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ABSTRACT - PURPOSE: To investigate whether fluvoxamine coadministration can influence the
pharmacokinetic properties of nebivolol and its active hydroxylated metabolite (4-OH-nebivolol) and to assess
the consequences of this potential pharmacokinetic interaction upon nebivolol pharmacodynamics. METHODS:
This open-label, non-randomized, sequential clinical trial consisted of two periods: Period 1 (Reference), during
which each volunteer received a single dose of 5 mg nebivolol and Period 2 (Test), when a combination of 5 mg
nebivolol and 100 mg fluvoxamine was given to all subjects, after a 6-days pretreatment regimen with
fluvoxamine (50-100 mg/day). Non-compartmental analysis was used to determine the pharmacokinetic
parameters of nebivolol and its active metabolite. The pharmacodynamic parameters (blood pressure and heart
rate) were assessed at rest after each nebivolol intake, during both study periods. RESULTS: Fluvoxamine
pretreatment increased Cmax and AUCo.. of nebivolol (Cpax: 1.67 = 0.690 vs 2.20 £ 0.970 ng/mL; AUCo: 12.1
+ 11.0 vs 19.3 £ 19.5 ng*h/mL ) and of its active metabolite (Cmax: 0.680 + 0.220 vs 0.960 + 0.290 ng/mL;
AUCp«: 17.6 £20.1 vs 25.5 £29.9 ng*h/mL). Apart from Cpax, AUCo.cand AUCy., the other pharmacokinetic
parameters (tmax, Ko and ty) were not significantly different between study periods. As for the pharmacodynamic
analysis, decreases in blood pressure and heart rate after nebivolol administration were similar with and without
fluvoxamine concomitant intake. CONCLUSIONS: Due to enzymatic inhibition, fluvoxamine increases the
exposure to nebivolol and its active hydroxylated metabolite in healthy volunteers. This did not influence the
blood pressure and heart-rate lowering effects of the beta-blocker administered as single-dose. However, more
detail studies involving actual patients are required to further investigate the clinical relevance of this drug
interaction.

This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page.

INTRODUCTION receptors is determined almost exclusively by d-
nebivolol, while l-nebivolol mainly provides the
Nebivolol is a highly lipophilic, third-generation vasodilatory effect (6,7).

beta-blocker used for the treatment of hypertension Nebivolol is rapidly absorbed after oral
and chronic heart failure (HF) (1,2). Until now, it administration and food intake has a minimal impact
was proved to possess the highest selectivity for the on this process (2,4). According to a study
Bl-adrenergic receptors (up to 320-fold vs [2) performed on rats, the low bioavailability of
among the beta-blockers. With a unique nebivolol is due to first-pass metabolism through the
hemodynamic profile, this drug exhibits a gut (8). In addition, it was also revealed that this
vasodilatory role by interacting with the endothelial beta-blocker is subjected to hepatic metabolism
L-arginine/NO pathway and thus enhancing NO primarily through CYP2D6 (9). Nebivolol is
release and bioavailability (3,4). In addition, extensively metabolized by oxidation,

nebivolol exerts an antioxidant effect which may
also contribute to its vasodilatory action (5). This
beta-blocker is available as a racemate of d-
nebivolol and I-nebivolol, two enantiomers that act
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glucuronidation, hydroxylation and N-dealkylation,
each metabolic pathway providing different
metabolites  (10,11). The hydroxylated and
glucuronidated  metabolites  are  considered
pharmacologically active, which contributes to an
equally similar clinical profile for both CYP2D6
phenotypes (12,13). As CYP2D6 is a polymorphic
isoenzyme, extensive metabolizers (EMs) and poor
metabolizers (PMs) exhibit different
pharmacokinetic properties. Oral bioavailability
varies between 12 % in EMs versus 96 % in PMs
(10) and studies revealed that the elimination half-
life (t») of nebivolol and its hydroxyl-metabolites
were increased 3-5 fold, respectively 2-fold in the
PM group (14).

Fluvoxamine is a selective serotonin reuptake
inhibitor (SSRI) widely used for the treatment of
major depressive episodes, obsessive-compulsive

disorder, social anxiety disorder and bulimia nervosa.

