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Abstract

Introduction. Nebivolol, a third-generation [-blocker, is subject to extensive

first-pass metabolism and produces active p-blocking hydroxylated metabolites, like

4-OH-nebivolol. It is primarily a substrate of CYP2D6, a metabolic pathway that
is under polymorphic genetic regulation. The objective of this study was to assess
the metabolizer phenotype and to evaluate the interphenotype bioavailability and
metabolism of nebivolol.

Material and methods. Forty-three healthy volunteers were included in this
open-label, non-randomized clinical trial and each volunteer received a single dose
of 5 mg nebivolol. Non-compartmental pharmacokinetic analysis was performed to
determine the pharmacokinetic parameters of nebivolol and its active metabolite.
The phenotypic distribution was assessed based on the AUC (aria under the curve)
metabolic ratio of nebivolol/4-OH-nebivolol and statistical analysis. An interphenotype
comparison of nebivolol metabolism and bioavailability was performed based on the
pharmacokinetic parameters of nebivolol and its active metabolite.

Results. Nebivolol/4-OH-nebivolol AUC metabolic ratios were not characterized
by a standard normal distribution. The unique distribution emphasized the existence of
two groups and the 43 healthy volunteers were classified as follows: poor metabolizers
(PMs)=3, extensive metabolizers (EMs)=40. The phenotype had a marked impact
on nebivolol metabolism. The exposure to nebivolol was 15-fold greater for PMs in
comparison to EMs.

Conclusion. 40 EMs and 3 PMs were differentiated by using the pharmacokinetic
parameters of nebivolol and its active metabolite. The study highlighted the existence
of interphenotype differences regarding nebivolol metabolism and bioavailability.
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B-blocker widely used for the treatment of hypertension

Nebivolol is a cardioselective third-generation  [1,2]. In Europe, nevibolol is also indicated for stable
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and over [2]. This beta-blocker has a dual mechanism of
action, namely it is both highly B1-selective and promotes
endothelium-dependent vasodilation [3,4]. Nebivolol is
marketed as a racemic mixture of d- and I-enantiomers.
Although d-nebivolol is responsible for the selective p1-
adrenergic receptor antagonism and l-nebivolol for the
vasodilatory effect [5], the combination appears to have
greater antihypertensive activity than either enantiomer
alone [6].

This beta-blocker is rapidly absorbed after oral
administration and its absorption is not affected by food
[1,2,7]. Peak plasma concentrations are achieved 1 hour
after healthy volunteers receive a single dose of 5 mg
nebivolol. It is primarily metabolized hepatically by
CYP2D6, a metabolic pathway that is under polymorphic
genetic regulation [8-11]. The mechanisms involved include
the following: N-dealkylation, hydroxylation, oxidation
and glucuronidation [8,9]. Both aromatic hydroxylated
and alicyclic oxidized molecules are pharmacologically
active metabolites, similar to the parent drug [11,12],
whereas the N-dealkylated metabolite and glucuronides
are inactive metabolites [11]. The oral bioavailability is
12 % in extensive metabolizers (EMs) and 96 % in poor
metabolizers (PMs) [9,12]. The half-life of nebivolol is
approximately 10 hours in EMs, but can be prolonged up
to 30-50 hours in PMs [10]. When given orally to EMs,
approximately 38% is excreted in the urine and 44% in
the feces, but when given to PMs, the primary route of
elimination is the urine followed by feces, 67 versus 13%,
respectively [8].

CYP2D6 is a member of the the cytochrome
P450 (CYPs) enzyme superfamily that is involved in the
metabolism of a large number of drugs. Although it accounts
for only a small percentage of all hepatic CYPs (2-4 %), it
is involved in the metabolism of approximately 25 % of
currently used drugs [13]. Typical substrates for CYP2D6
include antidepressants, antipsychotics, antiarrhytmics,
antiemetics, beta-blockers, tamoxifen and opioids [13,14].

Four metabolizer phenotypes are used to
characterize drug metabolism via CYP2D6 in vivo: ultra-
rapid metabolizers (UM), extensive metabolizers (EMs),
intermediate metabolizers (IMs) and poor metabolizers
(PMs) [15].

The objective of this study was to identify the
metabolizer phenotype based on the pharmacokinetic
parameters of nebivolol and its active metabolite (4-OH-
nebivolol) and to assess whether the phenotype has an
impact on nebivolol bioavailability and metabolism.

