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ABSTRACT

Objectives: We aimed to investigate the effects of racemic, D- and L-nebivolol in aortic segments
obtained from rats of two ages to determine whether age- or stereoisomer-related differences
occurred in the relaxation of aortic segments contracted with phenylephrine.

Background: Nebivolol, an antihypertensive drug with reported beta adrenergic receptor blocking
effects, is clinically administered as a racemic mixture with D and L isomers. The D isomer of
nebivolol is more selective than the L isomer for blocking beta-1 adrenergic receptors, whereas L-
nebivolol produces greater nitric oxide (NO)-mediated vasodilation.

Methods: Aortic segments were isolated from male Wistar rats aged 4 and 8 months. Relaxations
were obtained with three forms of nebivolol. The protocol was repeated following preincubation
with NG-nitro-L-arginine methyl ester (L-NAME) alone or with indomethacin.

Results: A significant age-related difference in relaxation was found only for racemic nebivolol and
only at a concentration of 10™* M. L-NAME and indomethacin did not affect the relaxations.
Nebivolol noncompetitively shifted the phenylephrine concentration-response curve.

*Corresponding author: E-mail: drekinefe@gmail.com;
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Conclusion:

Relaxation by nebivolol was not dependent on age or sterecisomer. Neither
cyclooxygenase metabolites nor NO played a role in relaxations. Results suggest that inhibition of
phenylephrine contractions by nebivolol is due to blockade of alpha adrenergic receptor activity.

Keywords: Nebivolol and stereocisomers; nitric oxide (NO); L-NAME; indomethacin; phenylephrine.

1. INTRODUCTION

Drug effects may differ in young and elderly
people because of age-related changes in drug
pharmacokinetics, decreases in drug receptor
number and sensitivity, and increases in the
number of coincident or previous diseases, as
well as endothelial dysfunction with age [1].
Conflicting results have been reported in the
levels and effects of some agonists in aging. For
example, although a decrease in arterial
noradrenaline content was detected in some
studies [2-4], the vasoconstrictor responses to
noradrenaline did not differ with age [5-9]. By
contrast, it was observed that there was an age-
related decrease in both the arterial
noradrenaline content and sensitivity to
exogenous noradrenaline [9]. In contrast to these
conflicting results for the noradrenergic system,
several studies have shown that nitric oxide
(NO)-mediated vasodilation is impaired and total
body NO production is decreased in elderly
people [10,11]. For example, NO-mediated
vasodilation in the forearm vascular bed of
humans was shown to decrease in an older
population, reflecting a decrease in NO synthesis
[12,13].

Nebivolol is a relatively new antihypertensive
drug with B1 adrenoceptor blocking activity.
Nebivolol  decreases  peripheral  vascular
resistance by producing vasodilation in patients
with hypertension. In addition to its 1 receptor
blocking activity, nebivolol also affects
endothelial nitric oxide release [14], P2
adrenergic receptor blockade [15] and calcium-
activated potassium channels activation [16], all
of which may play a role in the vasodilator effect
of this drug. In addition to these actions, In
addition to these actions, it has been reported
that nebivolol-induced relaxation results from
both inhibition of al-adrenergic receptors and
activation of B3-adrenergic receptors in rat aorta
[17]. However, it has also been reported that
potassium channels do not mediate the
vasodilative effect of nebivolol on different types
of rat arteries [18]. Nebivolol is a racemic mixture,
with equal proportions of both stereoisomers.
The D-isomer has more selective B1-blocker
activity than the L-isomer [19], whereas
L-nebivolol produces NO-mediated vasodilation

and stimulates the endothelial NO synthase
(eNOS) enzyme to a greater degree than
D-nebivolol [19]. The vasodilator effect of
nebivolol is antagonized by the NOS inhibitor N®-
monomethyl-L-arginine (L-NMMA) [20].

The aim of the present study was to investigate
the effects of racemic, D-, and L-nebivolol in
aortic segments obtained from rats of different
ages to determine whether an age- or
stereoisomer-related difference occurred in the
contraction induced by phenylephrine, a selective
al-adrenergic receptor agonist, or NO-mediated
relaxation. Our hypothesis was that the L-isomer
would produce greater vasodilation than the
D-isomer in vessels precontracted by
phenylephrine in the younger animals.
Additionally, we examined the effect of nebivolol
on the phenylephrine concentration-response
curve because we found no contraction of the
aortic segments with phenylephrine treatment
following the administration of high doses of
nebivolol.

2. MATERIALS AND METHODS

This study was approved by the Baskent
University Ethical Committee for Experimental
Research on Animals (Project no: DA 12/07).

