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Abstract Objective: Carvedilol is a nonselective b- and
a1-receptor antagonist with additional antioxidant
properties in vitro. In this study, we assessed the antiox-
idative potential of carvedilol in cell culture and in anti-
hypertensive doses in healthy men.
Methods: In vitro, human cultured endothelial cells were
treated with native low-density lipoprotein (LDL),
oxidized LDL or tumor necrosis factor (TNF)a in the
absence and in the presence of carvedilol (40 lM); 8-iso-
prostaglandin (PG)F2a, as parameter of oxidative stress,
was determined in the supernatants. In a double-blind,
randomized, cross-over study, 17 healthy men received
25 mg carvedilol b.i.d., 100 mg metoprolol b.i.d. or pla-
cebo for 6 days. After each treatment, systemic oxidative
stress was assessed by measuring urinary excretion of
8-iso-PGF2a and 2,3-dinor-5,6-dihydro-8-iso-PGF2a,
and the plasma concentration of 3-nitrotyrosine by
means of gas chromatography-tandem mass spectrome-
try. In addition, thiobarbituric acid-reactive substances
(TBARS) in plasma were assessed using spectropho-
tometry.
Results: Native LDL and oxidized LDL induced 8-iso-
PGF2a production in endothelial cells. Carvedilol signif-
icantly reduced this effect (e.g., for oxidized LDL:
2.66±0.22 pg vs 1.46±0.14 pg 8-iso-PGF2a per lg
protein, P<0.05). In healthy volunteers, carvedilol and
metoprolol markedly decreased blood pressure and heart
rate, but had no statistically significant effect on any
indicator of oxidative stress measured. Remarkably,
a trend toward reduction of urinary isoprostanes and

3-nitrotyrosine in plasma by both active treatments was
observed, suggesting a non-specific antioxidative effect by
b blockade.
Conclusions: In vitro, the antioxidative potential of
carvedilol was confirmed. In healthy men, antihyperten-
sive doses of carvedilol exert no specific inhibition of
oxidative stress.
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Introduction

Carvedilol, a vasodilating and nonselective b- and
a1-adrenoreceptor antagonist, has been associated with
additional antioxidative effects. Carvedilol and its
metabolites, especially BM 91.0228, act as antioxidatives
in vitro with a potency 30 to 80 times higher than vitamin
E or probucol [1]. Carvedilol has been shown to inhibit
lipid peroxidation ofmyocardial cell membranes and thus
protects endothelial and vascular smooth muscle cells
from free radical-mediated injury [2]. Carvedilol has also
been shown to scavenge peroxy radicals in chemical
systems in vitro [3]. Studies in humans have suggested that
these in vitro findings may translate into antioxidative
effects in vivo [4, 5, 6, 7]. However, themethods applied so
far to assess generation of free radicals, i.e., measurement
of thiobarbituric acid-reactive substances (TBARS),LDL
or DNA oxidation, are doubtful [8, 9]. Now, with the
discovery of the isoprostanes and 3-nitrotyrosine and the
recognition of their usefulness as biomarkers of oxidative
stress, more reliable analytical parameters are available to
assess oxidative status in vivo [9, 10].

Isoprostanes are prostaglandin (PG)-like compounds
that are produced by nonenzymatic free-radical-catalyzed
peroxidation of esterified arachidonic acid [9]. Formation
of 8-iso-PGF2a, one of the most abundant isoprostanes
formed in vivo, was found to be elevated in animals
exposed to experimentally induced oxidative stress as well
as in certain cardiovascular diseases [11, 12]. 8-Iso-PGF2a
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and its main metabolite 2,3-dinor-5,6-dihydro-8-iso-
PGF2a are excreted into urine, thus providing a non-
invasive parameter to assess oxidative stress in vivo [13].

3-Nitrotyrosine, a novel marker of reactive nitrogen
species mediated oxidative stress, is formed from the
nitration of tyrosine and tyrosine residues in proteins by
the strong oxidant peroxynitrite (ONOO)) [10, 14].
Peroxynitrite itself is formed from the diffusion-con-
trolled reaction of nitric oxide (NO) with superoxide
(O2

)). 3-Nitrotyrosine occurs physiologically in plasma
and is found at increased amounts in atherosclerotic
lesions and early fatty streaks [15].