Material and methods

The study was conducted in full conformity with
the Declaration of Helsinki (1964) and its amendments
(Tokyo 1975, Venice 1983, Hong Kong 1989) and Good
Clinical Practice (GCP) rules. The clinical protocol was
reviewed and approved by the Ethics Committee of the

Iuliu Hatieganu University of Medicine and Pharmacy and
all volunteers gave their written informed consent prior to
any study procedure.

Subjects

Subjects were considered eligible for inclusion in
the study if they were healthy, non-smoking, Caucasian
males or females aged between 18 and 55 years and who
had a body mass index ranged between 19 and 25 kg/m?.
The assessment was based on detailed medical history,
general physical examination, electrocardiogram (ECQ),
vital signs and laboratory investigations.

The subjects were excluded if any clinically relevant
abnormality was identified at the physical examination or
clinical laboratory tests. A significant medical history that
can alter drug response, the use of any medication within 14
days before the drug administration and the unwillingness
to follow the study requirements were also considered
exclusion criteria.

Study sample
Forty-three subjects were included in the study.

Study design

The study was designed as an open-label, non-
randomized clinical trial and each subject received a single
oral dose of 5 mg nebivolol. The drug was administered in
the morning, after overnight fasting (12 h) and with at least
150 mL water.

Venous blood (5 ml) was drawn into heparinized
tube before dosing and at the following times: 0.5, 1, 1.5,
2,25,3,4,6,8, 10, 12, 24, 36 and 48 hours after drug
administration . The separated plasma was stored frozen
(-20°C) until analysis.

The pharmaceutical product used was Nebilet (5 mg
nebivolol, tablets, producer Berlin-Chemie AG (Menarini
Group), Germany).

Bioanalytical methods

The plasma concentrations of nebivolol and
its corresponding hydroxylated metabolite (4-OH-
nebivolol) were analyzed by a validated high-throughput
liquid chromatography-mass spectrometry method.
The HPLC system was an Agilent 1100 series (binary
pump, autosampler, thermostat) (Agilent Technologies,
USA) and was coupled with an Brucker Ion Trap SL
(Brucker Daltonics GmbH, Germany). A Zorbax SB-C18
chromatographic column (100 mm x 3.0 mm id., 3.5
um) (Agilent Technologies) was used. The mobile phase
consisted of 64:36 (v/v) 0.2%(V/V) formic acid in water:
methanol. The flow rate was 1 ml/min and the thermostat
temperature set at 45 °C. The mass spectrometry detection
was in multiple reaction monitoring mode, positive ions,
using an electrospray ionization source. The ion transitions
monitored were m/z 406 for nebivolol and m/z 404 from
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m/z 422 for its hydroxylated metabolite.

Pharmacokinetic analysis

Non-compartmental pharmacokinetic (PK) analysis
was employed to determine the pharmacokinetic parameters
of nebivolol and its hydroxylated active metabolite
(4-OH-nebivolol). The analytical method for nebivolol
determination was not enantioselective. The maximum
plasma concentration (C__, ng/ml) and the time to reach
the peak concentration (t_ , h) were obtained directly by
visual inspection of each subject’s plasma concentration-
time profile. The area under the concentration-time curve
(AUC, ) was estimated by integration using the trapezoidal
rule from time zero to the last measurable concentration at
time t. The area was extrapolated to infinity (AUC, ) by
addition of C/ k, to AUC, where C is the last quantifiable
drug concentration and k , is the elimination rate constant.
The pharmacokinetic analysis was carried out using
Phoenix WinNonlin 6.1 (Pharsight, USA).

Statistical analysis

The phenotypic distribution was assessed based
on the AUC,  metabolic ratio (R_AUC nebivolol/4-
OH-nebivolol). The metabolic ratio was determined for
each subject and the lower values were associated with
the extensive metabolizer (EM) phenotype, meanwhile
the higher values were attributed to the poor metabolizer
(PM) phenotype. Histograms were also used to represent
the intersubject variability concerning the AUC metabolic
ratios.

The normal distribution of the AUC metabolic
ratios (R_AUC nebivolol/4-OH-nebivolol) was evaluated
by using the Shapiro-Wilk test. The statistical analysis was
performed using SPSS 21.0 (SPSS Inc., USA) software.
A p value less than 0.05 was considered to be statistically
significant.

After the identification of poor metabolizers (PMs)
and extensive metabolizers (EMs), the differences between
nebivolol bioavailability and metabolism were evaluated
for each phenotype by using the AUC and C__mean values.

Results

Demographics
The main characteristics (mean+SD) of the subjects

included in the study and identified as EMs or PMs are
presented in Table I.

Table I. Demographic data.