Almost  completely  absorbed  after  oral
administration, its peak plasma concentrations (Cmax)
1s reached in 3 to 8 hours, the mean ty is about 15
hours and steady-state plasma levels are obtained
after approximately 1 week (15,16). With a
nonlinear pharmacokinetics, fluvoxamine undergoes
hepatic  biotransformation  through  oxidative
demethylation and oxidative deamination resulting
in inactive metabolites (17). Most importantly, a
great concern lies in the potential interactions of
fluvoxamine, as it is known to be a potent inhibitor
of CYP1A2 and CYP2C19, a moderate inhibitor of
CYP2C9 and CYP3A4, and a weak inhibitor of
CYP2D6 (18).

Depressive disorder was found to be highly
prevalent in patients with cardiovascular diseases
(19). For example, a meta-analysis reported a
prevalence of 21.5 % for depression in patients with
HF and concluded that this comorbidity was present
in at least 1 out of 5 patients (20). Considering this
epidemiological context, the present study will offer
valuable information regarding the safety profile of
nebivolol. Also, the results could help clinicians
choose appropriate combination strategies when
pharmacological treatment for cardiovascular
disease and depressive disorder is equally needed.
Therefore, although fluvoxamine is only a weak
inhibitor of CYP2D6, it is imperative to investigate
whether it can influence the pharmacokinetics of
cardiovascular drugs known to be CYP2D6
substrates, like nebivolol. The main objective of the
present research was to verify whether a
pharmacokinetic interaction between nebivolol and
fluvoxamine does exist and if so, to provide a first
insight concerning its potential clinical relevance.

METHODS

Volunteers

Inclusion criteria required subjects to be healthy,
nonsmoking Caucasian males or females, 18 to 55
years old. Their health status was assessed based on
medical history, physical examination, vital signs
assessment (blood pressure (BP) and heart rate
(HR)), electrocardiogram (ECG) and clinical
laboratory tests (hematology, blood chemistry,
serology and urinalysis). Volunteers were excluded
from the study if they had a history of drug allergy,
alcohol or drug abuse, any clinically relevant
abnormality identified at the physical examination,
including resting HR less than 60 beats per minute
and BP less than 90/50 mmHg. Those who used any
medication within 14 days before the trial, who
donated blood within 90 days before the study
initiation or had a significant medical history that
can alter drug response or a lifestyle incompatibility
with the study requirements, were also considered
ineligible subjects for the present research.

The clinical protocol was reviewed and approved
by the Ethics Committee of the University of
Medicine and Pharmacy “Iuliu Hatieganu”, Cluj-
Napoca, Romania. All volunteers gave their written
informed consent prior to study inclusion. The
research was conducted according to the Declaration
of Helsinki and its amendments and Good Clinical
Practice guidelines.

Study design

The study was designed as an open-label, non-
randomized, sequential study, that consisted of 2
periods. Day 1 of clinical trial (Reference), each
volunteer received a single dose of 5 mg nebivolol.
In between the Reference and Test periods of the
study, the subjects were treated with a single daily
dose of 50 mg fluvoxamine for 3 days (day 2, 3 and
4 of clinical trial), followed by 3 days in which they
were given 100 mg fluvoxamine as a single daily
dose (day 5, 6 and 7). This pretreatment, with the
enzymatic inhibitor (fluvoxamine), was done in
order to create a repeated dosing regimen of
fluvoxamine plasma concentrations. Day 8 of
clinical trial (Test), all volunteers received a single
dose of 5 mg nebivolol + a single dose of 100 mg
fluvoxamine.  All volunteers were required to
undergo a 12-hour overnight fast prior to drug
administration and all drugs were administered in
the morning, with at least 150 mL water. The
volunteers were quarantined in a controlled
environment, at the clinical research unit, on day 1
and day 8 of the study, where they remained for 12
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hours after drug administration. Standardized meals
were provided for breakfast, lunch and dinner at 3, 6
and 10 hours after dosing. Water intake was
prohibited 1 hour before and two hours after drug
administration. Also, drugs (other than the study
medication and oral contraceptives, if needed),
alcoholic or caffeine-containing beverages and
smoking were not allowed.

The pharmaceutical products used were Nebilet
for nebivolol (5 mg tablets, manufactured by Berlin-
Chemie AG (Menarini Group), Germany) and
Fevarin for fluvoxamine (50 and 100 mg coated
tablets, manufactured by Abbott Healthcare Products
B.V, The Netherlands ).