The aim of the present study was to test the putative
antioxidative potential of carvedilol and its metabolite
BM 91.0228 in cultured human endothelial cells and in
vivo in healthy humans by assessment of oxidative stress
caused by reactive oxygen species (ROS) as well as
reactive nitrogen species (RNS) as reflected by the
isoprostanes 8-iso-PGF2a and 2,3-dinor-5,6-dihydro-
8-iso-PGF2a, 3-nitrotyrosine, and TBARS.

Methods

In vitro experiments

Preparation of native and oxidized LDL

Native and oxidized low density lipoprotein (LDL and oxLDL,
respectively) were prepared as described by Esterbauer et al. [16].
Briefly, LDL was isolated by density-gradient ultracentrifugation
of normal human fresh frozen plasma. oxLDL was prepared by
incubating native LDL with 2.5 lM CuSO4 at 37�C for 24 h.

Cell culture

The permanent human endothelial cell line, EAÆhy 926, which was
derived by fusing human vein endothelial cells with the permanent
human cell line A549, was generously supplied by Dr. Cora-Jean
Edgell, University of North Carolina. Cells were cultured in Dul-
becco’s modified Eagle medium (GIBCO BRL) containing 10 ml of
HAT supplement (100 lM hypoxanthine, 0.4 lM aminopterine,
16 lM thymidine; GIBCO BRL) and 50 ml of heat-inactivated
fetal bovine serum (GIBCO BRL) on plastic ware at 37�C in
humidified air with 5% CO2. After dissociation of the endothelial
cells with trypsin-EDTA (GIBCO 784BRL), cells were plated into
6-well culture plates (Corning Inc.).

After 3 days, cells were washed with phosphate buffered saline
(PBS) before they were incubated with native LDL (2000 mg/l),
oxLDL (300 mg/l), tumor necrosis factor a (TNFa; 200 U/ml,
Sigma) or PBS as control for 4 h in the presence or absence of
40 lM carvedilol or 40 lM BM 91.0228. Experiments were carried
out in triplicate.

In vivo study

Subjects

Seventeen healthy men, mean (±SD) age 24.2±2.5 years (age
range 20–27 years) were included in this study. Inclusion criteria
were: male, age 18–35 years, healthy, written informed consent.
Exclusion criteria were: acute or chronic diseases, intake of legal or
illegal drugs or alcohol, smoking, systolic blood pressure at rest

below 120 mmHg. Inclusion and exclusion criteria were controlled
by clinical history, physical examination, laboratory screening, and
12-lead electrocardiography. The study was approved by the ethics
committee of the Medizinische Hochschule Hannover.

Study protocol

The subjects received in a double-blind, randomized, placebo-
controlled, cross-over study design either carvedilol 25 mg b.i.d.
(12.5 mg b.i.d. on day 1 and day 2), metoprolol 100 mg b.i.d. or
placebo b.i.d. for 6 days. The study periods were separated by a
wash-out period of 6 days, each. Compliance was controlled by
observation of drug intake at 0800 hours in the study center; drug
intake at 2000 hours was controlled by telephone. Blood pressure
and heart rate were assessed on each day at 0750 hours, i.e., before
drug intake.

On day 6 of each medication phase, the subjects collected a 24-h
urine for analysis of 8-iso-PGF2a and 2,3-dinor-5,6-dihydro-8-iso-
PGF2a. Urine was collected in polypropylene bottles containing
1 mM each of 4-hydroxy-tempo (HTMP) and EDTA as antioxi-
dants. Urine samples were divided into 3·50-ml aliquots and stored
at )20�C until analysis. The same day, venous blood was collected
at 0755 hours using syringes containing ethylene diamine tetra-
acetic acid (EDTA) and placed immediately on ice. Blood was
centrifuged (800 g, 10 min) within 15 min after collection, and
plasma was stored at )78�C until analysis of 3-nitrotyrosine and
TBARS.