Patient characteristics (Ei\;[;) (ll’lll/gs)
Age (years) 25.08£2.70 29.67+£9.24
Height (cm) 1.76 + 0.09 1.74 +0.03
Weight (kg) 72.33+13.44 73.33 £ 6.66
Body mass index (kg/m?) | 23.29 +2.98 24.17+1.17

Assessment of the phenotypic distribution

The pharmacokinetic results, respectively the AUC
values for nebivolol and its active metabolite, as well as the
AUC metabolic ratios (R_AUC nebivolol/4-OH-nebivolol)
for each subject are summarized in Table II.

Table II. AUC and R_AUC individual values.

AUC_ AUC_4-OH- R_AUC
Subject nebivolol nebivolol nebivolol/4-
(h*ng/ml) (h*ng/ml) OH-nebivolol
1 18.12 15.27 0.84
2 48.47 36.11 0.74
3 432 9.59 222
4 3.16 6.08 1.92
5 26.25 239.47 9.12
6 15.3 6.68 0.44
7 35.46 19.27 0.54
8 6.63 13.51 2.04
9 22.18 4.63 0.21
10 5.68 7.68 1.35
11 6.37 4.98 0.78
12 3.24 8.06 2.49
13 9.8 3.54 0.36
14 13.12 10.6 0.81
15 3.21 4.85 1.51
16 34.23 232.43 6.79
17 4.38 3.43 0.78
18 33.71 16.84 0.50
19 78.35 42.46 0.54
20 5.48 4.28 0.78
21 13.5 11.59 0.86
22 32.47 29.74 0.92
23 6.12 3.48 0.57
24 4.14 241 0.58
25 14.42 5.69 0.39
26 21.39 7.3 0.34
27 3.28 5.18 1.58
28 7.98 9.29 1.16
29 6.35 2.56 0.40
30 41.69 26.31 0.63
31 13.8 19.29 1.40
32 11.44 5.75 0.50
33 3.81 3.88 1.02
34 3.64 1.44 0.40
35 4.72 2.64 0.56
36 25.1 7.26 0.29
37 4.79 7.01 1.46
38 30.47 211.77 6.95
39 27.71 1543 0.56
40 3.78 6.12 1.62
41 1.7 2.09 1.23
42 6.39 5.12 0.80
43 10.91 5.64 0.52

AUC nebivolol - area under the plasma concentration—time curve from
time 0 to infinity for nebivolol; AUC_4-OH-nebivolol - area under the
plasma concentration—time curve from time 0 to infinity for nebivolol
hydroxylated active metabolite (4-OH-nebivolol); R_AUC nebivolol/
4-OH-nebivolol — metabolic ratio (AUC _nebivolol/AUC_4-OH-
nebivolol)
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The histogram analysis of the R AUC values for
nebivolol/4-OH nebivolol is presented in Figure 1.

nc

Freq

051 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95

Bins (R_AUC)

Figure 1. R_AUC metabolic ratio as histogram representation.

Table I1I presents the result of the statistical analysis
test used to investigate the normality of distribution for the
R _AUC values.

Table I1I. Statistical data for normality of distribution.

Shapiro-Wilk
R_AUC nebivolol/4-  Statistic df p-value*
OH-nebivolol 0.500 43 0.000

AUC - area under the plasma concentration—time curve from time zero
to infinity;

R_AUC — metabolic ratio (AUC nebivolol/ 4-OH-nebivolol)

*p<0.05 — statistically significant

Phenotypic differences in nebivolol bioavailability
and metabolism

The mean plasma concentration—time curve of
nebivolol and its corresponding hydroxylated active
metabolite for each phenotype (mean values +SD), are
illustrated in Figure 2 (nebivolol), Figure 3 (4-OH-
nebivolol) and Figure 4 (nebivolol + 4-OH-nebivolol, sum
of molar concentrations).

67 —@— nebivolol - PMs

—O— nebivolol - EMs

Concentration (ng/ml)

Time (h)

Figure 2. Mean + SD plasma concentration—time curves of
nebivolol for extensive metabolizers (EMs) and poor metabolizers
(PMs).

The median values for the pharmacokinetic
parameters (AUC and C_ ) of nebivolol and its active
hydroxylated metabolite are presented in Table IV,
depending on the phenotype (EMs or PMs).

Discussion
Phenotyping consists of the administration of a
probe drug metabolised by an individual specific CYP.

—@— 4-OH-nebivolol - PMs —O— 4-OH-nebivolol - EMs

Concentration (ng/ml)

Time (h)
Figure 3. Mean £+ SD plasma concentration-time curves of

4-OH-nebivolol for extensive metabolizers (EMs) and poor
metabolizers (PMs).