Blood plasma samples collection and analytical
method description

Venous blood (5 ml) was drawn into heparinized
tubes, on the first and last day of study, at pre-dose
(0 hours), aswell asat 1/2,1,11/2,2,21/2, 3, 4,6,
8, 10, 12, 24, 36 and 48 hours after drug
administration . The separated plasma was frozen (-
20 °C) until analysis.

The plasma concentrations of nebivolol and its
active hydroxylated metabolite (4-OH-nebivolol)
were determined using validated high-performance
liquid chromatography (HPLC)-tandem mass
spectroscopy methods (MS). The analytical method
used was not enantioselective. The HPLC system, an
Agilent 1100 series (binary pump, autosampler,
thermostat) (Agilent Technologies, USA) was
coupled with a Brucker Ion Trap SL (Brucker
Daltonics GmbH, Germany). A Zorbax SB-C18
chromatographic column (100 mm x 3.0 mm i.d., 3.5
um) (Agilent Technologies) was used and the mobile
phase consisted of 64:36 (v/v) 0.2 % (V/V) formic
acid in water: methanol. The thermostat temperature
was set at 45 °C, while the flow rate was 1 ml/min.
In these chromatographic conditions, the retention
times for nebivolol and its metabolite were 5.0 min
and 6.4 min, respectively. The mass spectrometry
detection was in positive-ion electrospray mode,
multiple-reaction monitoring. The monitored ion
transitions were m/z 406 for nebivolol and m/z 404
from m/z 422 for its hydroxylated metabolite.

The preparation of each sample was performed
in an Eppendorf tube, in which 0.1 ml perchloric
acid 7% (V/V) in water was added to 0.2 ml plasma.
The tube was vortex-mixed for 10 seconds, then
centrifuged for 6 min at 9000 rpm. The supernatant
was transferred to an autosampler vial and 40 pl
were injected into the chromatographic system. The
analytical method was validated in terms of
specificity, linearity, intra- and inter-day precision,

accuracy and analyte recovery. The calibration
curves of nebivolol and its metabolite were linear at
a concentration range of 0.1-16 ng/ml plasma, with
correlation coefficients (r) 0.9925 £+ 0.0023 (mean =+
standard deviation (SD), n = 5) for nebivolol and
0.9918 + 0.0031 for 4-OH-nebivolol, respectively.
For nebivolol, intra- and inter-day precision was less
than 12.3%, the accuracy (bias) less than 6.31% and
the recovery ranged between 86-105%, respectively.
For 4-OH-nebivolol, intra- and inter-day precision
was less than 9.2%, the accuracy less than -8.8% and
the recovery ranged between 93-110%, respectively.

Pharmacokinetic analysis

The pharmacokinetic (PK) parameters of nebivolol
and its active metabolite (4-OH-nebivolol), when
given alone and in combination with fluvoxamine,
were determined by a non-compartmental analysis
using Phoenix WinNonlin Professional software
(Version 6.3, Pharsight Corp., Mountain View, CA,
USA). Peak plasma concentration (Cpax, ng/ml) and
the time to reach Cpax (tmax, h) Were noted directly
from the experimental data, respectively from the
concentration vs. time profiles of both analytes. The
area under the time—concentration curve from time 0
to the last measurable time (AUCy.)) was calculated
using the trapezoidal rule-extrapolation method,
while the area under the time-concentration curve
extrapolated to infinity (AUCy..) was obtained as
follows: AUCo + Cvke (C: - the last quantifiable
drug concentration, ke is the elimination rate
constant). kg was calculated by linear regression
analysis of the terminal phase of the log
concentration—time profile and the half-life (t,;) was
obtained using the following formula ty, =0.693/k.

Phenotype analysis

Potential PMs were identified based on the AUCo.
metabolic ratio (AUCy... nebivolol/AUCy., 4-OH-
nebivolol) corresponding to the Reference period.
This was performed for each volunteer and
subsequently, the AUC metabolic ratios were
evaluated for standard normal distribution and
outliers to determine phenotypic distribution. The
higher values of AUC metabolic ratio (nebivolol/4-
OH-nebivolol) were associated with the PM status,
while the rest of the values were considered to
represent the EM group. Considering that the aim of
this research was not to investigate the influence of
each  phenotypic  group  upon  nebivolol
pharmacokinetics, but to assess the existence of a
potential pharmacokinetic drug-drug interaction
between nebivolol and fluvoxamine, PMs were
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excluded from the study and the final analysis
included only the results attributed to the EM group.