2.1 Animals

In this study, male Wistar albino rats of two ages
were used: Group | was 4 months old (body
weight 200-230 g; n = 8) and Group Il was 8
months old (body weight 350—-400 g; n = 8).

2.2 Tissue Preparation and Tension
Measurement in Rat Aortic Rings

Cervical dislocation was applied under
anesthesia (ketamine, 60 mg/kg and xylazine,
10 mg/kg). Following an abdominal incision along
the middle axis, the thoracic space was opened.
The thoracic aorta was removed, isolated from
the surrounding tissue, and cut into six segments
of precisely 3 mm in length. For standardization,
segments to a distance of 10 mm from out of the
heart were studied. Thus, a total of 96 segments
(6 segments from 16 animals) were studied.
Isolated aortic rings were mounted in organ
chambers filled with Krebs-Henseleit solution



(118 mM NaCl, 4.7 mM KCI, 2.5 mM CaCl,, 1.2
mM KH,PO,, 1.2 mM MgSO,, 25 mM NaHCOs,
and 10 mM glucose) at 37C and continuously
gassed with a mixture of 95% O, and 5% CO,.
The preparations were attached to force-
displacement transducers (MP100, BioPac
Systems, Inc., COMMAT Ltd., Turkey) that were
connected to a computer for isometric tension
recording and processing. Before each
experiment, the rings were stretched to an
optimal 1 g tension and allowed to equilibrate for
1 h, with washing every 15 min. Changes in the
tension were calculated relatively to the baseline
tension reach at the end of the equilibration
period.

2.3 Protocol

Submaximal contraction was obtained with
phenylephrine (PE; 10° M) in each ring from
both groups of rats. Racemic nebivolol, D-
nebivolol or L-nebivolol was cumulatively (10_6 to
3 x 107 M, for each) applied to obtain relaxation
in endothelium-intact and endothelium-denuded
aortic rings in PE-contracted preparations from
both groups. Time intervals between various
doses of relaxing drugs were defined as 10
minutes. The endothelium was removed
mechanically from some rings by rubbing
the intimal surface of the vessels with cotton
covered thin glass sticks. Acetylcholine
(107° M) was applied to PE-contracted arteries to
determine whether the endothelium was intact.
In endothelium-intact arteries, acetylcholine
caused approximately 90% relaxation. The
absence of the endothelium was confirmed by
the loss of relaxation to acetylcholine (to less
than 20%).

The relaxation effects of racemic, D-, and L-
nebivolol were then obtained in the presence of
inhibitors added to the organ chamber 30 min
before PE application. The inhibitors were
Ng-nitro-L-arginine methyl ester hydrochloride
(L-NAME, a NOS inhibitor; 10 M) and/or
indomethacin (a nonspecific cyclooxygenase
inhibitor; 10 M). Papaverine (10™ M), a smooth
muscle relaxing agent, was used to obtain
maximum relaxation and to control the relaxation
properties of the preparations.

The effect of nebivolol on the PE concentration-
response curve was also examined to determine
whether  nebivolol  exhibited a-adrenergic
receptor blocking activity because we observed
that the aortic rings did not contract in the
presence of PE following administration of high
doses of nebivolol or its isomers.
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2.4 Chemicals

Nebivolol, D-nebivolol, and L-nebivolol (107 to 3
x 10 M) were a gift from Ibrahim Ethem-
Menarini (Istanbul, Turkey). Phenylephrine was
purchased from Sigma-Aldrich (St. Louis, MO,
USA). Acetylcholine, papaverine, L-NAME, and
indomethacin were also used. Nebivolol, D-
nebivolol, and L-nebivolol were dissolved in
dimethyl sulfoxide. Indomethacin was dissolved
in ethanol. The remaining drugs were dissolved
in distilled water.

2.5 Statistical Analysis

Tissue contraction and relaxation responses
were recorded as changes under isometric
tension in milligrams. The relaxation induced by
racemic, D-, and L-nebivolol was expressed as a
percentage of the contraction induced by
phenylephrine (107° M).

The findings are shown as mean = S.E.M. For
multiple comparisons between groups, two-way
analysis of variance and post hoc Bonferroni
tests were applied. Results with P-values less
than 0.05 were considered statistically significant.