Biochemical analyses

Isoprostanes and 3-nitrotyrosine

8-Iso-PGF2a, 2,3-dinor-5,6-dihydro-8-iso-PGF2a and 3-nitrotyro-
sine were quantified by previously described fully validated gas
chromatography-tandem mass spectrometry (GC-MS/MS) meth-
ods using [2H4]-8-iso-PGF2a (Cayman, Ann Arbor, MI, USA),
[18O2]-2,3-dinor-5,6-dihydro-8-iso-PGF2a, and 3-nitro-L-[2H3]tyro-
sine as internal standards, respectively [17, 18]. Real samples were
accompanied by quality control samples as described previously
[17, 18]. Urinary excretion rates of 8-iso-PGF2a and 2,3-dinor-5,6-
dihydro-8-iso-PGF2a were corrected for excretion of creatinine
which was determined spectrophotometrically by the alkaline picric
acid reaction with an automatic analyzer (Beckmann 6641,
Galway, Ireland).

Aliquots (1.8 ml) of cell supernatants were spiked with 0.5 ng
[2H4]-8-iso-PGF2a. Urine samples (5 ml) were spiked with 5 ng of
[2H4]-8-iso-PGF2a and 5 ng [18O2]-2,3-dinor-5,6-dihydro-8-iso-
PGF2a. Samples were acidified to pH 3.5, analytes were solid-phase
extracted on octadecylsilica cartridges and eluted from the columns
with ethyl acetate. After solvent evaporation, the pentafluorobenzyl
esters were prepared, which were subsequently separated by thin-
layer chromatography and further converted to their trimethylsilyl
ether derivatives, and analyzed by GC-MS/MS in the selected
reaction mode exactly as described elsewhere [17].

Plasma samples (2 ml) were spiked with 6.5 nM 3-nitro-
L-[2H3]tyrosine, ultrafiltered by centrifugation at 1500 g using
20-kDa cut-off Centrisart ultrafiltration cartridges (Sartorius,
Germany), and aliquots (200 ll) of the ultrafiltrate samples were
analyzed by HPLC. Endogenous 3-nitrotyrosine and 3-nitro-L-
[2H3]tyrosine eluted in a single HPLC fraction; they were isolated by
solid-phase extraction, derivatized to their n-propyl ester-pentaflu-
oropropionyl amide-trimethylsilyl ether derivatives and quantified
by GC-MS/MS in the selected reaction monitoring mode as
described [18].

Quantification of plasma TBARS

TBARS in plasma were determined by the method of Cordova
et al. [19]. To the plasma sample (1 ml) or a 1,1,3,3-tetraethoxy-

84



propane (TEP) (Sigma) standard solution were added 100 ll of 2%
2,6-tert-butyl-4-methylphenol (BHT) (Sigma) in ethanol and 1 ml
of 20% trichloroacetic acid/0.6 M HCl solution. After centrifuga-
tion, a 0.2-ml aliquot of a thiobarbituric acid (TBA) solution
(0.12 M TBA/0.26 M Tris buffer, pH 7) was added to the super-
natant. The mixture was heated at 95�C for 60 min, then cooled to
and stored at 0�C until analysis by spectrophotometry at 532 nm.
Reagent blanks, TEP working standard solution, plasma specimens
and a quality control specimen were processed in duplicate
alongside with real samples.

Protein measurement

Protein concentration in the cell culture was measured by the
method of Lowry [20]. Cells were resuspended in 1 ml of distilled
water and lysed by rapid freezing and thawing. Cells were collected
from culture plates with a cell scraper. Cells and cell lysates were
centrifuged and supernatants were used for Lowry assay.

Statistical analyses

Data were analyzed with SPSS for Windows (release 11.0.1.,
SPSS Inc., Chicago, Illinois). All data are given as the mean
±SD. Statistical significance of differences for the in vitro
experiments was determined by analysis of variance (ANOVA)
followed by Scheffé’s F-test. For the in vivo study, student’s
paired two-tailed t-test was used. Spearman’s correlation coeffi-
cients were calculated between hemodynamic parameters (dia-
stolic and systolic blood pressure, heart rate) and the markers of
oxidative stress. Carry over effects were analyzed as described
by Hills and Armitage [21]. A P value <0.05 was considered
significant.