—@— nebivoloH4-OH-nebivolol - PMs
—O— nebivoloH4-OH-nebivolol - EMs

Concentration (nmol/l)

0 10 20 30 40
Time (h)
Figure 4. Mean = SD plasma concentration-time curves of
nebivolol + 4-OH-nebivolol (sum) for extensive metabolizers
(EMs) and poor metabolizers (PMs).

Table I'V. Median AUC and C___values for nebivolol and 4-OH-
nebivolol according to each phenotype (EMs and PMs) and the
corresponding interphenotype comparison (PMs/EMs).

Pharmacokinetic

parameters PMs EMs PM/EMs
= = o,
(mean SD) (n=3) (n=40) (%)
AUC nebivolol 139.22 + 9.19 + 1514.9
(h*ng/ml) 20.80 8.91 '
AUC 4-OH- 9.34 +
nebivolol (h*ng/ml) 13.54+1.33 7.98 144.9
C___nebivolol 1.66 £
max — +
(ng/ml) 5.24+0.48 0.86 315.6
C  4-OH- 0.63 +
nébivolol (ng/my 043 =006 0.22 68.2
C, .. - maximum plasma concentration; AUC - area under the plasma

concentration—time curve from time zero to infinity; EMs — extensive
metabolizers; PMs — poor metabolizers

A particular metabolic profile ca be defined based on the
assessment of different pharmacokinetic parameters of
the probe drug and its metabolites or the determination
of a metabolic ratio between the drug and its metabolite
[14]. Although several drugs, like debrisoquine, sparteine
and dextromethorphan have been used as CYP2D6
phenotyping probes [14], the present study used nebivolol
as a probe drug. This was possible considering that
nebivolol undergoes extensive hepatic metabolism through
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the cytochrome P450 2D6 (CYP2D6) [8-11]. CYP2D6
is considered to be the most studied polymorphically
expressed drug metabolising enzyme in humans [16]. Two
major phenotypes exist, extensive metabolizers (EMs)
and poor metabolizers (PMs), together with the two less
studied phenotypes of ultrarapid metabolizers (UMs) and
intermediate metabolizers (IMs) [17]. EMs have normal
enzymatic activity and represent 60—85 % of the Caucasian
population [14]. The poor metabolizer status (PM) is an
autosomal recessive trait produced by mutation and (or)
deletion of both alleles for phenotypic expression. This
phenotype is characterized by a deficiency in forming
the relevant metabolite(s) of affected substrate due to
the much slower biotransformation rate and is associated
with accumulation of specific drug substrates [18].
Phenotypically, the CYP2D6 PMs compose approximately
5-10% of the Caucasian population [13,14].

In the present study, after performing the metabolic
ratio (R_AUC) analysis of nebivolol/4-OH-nebivolol (its
active hydroxylated metabolite) for each individual (Table
2), three subjects, subject number 5, 16 and 38 respectively,
were outlined from the rest of the group. In comparison
to the other participants, these subjects presented higher
R_AUC metabolic ratios, thus suggesting the existence of
two different phenotypes in the study sample. The presence
of two distinct groups was also demonstrated by using the
histogram analysis (Fig. 1) that emphasized the existence
of extreme R AUC values for the three subjects mentioned
above. Furthermore, the statistical test which verified the
normality of distribution (Table 3) showed that the analyzed
data (R_AUC values) was not normally distributed, which
indicated that the group is heterogeneous. Consequently, the
forty-three subjects included in the study can be separated
as follows: one group of 40 subjects with lower values for
R_AUC and a second group consisting of 3 subjects with
higher R_AUC values. More precisely, the metabolic ratio
(R_AUC) of nebivolol/4-OH- nebivolol and the statistical
analysis clearly demonstrated the existence of two different
phenotypic groups: PMs (3 subjects, respectively number
5, 16 and 38) and EMs (the other 40 subjects).

After the phenotypic analysis, the pharmacokinetic
parameters of nebivolol and its active metabolite were
further used to evaluate the interphenotype bioavailability
and metabolism of nebivolol. Fig. 2 illustrated the mean
plasma concentrations of nebivolol for each phenotype
(EMs and PMs) and underlined that nebivolol plasma
concentrations were greater for the PMs in comparison
to EMs. Additionally, when the sum of the molar
concentrations of nebivolol and its metabolite was depicted
in Fig. 4, it was established that the PMs were associated
with notable higher concentrations in comparison to EMs.
As for the hydroxylated metabolite, it was expected that
for the PM phenotype, the mean plasma concentrations
to be much lower than for the EM phenotype, but that
was not the case in the present study. The mean plasma

concentration-time profile for 4-OH-nebivolol presented in
Fig. 3 revealed that the interphenotype differences were not
marked.