Pharmacodynamic analysis

The pharmacodynamic (PD) parameters,
respectively  systolic/diastolic ~ blood  pressure
(SBP/DBP) and HR, were measured and recorded
during both study periods (day 1 and day 8) while
the volunteers were at rest, in a supine position,
before and at 1, 2, 3,4, 5,6, 7,8,9, 10, 11, 12, 24,
36 and 48 hours after nebivolol intake. A semi-
automatic blood pressure monitor (BP AS5O0,
MicroLife, Switzerland) was used to obtain the
required measurements and for each time-point
mentioned before, two assessments of BP and HR, at
2 minutes apart, were performed, with the mean
values being included in the statistical analysis.
After obtaining the PD parameters, the change of
each measurement (SBP, DBP and HR) in the
absence or presence of drug interaction was
evaluated. More precisely, the effect of nebivolol on
resting SBP/DBP and HR at each measuring point
before and after fluvoxamine concomitant
administration, was calculated as the percentage
change from baseline (before nebivolol intake).
Afterwards, the parameters corresponding to the two
study periods were compared by using a graphical

and also a statistical approach (Test versus
Reference).

STATISTICAL ANALYSIS

The statistical analysis selected to test for

differences between study periods for all the PD
parameters was a general linear model. The
differences between study periods for normally
distributed PK parameters were tested with a paired
t-test, while a Wilcoxon signed-ranks test was used
for those who didn’t follow a normal distribution.

The sample size for the main outcome of the
study — the differences between PK parameters (Cmax
and AUC) for the two study periods, were computed
for a level of significance of 0.05, a power of 90%, a
two tailed p-value paired t-test using G*Power
(Version 3.0.10, Germany) (21). We used the means
and standard deviations from articles comparing the
same 5 mg dose of nebivolol and nebivolol with
another inhibitor - paroxetine (22) and cimetidine
(23), and we simulated all predictions for a
correlation coefficient between the two periods (0.01
—0.99) and 0.5. We obtained a range of predictions
between 3 to 19 subjects, and we finally chose a
target sample size of 20.

The statistical analysis was performed using
Phoenix WinNonlin Professional software (Version
6.3, Pharsight Corp., Mountain View, CA, USA) and
R environment for statistical computing and graphics
(Version 3.2.3, R Core Team, Vienna, Austria). A
two tailed p value less than 0.05 was considered to
be statistically significant.

The bioequivalence assessment methodology
was used in order to detect significant changes in PK
parameters and to evaluate a possible clinical
relevance associated with the potential drug
interaction between nebivolol and fluvoxamine. For
this reason, Schuirmann’s two one-sided t tests
procedure was engaged to determine 90%
confidence intervals (CI) of the Test/Reference
period ratios for Cpax, AUCo: and AUCo. (log
transformed). Bioequivalence between nebivolol
administered alone or in combination with
fluvoxamine was assumed when the ratio
Test/Reference fell within the 90% CI 0.80-1.25
reference range. For tma, the bioequivalence range
was expressed as untransformed data and
significance was tested by using the nonparametric
Friedman test.

RESULTS

Phenotype analysis

The results of the AUCy. metabolic ratio
(nebivolol/4-OH-nebivolol) assessment showed that
two subjects could be considered as having a PM
status (subject number 5 and 16). For the PM group,
the mean AUC. metabolic ratio was 7.96+1.65
(AUCy.» nebivolol: 236+4.98 ng*h/mL; AUCj.. 4-
OH-nebivolol: 30.2+5.64 ng*h/mL), whereas for the
EM group the mean value was very different,
respectively  1.05£0.697 (AUCo»  nebivolol:
12.1£11.0 ng*h/mL; AUCy. 4-OH-nebivolol:
17.6+20.1 ng*h/mL). According to study protocol,
in order to avoid any interference with the outcome
of this assay, the potential PMs were excluded from
the investigation and only data pertaining to the
remaining 18 subjects (EMs) was included in the
final PK, PD and statistical evaluation.