Results

In vitro study

Incubation of cultured human endothelial cells with
native LDL or oxLDL resulted in elevated concentra-
tions of 8-iso-PGF2a in the supernatant (Fig. 1). The
TNFa effect on 8-iso-PGF2a was not significant. Carv-
edilol and BM 91.0228 were equally effective in inhib-

iting 8-iso-PGF2a generation induced by LDL, oxLDL
or TNFa (Fig. 1).

In vivo study

Seventeen volunteers participated in the study, 15 sub-
jects completed the study in accordance with the study
protocol. Two volunteers were withdrawn; one of them
developed orthostatic hypotension during carvedilol
treatment and wished to discontinue; the other volunteer
had a common cold. No serious adverse events were
observed.

Intake of carvedilol and metoprolol resulted in a
statistically significant reduction in systolic and diastolic
blood pressure as well as heart rate compared with
placebo, proving compliance of the volunteers (Table 1).

Isoprostanes

Neither carvedilol nor metoprolol exerted a statistically
significant effect on urinary excretion of 8-iso-PGF2a

and 2,3-dinor-5,6-dihydro-8-iso-PGF2a compared with
placebo (Table 2).

3-Nitrotyrosine

Plasma concentrations of 3-nitrotyrosine did not change
significantly following carvedilol (0.87±0.31 pmol/ml)
or metoprolol (0.91±0.50 pmol/ml) compared with
placebo (1.10±0.56 pmol/ml).

TBARS

Plasma concentration of TBARS was 0.64±0.17 lM for
placebo and did not change after administration of
carvedilol (0.66±0.20 lM) or metoprolol (0.66±
0.16 lM).

Fig. 1 Concentration of 8-iso-
PGF2a in the supernatant of
human endothelial cell culture
after incubation with phosphate
buffered saline, low-density
lipoprotein (LDL), oxidized
LDL (Ox), or tumor necrosis
factor a (TNF) for 4 h without
(Contr) or with 40 lM
carvedilol (Carv) or 40 lM BM
91.0228 (BM). Mean±SD of
n=3, each. **P<0.001 vs PBS
Contr; �P<0.05 and ��
P<0.001 vs Contr of the same
incubation group (LDL Contr,
Ox Contr and TNF Contr,
respectively)
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Correlations

Urinary excretion of 8-iso-PGF2a and plasma concen-
trations of TBARS were positively correlated with
diastolic blood pressure (r=0.358, P=0.016 and
r=0.345, P=0.020, respectively). No significant correla-
tionwas found between urinary 2,3-dinor-5,6-dihydro-8-
iso-PGF2a or plasma 3-nitrotyrosine and hemodynamic
parameters.

Quality control

Endogenous urinary 8-iso-PGF2a (439±15 pg/ml) and
2,3-dinor-5,6-dihydro-8-iso-PGF2a (501±42 pg/ml),
plasma 3-nitrotyrosine (1.2±0.3 nM) and plasma
TBARS (0.63±0.05 lmol/l) were determined in the
quality control samples with an accuracy of 99.8±3.4%,
100.0±8.4%, 95.6±10.5% and 100.0±8.1%, respec-
tively. The levels of these biomarkers measured in the
present study are of the same order as those previously
measured in normal healthy humans [17, 18, 19]. This
confirmation and the high accuracy by which concomi-
tantly processed quality control samples were deter-
mined in the present study underline the validity of the
results observed for the isoprostanes, 3-nitrotyrosine
and TBARS.

No carry-over effects were detected for any of the
study parameters.

Discussion

In our in vitro study, LDL and oxLDL augmented the
generation of 8-iso-PGF2a in cultured human endothe-
lial cells. Carvedilol and its metabolite BM 91.0228

blunted this response suggesting that these agents pos-
sess antioxidative activity. The carvedilol metabolite BM
91.0228 is characterized by a lower adrenergic receptor
affinity, but by a threefold higher antioxidative potency
than carvedilol [1]. Thus, the results for BM 91.0228
suggest that the antioxidative activity in vitro is not
related to b-receptor blocking properties. Our findings in
vitro confirm previous in vitro studies using TBARS, the
activity of sarcoplasmic reticulum Ca2+-ATPase or
apoptosis in endothelial cells as parameters for oxidative
stress [22, 23, 24, 25]. In our and the other studies
mentioned, carvedilol was tested in vitro in concentra-
tions ranging from 2.6–40 lM [22, 23, 24, 25]. The
plasma peak concentration of carvedilol in therapeutic
dosage has been reported to be one to two orders of
magnitude smaller, i.e., 0.16–0.29 lM [26]. Only one ex
vivo study in isolated rabbit hearts showed anti-oxidant
activity of 0.1 lM carvedilol, a concentration that led
neither to b-blockage nor negative inotropism [27].

