properties. Then, the lit-

erature data concerning the antioxidative effect of

simvastatin are inconsistent.
Results presented here indicate that ASA does

not change the concentration of the oxidative stress
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Table 1. Concentration of TBARS in plasma and hemolysate and nitrotyrosine and carbonyl groups in plasma and sulfhydryl groups
in blood of control and test rabbits

Control Metoprolol Acetylsalicylic acid Simvastatin Molsidomine
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markers after three weeks of drug administration to

the rabbits, exept the decrease in TBARS level in

hemolysates by about 31.8% and sulfhydryl group

by about 35%. It may suggest antioxidative proper-

ties of ASA. These results are similar to the earlier

communications. ASA, a mild analgesic anti-

infamatory and antithrombotic drug, has also an an-

tioxidative effects [32]. Wu and Champlain [36] re-

ported that chronic ASA treatment reduced in

dose-dependent manner, vascular O/
9: production

through its antioxidative effects. Although ASA did

not show any short-term effect in vitro and in vivo,

long-term treatment (100 mg/kg/day, 12 days) sig-

nificantly reduced basal O/
9: production [37].

Similar results were obtained by Oberle et al. [28],

but the mechanism underlying antioxidant action of

ASA is still unknown. Cheng et al. [4] suggest that

in vivo ASA is rapidly hydrolyzed to salicylic acid,

that readily binds iron ions released in conditions

of oxidative stress and/or inflammation. This is an

important observation since many physiological

complexes of iron ions are responsible for oxida-

tive damage by the Fenton reaction [4].
Molsidomine administered for three weeks to

rabbits caused significant increase in concentra-

tions of TBARS, carbonyl groups and sulfhydryl

groups in plasma and hemolysates. These results

prove that molsidomine at this concentration acts

as an oxidant [19]. Molsidomine, used in conges-

tive heart failure and myocardial ischemic episodes

is converted to SIN-1 [33]. Then SIN-1 is decom-

posed in three-step transformation process to SIN-

1C, NO and O/
9:. As NO radical reacts with super-

oxide, the product of the reaction is peroxynitrite

(ONOO9), a potent oxidizing agent, that has been

suggested to play significant role in several patho-

logical conditions [21]. Peroxynitrite is known to

avidly oxidize BH$ an essential cofactor of eNOS

[5]. The deficiency or oxidation of BH$ by ROS

may influence eNOS enzyme causing O/
9: instead

of :NO producing, and thereby increasing of oxida-

tive stress. Consequently, SIN-1 can generate both

peroxynitrite and :NO, in the ratio dependent upon

the oxygen concentration and the concentration of

endogenous oxidants. At the relatively low in vivo

oxygen concentrations, SIN-1 is likely to behave

more like a NO radical than peroxynitrite donor

[33]. NO appears also to act as an inhibitor of lipid

peroxidation (termination of lipid peroxidation), and

a scavenger of peroxynitrite radical [37], so this

radical can act as an anti-oxidant and as an oxidant.
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