Demographics

Demographic data of the EM group that was
included in the final analysis are presented in Table
1. All volunteers completed the study without
protocol deviations.
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Pharmacokinetics

Mean plasma concentration-time profiles of
nebivolol and its corresponding hydroxylated active
metabolite, when administered alone or in
combination with fluvoxamine, are presented in
Figure 1 (nebivolol) and Figure 2 (nebivolol 4-OH-
nebivolol).

Table 1. Demographics of the subjects included in the

final analysis (EMs)
Characteristic Value
Number of subjects 18
Gender (number)

Women 8

Men 10
Age  (years, mean = SD¥) 24.83 £3.16
BMI** (kg/m?, mean + SD¥) 22.30 £2.57

*SD - standard deviation; **BMI - body mass index
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Figure 1. Mean + standard deviation (SD) plasma concentration—time curves of nebivolol (NEB; 5 mg, p.o.) administered
alone or in combination with fluvoxamine (FLV; 100 mg, p.o.) after 6 days pretreatment with FLV (50 mg/day for 3 days
and 100 mg/day for another 3 days), n=18 (extensive metabolizers - EMs). Insert: semi-logarithmic presentation.
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Figure 2. Mean =+ standard deviation (SD) plasma concentration—time curves of 4-OH - nebivolol (4-OH-NEB; nebivolol
hydroxylated active metabolite) corresponding to nebivolol (NEB; 5 mg, p.o.) administered alone or in combination with
fluvoxamine (FLV; 100 mg, p.o.), after 6 days pretreatment with FLV (50 mg/day for 3 days and 100 mg/day for another 3
days), n=18 (extensive metabolizers - EMs). Insert: semi-logarithmic presentation.

Following the graphical representation of plasma concentration profiles for nebivolol and its active metabolite,
the mean pharmacokinetic parameters for each analyte, when administered alone or in combination with
fluvoxamine, as well as the statistical test results are presented in Table 2 (nebivolol) and Table 3 (4-OH-
nebivolol).

Table 2. Summary of pharmacokinetic (PK) parameters and statistical comparison of nebivolol (NEB) PK parameters,
following administration of 5 mg nebivolol given as a single dose, with or without fluvoxamine (FLV; multiple-dose
pretreatment, 50-100 mg/day), in 18 healthy volunteers (extensive metabolizers - EMs).

PK parameters NEB NEB + FLV p¥ value

Crax (ng/mL) 1.67 £0.69 2.20+0.97 0.029, S
1.52(1.16 - 2.19) 2.21(1.37-2.62)

tmax (h) 1.81 £1.19 1.72 +1.00 0.924, NS
1.5 (1-2.38) 1.25(1-2.38)

AUC. (ng*h/mL) 10.4 £10.5 16.3 +£18.1 0.002, S
7.87 (4.88 - 14.83) 11.89 (7.2 - 20.82)

AUC. (ng*h/mL) 12.1 £11.0 19.3 £19.5 0.002, S
7.87 (4.88 - 14.83) 11.89 (7.2 - 20.82)

ke (L/h) 0.13 £0.09 0.11 £0.06 0.338, NS
0.11 (0.08 - 0.15) 0.09 (0.06 - 0.17)

ty, (h) 7.05+3.69 9.15+6.74 0.799, NS
6.19 (4.6 - 8.96) 7.58 (4.14-11.57)

Data is presented as mean + 1 standard deviation (SD) and median and interquartile range; *statistically significant (S)
when p < 0.05; NS — non-significant
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Table 3. Summary of pharmacokinetic (PK) parameters and statistical comparison of 4-OH-nebivolol (4-OH-NEB; active
metabolite of nebivolol) PK parameters, following administration of 5 mg nebivolol (NEB) given as a single dose, with or
without fluvoxamine (FLV; multiple-dose pretreatment, 50-100 mg/day), in 18 healthy volunteers (extensive metabolizers -
EMs).