To examine the relevance of the in vitro findings in
vivo, we investigated the antioxidative effects of carv-
edilol at standard antihypertensive dosage in healthy
volunteers. While treatment with carvedilol 25 mg b.i.d.
for 6 days reduced heart rate and blood pressure, it did
not decrease significantly systemic oxidative stress in
healthy young men. However, there was a trend toward
reduction of urinary isoprostane excretion and plasma
3-nitrotyrosine concentrations by carvedilol. Remark-
ably, also for metoprolol a trend for a reduced excretion
of 2,3-dinor-5,6-dihydro-8-iso-PGF2a and plasma 3-ni-
trotyrosine concentrations was observed. Retrospective
sample size calculation based on the actual data
revealed that 262, 129 and 48 participating volunteers
would have been needed to show a significant differ-
ence of 8-iso-PGF2a, 2,3-dinor-5,6-dihydro-8-iso-PGF2a

and 3-nitrotyrosine, respectively. For the comparison,

Table 1 Blood pressure and heart rate of healthy volunteers before (day 1) and after (day 6) treatment with carvedilol 25 mg b.i.d.,
metoprolol 100 mg b.i.d. or placebo. Mean (SD) of n=15

Blood pressure (mm Hg) Heart rate (beats/min)

Systolic Diastolic

Placebo Day 1 126 (6) 72 (8) 76 (14)
Day 6 122 (9)� 71 (7) 77 (9)

Carvedilol Day 1 126 (7) 71 (11) 76 (10)
Day 6 115 (9)��* 66 (8)�* 69 (10)��**

Metoprolol Day 1 127 (5) 72 (8) 78 (12)
Day 6 113 (8)��** 65 (9)�* 63 (11)��**

*P<0.05 and **P<0.001 vs placebo, same day of treatment
�P<0.05 and ��P<0.001 vs day 1, same treatment

Table 2 Urinary excretion of 8-iso-PGF2a and 2,3-dinor-5,6-dihydro-8-iso-PGF2a of healthy volunteers on day 6 of treatment with
carvedilol 25 mg b.i.d., metoprolol 100 mg b.i.d. or placebo. Mean (SD) of n=15

Placebo Carvedilol Metoprolol

Urinary 8-iso-PGF2a (nmol/mol creatinine) 117.4 (67.7) 105.6 (50.8) 114.5 (60.8)
Urinary 2,3-dinor-5,6-dihydro-8-iso-PGF2a (nmol/mol creatinine) 249.0 (135.8) 215.3 (135.5) 181.7 (116.3)

No statistically significant differences
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metoprolol versus placebo, the corresponding values
are 3524 (8-iso-PGF2a), 33 (2,3-dinor-5,6-dihydro-8-iso-
PGF2a) and 72 (3-nitrotyrosine).

A similar observation was reported for TBARS,
which were too insensitive to show any effect in our
study, by Kukin et al. in patients with stable heart fail-
ure treated with carvedilol or metoprolol for 6 months
[28]. In the study by Kukin and co-workers, TBARS
levels were elevated at base line and declined during
therapy in both treatment groups in parallel to clinical
improvement [28]. Since TBARS levels are correlated to
NYHA functional class [29], the authors explained the
reduction of oxidative stress by clinical improvement as
therapeutic effect of b blockers [28]. In our study, the
reduced heart work by carvedilol and metoprolol may
account for the trend toward reduction of oxidative
stress. This speculation is supported by the positive
correlation between 8-iso-PGF2a and diastolic blood
pressure as well as TBARS and diastolic blood pressure
in our study.