Considering each metabolizer phenotype (EMs or
PMs), the median values for the pharmacokinetic parameters
(AUC,, and C_ ) of nebivolol and 4-OH-nebivolol were
described in Table 4. By analyzing these values, it was
established that depending on the phenotype, there were
significant differences between the AUCand C__values for
nebivolol, but not for its active metabolite. A comparative
analysis of the parameters presented in Table 4 emphasized
that for the PMs, nebivolol bioavailability was 15-fold
greater (AUC) and the maximum plasma concentration
3-fold greater (C_ ) than for the EMs. Therefore, PM
phenotype was associated with an increased exposure to
nebivolol due to the much slower metabolism of the drug.
For the same phenotype (PMs), even though the mean peak
plasma concentration (C_ ) proved to be higher for the
EMs (0.63 + 0.22 vs 0.43 + 0.06 ng/ml), the exposure to
4-OH-nebivolol was 1.4-fold greater (AUC) than the levels
determined for the EMs, thus suggesting that the active
metabolite is further metabolized via CYP2D6 and is also
directly influenced by the CYP2D6 phenotype. Therefore,
a possible explanation to this result is that, although for
the PMs the biotransformation from nebivolol to 4-OH-
nebivolol is much slower, this process is balanced by the
clearance of the metabolite that is also reduced considering
the CYP2D6 poor metabolizer phenotype.

Similar studies that investigated the impact of
CYP2D6 phenotype upon metoprolol metabolism showed
that the AUCs of metoprolol were 4- to 6-fold higher in
PMs than in EMs after a single dose and 3- to 4-fold higher
after repeated dosing [13]. Hence, in the present study,
the phenotype impact on nebivolol metabolism (15-fold
increased exposure to nebivolol for the PMs) was much
greater than for metoprolol and underlines the need of
additional studies that evaluate the clinical relevance of
this result.

PMs imply a decreased metabolism of drugs and
require lower dosages to avoid toxic effects. The status
of poor metabolizer is more frequently associated with
adverse effects due to elevated drug plasma levels if the
metabolism of the drug depends on CYP2D6 [19]. The
clinical significance of impaired elimination of -blockers
is considered to be controversial, and most studies suffer
from small numbers of CYP2D6 PMs [20]. For example, the
impact of CYP2D6 polymorphisms on metoprolol clinical
response is still a subject of debate due to conflicting results
presented in various studies. Several studies reported
increased metoprolol plasma concentrations which result
in greater reductions in heart rate and blood pressure and
an increased risk of adverse drug reactions [15,20,21],
meanwhile other studies showed no increased risk of
side effects or an increased antihypertensive response
to metoprolol [22,23]. As for nebivolol, Lefebvre et al/
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investigated the influence of CYP2D6 phenotype on the
clinical response of nebivolol in patients with essential
hypertension and concluded that CYP2D6 phenotype
significantly influenced the metabolism of nebivolol, but
not its antihypertensive efficacy and tolerability. A possible
explanation for the similar clinical response in EMs and
PMs was attributed to the existence of active hydroxylated
metabolites of nebivolol that may contribute to the overall
antihypertensive effect in EMs [24]. Nonetheless, the
clinical relevance of CYP2D6 phenotype on nebivolol
therapy needs further investigation.

Phenotyping is also an important step before
initiating pharmacokinetic drug-drug interaction studies.
Substrates with a high affinity bind strongly to CYP2D6
and become enzymatic inhibitors of the metabolism of other
compounds which have lower affinity. This drug interaction
would be visible in EMs, but not in PMs as they do not
have CYP2D6 enzymes to compete for [19]. Therefore,
without phenotyping or genotyping, the presence of PMs
can interfere with the outcome of the study.

Two potential limitations of this study are the lack
of CYP2D6 genotype data for the subjects and the relative
small number of subjects included, emphasizing the fact
that CYP2D6 genotyping is necessary in order to accurately
establish the phenotype status and to validate the results
presented in this study.

Conclusion

The AUC metabolic ratios of nebivolol and its
active metabolite and the statistical analysis highlighted
the existence of two groups of subjects (PMs and EMs).
Nebivolol bioavailability was greater for the PMs in
comparison with EMs, suggesting the potential need for
individualized treatment strategies in order to manage
nebivolol therapy for PMs.
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