PK parameters 4-OH-NEB 4-OH-NEB + FLV p* value
Crax (ng/mL) 0.68 +0.22 0.96 £0.29 <0.001, S
0.66 (0.52 - 0.78) 0.95 (0.81 - 1.18)

tmax (h) 3.00+£1.65 242 +1.13 0.15, NS
252-4) 2(1.5-3.75)

AUC. (ng*h/mL) 9.69 £9.31 13.0 £11.5 0.002, S
572 (3-13.1) 9.69 (4.4 - 13.98)

AUCo. (ng*h/mL) 17.6 £20.1 255 £29.9 0.010, S
8.21 (4.66 - 21.16) 16.43 (5.75 - 32.07)

ke (L/h) 0.07 £0.06 0.10 £0.13 0.670, NS
0.06 (0.03 - 0.12) 0.04 (0.02 - 0.11)

ty, (h) 19.5+19.8 259 +26.4 0.442, NS

12.84 (5.97 - 26.54) 18.51 (6.39 - 31.98)

Data is presented as mean + 1 standard deviation (SD) and median and interquartile range; *statistically significant (S)
when P < 0.05; NS — non-significant

The results of the bioequivalence evaluation that
implied a comparison of the main pharmacokinetic
parameters (Crmax, tmax, AUCo.r and AUCy..) between
the two study periods are shown in Table 4. The
table includes the parametric 90% CI for the ratio

the effect induced by nebivolol upon the vital signs
(data not shown).

DISCUSSION

Test/Reference period of the mean pharmacokinetic
parameters Cmax, AUCoi, and AUCo. (log
transformed) of nebivolol and its hydroxylated
metabolite, as well as the significance of the
difference for tmax.

Pharmacodynamics

Time course of changes corresponding to the mean
pharmacodynamic parameters (SBP, DBP and HR)
measured after nebivolol 5 mg single-dose intake, in
the presence and absence of fluvoxamine, are
depicted in Figure 3 (SBP-a, DBP-b, HR-c).

One of the most important criteria when selecting a
SSRI is the potential for involvement in
pharmacokinetic drug interactions. This
characteristic is linked to their potency for inhibition
of cytochrome P450 isoenzymes involved in the
hepatic metabolism of most of the drugs (17,24).
Alongside fluoxetine and paroxetine, fluvoxamine is
considered one of the SSRIs with the highest risk of
interaction as it influences the activity of various
isoenzymes and perturbs the pharmacokinetics of
numerous drugs, like warfarin, diazepam,
alprazolam, amitryptiline, clomipramine, clozapine,

Statistical analysis did not reveal significant
differences between the two study periods regarding

imipramine, mexiletine or thioridazine (18,25,26).

Table 4. Bioequivalence (bioeq.) evaluation of the pharmacokinetic (PK) parameters corresponding to nebivolol (NEB)
and 4-OH-nebivolol (4-OH-NEB; active metabolite), before and after pretreatment with fluvoxamine (50-100 mg/day, 6
days).

Parent drug PK parameter 90 % CI* Bioeq.
/metabolite conclusion**
Cinax 1.05-1.63 Bio-ineq
NEB AUC 1.27-1.82 Bio-ineq
AUCp. 1.25-1.85 Bio-ineq
tmax Friedman Bio-eq
Cinax 1.26-1.61 Bio-ineq
4-OH-NEB AUC 1.14-1.65 Bio-ineq
AUCy 1.05-1.67 Bio-ineq
tmax Friedman Bio-eq

*90% CI- 90% confidence intervals; **Bioequivalent if 90% CI: 0.8-1.25; Bio-ineq: Bio-inequivalent
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Figure 3. Changes in mean (+ standard deviation (SD)) systolic blood pressure (SBP-a), diastolic blood pressure (DBP-b)
and heart rate (HR-c) measured at rest, following oral administration of single-dose 5 mg nebivolol (NEB), before (o) and
after fluvoxamine (FLV) pretreatment (A) for 6 days (50-100 mg/day), in 18 healthy volunteers (extensive metabolizers -

EMs).

As mentioned previously, in view of the fact that
depression can often coexist with cardiovascular
disease and its associated risk factors, including
hypertension (27), the present study aimed to
investigate whether fluvoxamine, a weak inhibitor of
CYP2D6 (18), has an impact wupon the
pharmacokinetics of nebivolol, a cardiovascular drug
that is a substrate of the same metabolic pathway.
The potential pharmacokinetic drug interaction
between nebivolol and fluvoxamine was investigated
in volunteers considered to be EMs. All data
obtained from subjects regarded as PMs were
removed from the final report in order to avoid any
interference with the outcome of the research. This
resolution can be attributed to the fact that,
according to the scientific literature, drug
interactions do not occur in PMs as the activity of
CYP2D6 is already compromised for this particular
phenotype (28).