In contrast to the above-described findings, two other
in vivo studies showed a specific antioxidative effect of
carvedilol. In patients with chronic heart failure, carv-
edilol 25 mg b.i.d. significantly reduced erythrocyte
superoxide dismutase and glutathione peroxidase activ-
ity after 12 weeks of therapy [7]; likewise, in patients
with non-insulin-dependent diabetes mellitus and
hypertension, TBARS were reduced by a 24-week ther-
apy with carvedilol [5]. The active comparators in these
studies, metoprolol and atenolol, respectively, had no
effect on the parameters of oxidative stress measured.
Two further studies demonstrated an inhibited genera-
tion of reactive oxygen species by leukocytes and
reduced LDL oxidation in patients with hypertension
and healthy men, respectively, treated with carvedilol
[4, 6]. Remarkably, the antioxidative effects in the latter
study by Dandona et al. were observed at the low
dose of 3.125 mg carvedilol b.i.d. given to eight healthy
volunteers for 7 days [6]. However, in both studies no b
blockers as active controls were employed.

The discrepancies may be explained by use of differ-
ent assays to determine oxidative stress and different
study populations. In this context, the limitations of our
study are noteworthy. First, we studied the antioxidative
effects of carvedilol in healthy, non-smoking men, who
have no increased oxidative stress. Nevertheless, as
consequence of aerobic life, even in healthy volunteers,
the amount of oxidative stress is considerable [30, 31].
While this approach has the advantage of a well-con-
trolled study population without concomitant diseases
or medications, the effect of an antioxidative agent is
more difficult to detect than under conditions of
enhanced oxidative stress. However, our study was
powered to detect meaningful differences of 23% (8-iso-
PGF2a), 22% (2,3-dinor-5,6-dihydro-8-iso-PGF2a) and
22% (3-nitrotyrosine) between placebo and carvedilol
(for n=15, alpha = 0.05, beta 0.8). In a previous study
in 12 healthy volunteers, we were able to show a sig-
nificant 18% decrease of 8-iso-PGF2a by 7 days of

treatment with 5 mg/day nebivolol, a selective b1-
receptor antagonist also associated with antioxidative
properties [32]. Second, treatment duration was only
6 days. However, given the rapid onset of the antioxi-
dative actions in vitro, the pronounced hemodynamic
effects after 6 days of treatment and the findings of
Dandona et al. (see above) [6], the duration of treatment
should have been sufficiently long to show an antioxi-
dative effect of carvedilol.

Altogether, our study adds a negative result to the
already conflicting data on the antioxidative properties
of carvedilol in vivo. However, it must be stressed
that our findings in healthy volunteers do not rule out
antioxidative properties of carvedilol in patients with
enhanced oxidative stress, e.g., patients with chronic
heart failure.

Whether such specific antioxidative actions of a drug
are related to clinical benefit is a further question. Meta-
analysis of the effects of vitamin E supplementation for
4–6 years on cardiovascular events indicates little, if any,
benefit [29]. For b carotene, adverse effects on cardio-
vascular disease and the incidence of lung cancer were
observed repeatedly [33, 34]. As far as carvedilol is
concerned, even the maximum daily dosage failed in the
EUROCARE trial to cause any reduction in re-stenosis
after atherectomy, a complication in which oxidative
stress has been invoked [35].

In conclusion, our results show that carvedilol exerts
antioxidative actions in vitro at supra-therapeutic con-
centrations, whereas in vivo in healthy men carvedilol in
standard antihypertensive dosage has no specific effects
on systemic oxidative stress on the basis of reduction of
urinary 8-iso-PGF2a and 2,3-dinor-5,6-dihydro-8-iso-
PGF2a, circulating 3-nitrotyrosine and TBARS. Further
studies investigating the effects of carvedilol on
isoprostanes and 3-nitrotyrosine in patients with
atherosclerotic cardiovascular disease, i.e., high oxida-
tive stress, are encouraged.
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Rossi J-C, Frölich JC (2000) Tandem mass spectrometric
quantification of 8-iso-prostaglandin F2a and its metabolite
2,3-dinor-5,6-dihydro-8-iso-prostaglandin F2a in human urine.
J Chromatogr B 744:99–112

18. Schwedhelm E, Tsikas D, Gutzki F-M, Frölich JC (1999) Gas
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