3. RESULTS
3.1 Nebivolol-induced Relaxation

Phenylephrine-induced contractions were not
different in aortic rings derived from rats of 4 and
8 months of age (Fig. 1). Racemic, D- and L-
nebivolol (each at 10 ° to 3 x 10™* M) produced
concentration-dependent  relaxation in the
contracted rat arteries (Fig. 2). A significant age-
related difference in relaxation was found only for
racemic nebivolol and only at the 10" M
concentration in the aortic preparations (P<0.05;
Fig. 3a). No significant age-related difference
was detected for the isomers in the relaxation of
the phenylephrine-induced contractions at any
concentration (Figs. 3b and 3c). No differences
were detected in the responses of the

preparations with and without endothelium
(P>0.05).
3.2 Effect of Inhibitors on the Aortic

Relaxation Induced by Racemic, L-, or
D-Nebivolol

The NO synthase inhibitor L-NAME (107 M)
alone or with the cyclooxygenase inhibitor
indomethacin (10'3 M) was added to the organ
chamber 30 min before induction of a
submaximal phenylephrine contraction. Neither
L-NAME alone nor the combined inhibitors



affected the relaxation induced by racemic
nebivolol in either age group (Fig. 4a and 4b) or
by the isomers (data not shown).

6004 . 4 menths of age

group
- 8 months of age

400 group

200

PE contraction (mg)

0

Fig. 1. Phenylephrine (PE)-induced (10 - M)
contractions of aortic rings in 4- and
8-month-old rats (n=8)
3.3 Effect of Racemic Nebivolol on
the Phenylephrine  Concentration-

response Curve

In order to investigate whether nebivolol blocked

alpha adrenergic receptor activity, various
concentrations of racemic nebivolol were
examined for their ability to affect the

phenylephrine concentration-response curve in
the aortic ring preparation. The phenylephrine
curve was noncompetitively shifted to the right by
three concentrations of nebivolol (107, 10™, and
10~ M; Fig. 5; P>0.05).
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The solvents (dimethyl sulfoxide and ethanol)
had no effects on vessel contraction and
relaxation.

4. DISCUSSION

In the present study, we examined the actions of
nebivolol, a relatively new antihypertensive drug
with reported beta-1 adrenergic receptor blocking
activity, to determine vasodilator responses to
this drug in aortic segments obtained from 4- and
8-month-old rats. Nebivolol produces
vasodilation in animal and human blood vessels
[15,24,25]. The vasodilator effects of nebivolol
may be associated with its beta-1 receptor
blocking activity, enhanced endothelial NO
release [14], beta-2 adrenergic receptor blockade
[15], or calcium-activated potassium channel
activation [16]. The nebivolol-induced release of
no from endothelial cells relaxes vascular smooth
muscle [15,19,26,27]. Additionally, It was
reported that nebivolol increases NO action as a
result of its antioxidant characteristics [26].
Nebivolol also reportedly stimulates beta-3
adrenergic receptors and increases NO release
via this pathway [25], beta-3 adrenergic
receptors play a role in the relaxation of vascular
system [28,29,30].
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Fig. 3. Age-related differences in relaxation of
phenylephrine-induced contractions by
racemic (Ra), L- and D-nebivolol in aortic
rings obtained from rats 4 and 8 months of
age. A significant age-related difference in
relaxation was found only for racemic
nebivolol and only at a concentration of

10 M. (n=8)

With age, the presence of some diseases or the
dysfunction of the vascular endothelium may
change drug effects [10]. Previous studies have
reported conflicting age-related results regarding
the levels and activity of various agonists.
Although a decrease in arterial noradrenaline
content was observed in some studies [2-4], no
vasoconstrictor responses to noradrenaline were
detected with aging [5-8]. By contrast, it was
suggested that there was a decrease in both
arterial noradrenaline content and sensitivity to
exogenous noradrenaline in older individuals [9].
It was reported that there was no influence of
age on the noradrenaline response in the
presence of an intact endothelium, and
responses in denuded preparations appeared to
indicate a different role of endothelium on
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noradrenaline responses in different vascular
beds (e.g., rat aorta and tail artery) [21]. It was
shown that in endothelium-intact rings, the
maximum tension developed by exposure to
noradrenaline does not change with age, but the
ECs, value for noradrenaline increases in the rat
aorta [22]. It was suggested that contractile
responses to noradrenaline and potassium
increase in rat aorta, whereas both of these
contractile responses decrease in rabbit aorta
with age; however, no change in sensitivity to
noradrenaline is observed in rat mesenteric
perfused artery [23]. These results show that
responses to some drugs may also vary with
species and arterial preparations. In contrast to
these conflicting reports in the adrenergic system,
NO-mediated vasodilation has been shown to
decrease in elderly humans, reflecting an age-
related decrease in NO synthesis [10-13]. It has
been shown that NO-mediated vasodilatation is
reduced and total body NO production decreases
with age [10,11]. We found no differences in the
aortic relaxation responses between 4- and 8-
month-old rats. However, this interval (range)
between ages might not be suitable to establish
the expected differences, and experiments
performed with older rats might detect
differences in the drug-induced effect, if any, with
age. Some drugs are mixtures of stereoisomers
with pharmacokinetic characteristics dependent
upon one or the other isomer. That is, one
stereoisomer can be more responsible than the
other for an expected therapeutic effect of the
drug [19]. The D-isomer of nebivolol is a more
selective beta-1 blocker than the L-isomer [19],
whereas the L-isomer produces NO-mediated
vasodilation and stimulates eNOS enzyme to a
greater degree than the D-isomer [19]. Although
we observed relaxation produced by racemic, D-,
and L-nebivolol in phenylephrine-contracted rat
aortic rings, we did not find any differences
among the relaxation responses. Additionally, the
responses of the isomers or the racemic mixture
did not differ in preparations with and without an
intact endothelium. On the other hand, L-NAME,
a NOS enzyme inhibitor, and indomethacin,, a
cyclooxygenase enzyme inhibitor, had no effect
on the relaxation induced by nebivolol. These
findings suggest that neither NO nor any other
substance derived from the endothelium plays a
role in nebivolol-induced relaxation.. Thus, NO
and cyclooxygenase metabolites do not play a
role in the relaxation induced by racemic
nebivolol or its stereoisomers in the rat aorta.
However, it has been shown that L-NAME
administration blunted vasorelaxation induced by
nebivolol on renal artery of mice [16]. This
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contrast to the findings could be due to NO- antagonistic action or membrane stabilizing
dependency which might change with either activity.

animal species or/and vascular segments studied.
Taken together, our results indicate that racemic,
D-, and L-nebivolol produce relaxation in the ~s- 4 month age group L-NAME +
same manner and without the release of NO or Ra-tebivool
cyclooxygenase metabolites.

-o- 8 month age group L-NAME +
-50 Ra-Nebivolol

% relaxation

We showed that there was no difference
between the two age groups in the contractile 100

response of the aorta to a submaximal s T ™ Y
concentration of the selective alpha-1 adrenergic log{Ra-Nebivolol]
receptor agonist PE. Additionally, we showed that

PE was unable to contract the aortic rings @
following administration of high doses of racemic,

L-, and D-nebivolol. Therefore, we investigated

the effect of nebivolol on the PE concentration- 0
response curve. Nebivolol shifted the PE .- ‘L*_mféfgnz A
concentration-response curve noncompetitively

to the right. To our knowledge, our group is the
second to show an alpha-1 adrenergic receptor
blocking effect of nebivolol. It was suggested that

50 -~ 12 month age group
L-NAME+Indo+ Ra-Nebivolol

% relaxation

nebivolol-induced relaxation results from both 1004
inhibition of alpha-1 adrenergic receptors and . T T g
activation of beta-3 adrenergic receptors in the log[Ra-Nebivolol]

rat aorta [9]. In our previous report, we presented
an alpha-1A adrenergic receptor blocking effect

of nebivolol in the rat umbilical artery [31]. The (b)
stereoisomers and racemic nebivolol exerted _ o _ o
similar effects on vasodilation in the present Fig. 4. The inhibitors = N,-nitro-L-arginine

study, suggesting that they also exert an alpha-1 ~ Methyl ester hydrochloride (L-NAME, 10 Y
adrenergic receptor blocking effect in the rat ~ andindomethacin (10 ~ M) do not affect the
aorta. However, in addition to its inhibiton of  relaxation induced by racemic (Ra) nebivolol
alpha-1 adrenergic receptor activity, other  in the phenylephrine-contracted aortic rings
mechanisms may play a role in the vasodilator obtained from rats 4 and 8 months of age
effect of nebivolol, such as a calcium channel (n=8)

*P<0.05, **P=0.01, ***P <0.001 vs. control (C). |

% of max PE

log M [PE]

Fig. 5. Effect of racemic nebivolol (Ra, 10 ~°, 107, 10™* M) on the phenylephrine (PE)
concentration-response curve in aortic rings obtai ned from 8-month-old rats (n = 5)
*P < 0.05, *P < 0.01, **P < 0.001 vs. control (C)



5. CONCLUSION

The relaxation responses of racemic, D-, and L-
nebivolol were similar following phenylephrine-
induced contractions in aortic rings obtained from
rats 4 and 8 months of age. Whereas
cyclooxygenase metabolites and NO did not play
a role in the relaxation response, inhibition of the
phenylephrine contractions by racemic nebivolol
might be due to its alpha adrenergic receptor
blocking activity. The same mechanism might be
responsible for the relaxation response of the two
stereoisomers as their vasodilation response was
similar to that of nebivolol. Because the
difference in the ages of the rats used in this
study was small, future studies with older rats are
suggested to show any age-related differences in
the effect of nebivolol.
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