As reported in the study results, repeated doses
of fluvoxamine influenced the pharmacokinetics of
nebivolol administered as a single-5 mg dose and its

active hydroxylated metabolite. Figure 1 revealed
that the addition of fluvoxamine altered the mean
plasma concentrations of the parent drug,
respectively nebivolol plasma levels were increased
during Test study period when the beta-blocker was
associated with the enzymatic inhibitor. The
plasmatic profile of 4-OH-nebivolol presented in
Figure 2 exposed that the mean plasma
concentrations of this active metabolite were also
raised after the concomitant use of nebivolol and
fluvoxamine. Furthermore, the pharmacokinetic
analysis showed that fluvoxamine altered the
pharmacokinetic parameters of nebivolol and its
active metabolite, although the overall impact was
rather small. For both analytes, significant
differences between their pharmacokinetic profiles
corresponding to each study period were observed
for Cmax, AUCo and AUCy., thus suggesting a
potential  presystemic drug interaction. The
pharmacokinetic evaluation of nebivolol concluded
that fluvoxamine was responsible for a 1.31-fold
increase in Cmax and 1.59-fold increase in AUCo-
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(Table 2). Key pharmacokinetic parameters of 4-
OH-nebivolol were also influenced by this enzymatic
inhibitor as a 1.41-fold and 1.44-fold increase in
Cmax and AUCy., were observed when nebivolol was
administered in combination with the antidepressant
in comparison with the beta-blocker administered as
monotherapy (Table 3). No significant changes
were reported for the other parameters, respectively
tmax, Kel and t,.These results demonstrated that an
increased exposure to nebivolol and its active
metabolite was observed after fluvoxamine
concomitant intake, which provided evidence that a
metabolic drug-drug interaction was present between
the two drugs.

In comparison to other antidepressants, also
known as CYP2D6 inhibitors, the present research
revealed that the effect of fluvoxamine on the
pharmacokinetics of nebivolol was smaller. Potent
inhibitors of the same metabolic pathway, like
fluoxetine (12), paroxetine (22) and bupropion (29)
had a marked influence wupon nebivolol
pharmacokinetics and were responsible for an
approximately 6-fold to 7-fold increase in AUCq.c.
The association of the beta-blocker with bupropion
and paroxetine also revealed a 4-fold and 5.7-fold
increased exposure to 4-OH-nebivolol, the active
hydroxylated metabolite (22,29). On the other hand,
pretreatment with duloxetine, a moderate CYP2D6
enzymatic inhibitor, had an impact on nebivolol
pharmacokinetics, similar with the one attributed to
fluvoxamine in this study. More precisely, in a
clinical study that included healthy volunteers,
duloxetine was responsible for a 1.19-fold and 1.42-
fold increase in the AUCo.» values of nebivolol and
its hydroxylated active metabolite (30), which
suggests a similar inhibition potency of isoenzyme
CYP2D6 for duloxetine and fluvoxamine. After
evaluating the magnitude of all the aforementioned
metabolism-mediated pharmacokinetic interactions
involving nebivolol and antidepressants,
fluvoxamine had a much smaller influence upon
nebivolol pharmacokinetics compared to other
antidepressants like bupropion, paroxetine or
fluoxetine. Until now, very few studies have
investigated  the  potential  pharmacokinetic
interaction between fluvoxamine and CYP2D6
substrates, all of which have revealed that this
enzymatic inhibitor produced only small changes in
the pharmacokinetics of desipramine,
dextrometorphan or risperidone (31-33). The present
study results also confirmed this hypothesis that only
a modest impact on nebivolol exposure can be
noticed after its association with fluvoxamine.

The bioequivalence evaluation of nebivolol and
its hydroxylated metabolite between the two study
periods revealed that the 90 % CI for the main
pharmacokinetic parameters (Cmax, AUCo., AUC0.0)
were not in the acceptable limit range of
bioequivalence (0.8-1.25), thus hinting that the
pharmacokinetic interaction may have clinical
significance (Table 4). Pharmacological aspects
should also be taken into account when evaluating
the results of the present research. Considering that
inflammation is involved in the pathogenesis of
depression, as well as of cardiovascular disorders
(34) and that this process can influence metabolizing
enzymes, transporters, receptors and plasma proteins
as a result of gene expression alterations (35), it can
be presumed that response to pharmacotherapy may
be altered in such a context. