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Abstract

It has been argued that some 3-adrenoceptor antagonists may directly influence myofibrillar cross-bridge interaction in cardiac skinned
fiber preparations of anima models. The present study investigates the effects of nebivolol, metoprolol and carvedilol on tension
development of Triton X-100 skinned fibers obtained from human failing myocardium as well as on force of contraction and intracellular
Ca&™ transient in isolated trabeculae. In skinned fiber preparations, none of the B-adrenoceptor antagonists (10 wM) influenced Ca?*
sensitivity of tension development or maximal Ca®* activated tension (DT, ): control: ECs, for Ca?*: 1.28 + 0.05 uM, DT,
14.09 + 0.59 mN/mmz; nebivolol: 1.36 + 0.1 pM, 14.14 + 0.95 mN/mmZ; carvedilol: 1.32+ 0.11 pM, 13.83+ 0.90 mN/mmZ;
metoprolol: 1.34 + 0.14 wM, 13.72 + 0.36 mN /mm?. Simultaneous measurement of force and Ca2™ transient in the presence of the
[-adrenoceptor antagonists (3 wM) showed that the decrease in force of contraction was paralleled by a similar decrease in the
intracellular Ca?* transient. In conclusion, none of the investigated B-adrenoceptor antagonists influenced Ca?* sensitivity of

myofibrillar tension development in human failing myocardium. © 2001 Published by Elsevier Science B.V.
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1. Introduction

In chronic heart failure patients, several B-adrenoceptor
antagonists (e.g. carvedilol, metoprolol and bisoprolol)
increase ventricular performance and decrease mortality
when used on a long-term basis (Bristow, 2000; CIBIS Il
Investigators and Committees, 1999; MERIT-HF Study
group, 1999; Packer et al., 1996). Acutely, however, -
adrenoceptor antagonists lower force development.

The underlying mechanisms of the beneficia effects of
the B-adrenoceptor antagonists still remain unclear. Differ-
ences in several pharmacological properties (e.g. B,/B,-
selectivity, additional vasodilating properties) should very
likely go along with a different outcome in the clinical use
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of the B-adrenoceptor antagonists in heart failure patients.
In addition, direct actions on Ca?* activated cross-bridge
formation (either stimulatory or inhibitory) could influence
negative inotropic moiety of B-adrenoceptor antagonists.
In some animal models, it has been shown that 3-adre-
noceptor antagonists are able to influence myofibrillar
cross-bridge interaction (Gwathmey et al., 1999; Kitada,
1996; Zeitz et al., 2000). In canine right ventricular skinned
fibers, betaxolol and propranolol increased Ca?* activated
tension (Kitada, 1996), whereas in rabbit right ventricular
skinned fiber preparation, propranolol had no influence on
tension development in cardiac myofilaments (Zeitz et al.,
2000). In cardiomyopathic turkey, carteolol restored myo-
fibrillar ATPase activities (Gwathmey et al., 1999).
Influences in myofibrillar Ca®* sensitivity might also
be of importance in the human heart and thus for the
treatment of heart failure patients. In human heart failure,
diastolic Ca®" is increased, systolic Ca2* is significantly
diminished and the decay of the intracellular Ca2* tran-
sient is significantly prolonged as compared to control
(Beuckelmann et d., 1992). Therefore, pharmacological
agents which sensitize the myofilaments for Ca?* may on
the one hand increase systolic force development, on the
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other hand however, they may exaggerate the diastolic
contractile dysfunction observed in human heart failure
(Edes et al., 1995; Teramura and Y amakado, 1998; Ukko-
nen et al., 2000). Contrary, pharmacological agents which
desensitize the myofilaments towards Ca?" may contribute
to a restoration of diastolic cardiac function but impair
systolic contractility in heart failure.

The newly developed highly 3,-selective B-adrenocep-
tor antagonist nebivolol has been demonstrated to have
only a weak impact on left ventricular performance (De
Cree et al., 1992; Janssens, 1992). Thus, nebivolol may be
beneficial for treating patients with impaired cardiac func-
tion. Consistently, nebivolal is actualy tested in the SE-
NIORS-trial in heart failure patients. In rabbit ventricular
skinned fibers, nebivolol desensitized tension development
(Z€itz et al., 2000). However, differences may exist in the
cross-bridge interaction between species (Lues et a., 1988).

Therefore, the present study investigates the influence
of nebivolol, carvedilol and metoprolol on myofibrillar
Ca?" sensitivity as well as on force of contraction and the
intracellular Ca* transient in human myocardial tissue.

2. Materials and methods
2.1. Tissue

Left ventricular tissue was obtained during cardiac
transplantation due to dilated cardiomyopathy (n= 3; one
female, two males; age: 61.3 + 3.5 years; gection fraction:
22.7 + 1.8; cardiac index: 2.2+ 0.1 | /m? min). Patients
suffered from heart failure clinicaly classified as New
York Heart Association Class (NYHA) IV on the basis of
clinical symptoms and signs as judged by the attending
cardiologist shortly before operation. Medical therapy con-
sisted of diuretics, nitrates, angiotensin-converting enzyme
inhibitors and cardiac glycosides. Patients receiving cate-
cholamines, B-adrenoceptor or Ca?* antagonists were
withdrawn from the study.

Right atrial tissue was taken from patients undergoing
aortocoronary bypass operation (n = 6; two females, four
males, age: 69.0 + 4.7 years) without clinical signs of
cardiac failure as measured by heart catheterization (nor-
mal gection fraction, enddiastolic volume, and stroke vol-
ume) and by echocardiography. None of the patients has
received Ca®* channel antagonists or Ca?* channel ago-
nists within 7 days of surgery, or B-adrenoceptor agonists
48 h before surgery.

All patients gave written informed consent before
surgery. Drugs used for genera anesthesia were propofol,
flunitrazepam, fentanyl, and pancuronium bromide.

The tissue was delivered within 5 min into the labora
tory in ice-cold preaerated Bretschneider solution of the
following composition (in mM): NaCl 15, KCI 10 MgCl,
4, histidine 180, tryptophane 2, mannitol 30, and potas-
sium dihydrogen oxoglutarate 1. From each native right

atrial tissue sample, auricular trabeculae were selected of
0.4—-0.6 mm width and 5—7 mm length under microscopic
control (Axiovert 100, Carl Zeiss, Oberkochen, Germany).

2.2. Smultaneous measurement of force and intracellular
Ca?* transient

Intracellular Ca?* was measured in isolated, electrically
driven (30 to 180 bpm, punctuate stimulation, 1 Hz, 37 °C)
trabeculae by the fluorescence indicator fura-2 acetoxy
methylester (fura-2 AM) (Grynkiewicz et al., 1985). Ex-
periments were performed as described previousy (Brixius
et a., 1997).

2.3. Measurement of myofibrillar Ca?* sensitivity

Triton X-100 skinned fibers were prepared as described
previously (Schwinger et al., 1994). Fiber diameter and
length were the same in all preparations studied (125 to
175 um and 7 to 8 mm, respectively). The mean sarcom-
ere length of the skinned fibers was 2.1 4+ 0.1 pm in
relaxation solution as measured by «-actinin staining
(Brixius et al., 2000; Ji et a., 1999). The relaxation
solution contained (in mM) imidazol buffer 40, ATP 10,
MgCl, 12.5, creatine phosphate 10, NaN; 5, EGTA 5, and
Dithioerythritol (DTE) 1, along with 350 U /ml (pH 7.0)
creatine kinase. The contraction solution had the same
composition as the relaxation solution except that CaCl,
was added. The desired [Ca?* ] was obtained by mixing the
relaxation and contraction solution in the appropriate con-
centrations. The contraction solution had a[Ca2* ] of 16.52
wM. All experiments were performed at 21 °C. The actual
[Ca2*] values were calculated by a computer program
according to that reported by Fabiato and Fabiato (1979).
From each heart, several skinned-fiber preparations of
ventricle were investigated. Concentration—response curves
for Ca2* were measured in the presence and in the ab-
sence of nebivolol, carvedilol or metoprolol (all 10 pwM).
In all experiments, the final concentration of solvent (di-
methyl sulfoxide, DMSO) was 0.1%. EC,-concentration
for Ca®" was calculated for each fiber. Experiments were
performed as described previously (Schwinger et al., 1994).

2.4. Materials

Nebivolol was generously provided by Berlin Chemie
(Berlin, Germany), carvedilol was provided by Boehringer
(Mannheim, Germany) and metoprolol was a gift from
Astra (Wedel, Germany). Triton X-100 was from Merck
(Darmstadt, Germany).

Fura2 AM was obtained from Molecular Probes
(Eugene, OR, USA). A stock solution of fura-2 AM (10
mM) was dissolved in DMSO and stored at — 20 °C. For
studies with isolated cardiac preparations, stock solutions
were daily prepared in twice-distilled water. All other
chemicals were of analytical grade or the best grade
commercialy available.
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2.5. Satistics

All values are means + S.E.M. unless otherwise noted.
Student’s t-test, or paired t-test were used to test signifi-
cance. Significance was accepted at a P-value of < 0.05.

For each experiment, 1C,, and EC,, values, respec-
tively were calculated by regression analyses (GraphPad
Software, San Diego, USA).

3. Results
3.1. Influence on the contractile apparatus

To investigate the influence of nebivolol, carvedilol or
metoprolol on cross-bridge interaction, Ca?*-dependent
tension development was studied in Triton X-100 skinned
fiber preparations of human left ventricular myocardium.

Fig. 1 shows a representative original recording of
Ca?" activated tension development. Tension was Ca?™*
dependently increased in these preparations. Maximal Ca?™*
activated tension was achieved at a free Ca?* concentra-
tion of 16.52 M. Nebivolol, carvedilol and metoprolol
(@l 10 wM) did not influence maximal Ca?* activated
tension (control: DT, : 14.09+ 059 mN/mm? 95%
confidence interval: 12.83-15.35 mN/mm?, n = 15;
nebivolol: 14.14 + 0.95 mN/mm?, 11.80-16.48
mN/mm?, n=7; carvedilol: 13.83+ 0.90 mN/mm?,
11.51-16.14 mN/mm?, n= 6; metoprolol: 13.72 + 0.36
mN /mm?, 12.88-14.57 mN /mm?, n= 8).

In addition, no shift was observed for the Ca?"-depen-
dent tension development in the presence of nebivolol,
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Fig. 1. Origina tracing recording (control fiber) illustrating measurement

of Ca?*-dependent tension development in Triton X-100 skinned fibers
from human failing myocardium.
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Fig. 2. Influence of B-adrenoceptor antagonists (10 wM) on Ca*
sensitivity measured in Triton X-100 skinned fiber preparations of human
left ventricular failing myocardium. Note that neither nebivolol nor
carvedilol or metoprolol influenced Ca?* sensitivity.

carvedilol or metoprolol (10 wM) (Fig. 2). The concentra-
tions needed for a 50% increase of maximal Ca®* acti-
vated tension (EC,) were: control: EC,: 1.28 + 0.05
M, 95% confidence interval: 1.19-1.39 wM; nebivolol:
136+ 0.1 pM, 1.10-1.61 uM; carvedilol: 1.32+0.11
pM, 1.04-1.60 pM and metoprolol: 1.34+ 0.14 wM,
1.00-1.68 M, respectively.

3.2. Influence on force and Ca® ™ transient

Besides direct cross-bridge interaction, Ca?* sensitiza-
tion or Ca?* desensitization could be due to signal interac-
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tions on the way between the cell membrane and the
cardiac myofibrillars. Therefore, we performed simultane-
ous measurements of force of contraction and the intra-
cellular Ca2* transient in isolated right auricular trabecu-
lae.

Fig. 3 shows origina recording under baseline condi-
tions and after application of nebivolol, carvedilol and
metoprolol, respectively (all 3 wM). The simultaneous
measurements were recorded under baseline conditions
and after application of nebivolol, carvedilol or metoprolol
(3 wM). Each B-adrenoceptor antagonist induced a de-
crease in force of contraction accompanied by a similar
decrease in the intracellular Ca2* transient (Fig. 4). Basal
force of contraction and basal Ca?* transient was similar
in al groups (nebivolol: force of contraction: 10.32 + 0.67
mN/mm?, Ca&?* transient: 0.16 + 0.02, n = 4; carvedilol:
force of contraction: 11.68 + 2.52 mN /mm?, Ca?" tran-
sient: 0.23 + 0.09, n = 4; metoprolol: force of contraction:
14.07 + 2.22 mN/mm?, Ca?* transient: 0.24 + 0.06, n =
4). The rank order of lowering force of contraction and
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Fig. 3. Origina tracings illustrating the effect of nebivolol, carvedilol and
metoprolol on force of contraction and Ca2* transient in isolated,
electrically driven (1 Hz) auricular trabeculae of human myocardium.
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Fig. 4. Effect of nebivolol (Neb), carvedilol (Car) and metoprolol (Met)
on force of contraction and Ca®* transient. “ P < 0.05 vs. basal.

Ca?* transient at 3 wM was metoprolol (force of contrac-
tion: —45.0 + 5.0%; Ca®" transient: —27.0 + 5.4%) >
carvedilol (—20.5+ 7.5%; —8.7+ 1.9%) > nebivolol
(—125 4+ 57%; —8.3 + 3.5%). Control experiments
showed no significant decrease in force of contraction and
Ca?* transient for the time of pharmacological testing.
These results indicate that the decrease in force of contrac-
tion induced by nebivolol, carvedilol and metoprolol is
paralleled by a decrease of the intracellular Ca2* transient.

4, Discussion

In congestive heart failure patients, the application of
B-adrenoceptor antagonists decreases mortality (Bristow,
2000; CIBIS Il Investigators and Committees, 1999;
MERIT-HF Study group, 1999; Packer et a., 1996). How-
ever, the mechanism by which the p-adrenoceptor antago-
nists mediate their beneficial effects in heart failure pa-
tients are not very well understood. The finding that not all
of the B-adrenoceptor antagonists have beneficia effectsin
heart failure (Nicholas et al., 1990) underlines the neces-
sity to further investigate the cardiac effects of the differ-
ent B-adrenoceptor antagonists on the molecular level.

In some animal models, it has been demonstrated that
some of the B-adrenoceptor antagonists might have an
impact on myofibrillar Ca2* sensitivity (Gwathmey et al.,
1999; Kitada, 1996; Zeitz et al., 2000). In canine right
ventricular skinned fibers, betaxolol and propranolol in-
creased Ca®" activated tension (Kitada, 1996), whereas in
rabbit right ventricular skinned fiber preparation, propra-
nolol had no influence on sensitivity of cardiac myofila
ments (Zeitz et al., 2000). The findings are, at least
partially contradictory but might be explained by inter-
species differences or experimental setups. These inter-
species- or setup-dependent differences hold true for
skinned fiber experiments investigating other drugs (Edes
et al., 1995; Lues et al., 1988). Influences on the contrac-
tile apparatus should, of course, be of importance for
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myocardial contractility of patients treated with B-adrenoc-
eptor antagonists. Thus, we aimed to study if the 3-adren-
oceptor antagonists nebivolol, carvedilol and metoprolol
influence Ca?* sensitivity in human myocardium. Neither
nebivolol nor the very well-characterized carvedilol or
metoprolol had an impact on myofibrillar Ca?* sensitivity
in human Triton X-100 skinned fibers. These results are
different from measurements of nebivolol in rabbit ventric-
ular skinned fibers (Zeitz et al., 2000). This may be due to
interspecies differences. However, mechanisms on the way
between the cell membrane and the myofilaments may
exist, which cannot be determined by measurements in
Triton X-100 skinned fiber preparations, but may have an
influence on Ca2* sensitivity of the myofilaments. Simul-
taneous measurement of force of contraction and the intra-
cellular Ca?* transient in isolated trabeculae showed that
the decrease in force of contraction induced by the B-
adrenoceptor antagonists was accompanied by a similar
percentage decrease in Ca2™ transient, which is indicative
that Ca?" desensitizing mechanisms cannot be of rele-
vance for the negative inotropic effects mediated by the
B-adrenoceptor antagonists.

4.1. Limitation of the study

The present study was performed under in vitro condi-
tions. It cannot be excluded that the in vivo effects of the
studied B-adrenoceptor antagonists may differ from those
observed in vitro (e.g. in vivo, varying sympathoadrenergic
stimulation is present which might have an impact on
B-adrenoceptor interaction).

In addition, experiments were either performed on iso-
lated right auricular trabeculae from human non-failing
hearts or on skinned fiber preparations of left ventricular
failing myocardium. It cannot be excluded that a difference
between failing and non-failing myocardium or between
right atrial and left ventricular myocardium, respectively,
may be of importance for the effect of B-adrenoceptor
antagonists on myofibrillar Ca?* sensitivity.

In our experimental setup, Ca?* sensitizing or Ca?™*
desensitizing mechanisms of B-adrenoceptor antagonists
were investigated at concentrations that exceed their affin-
ity to B,- and B,-adrenoceptors. In addition, the affinities
of nebivolol, carvedilol and metoprolol to B,- and B,-
adrenoceptors are different. However, Ca?* sensitizing or
Ca?* desensitizing mechanisms should be independent
from their affinity to ,- and (,-adrenoceptors and such
additional properties should be rather unmasked at a high
concentration of the -adrenoceptor antagonists.
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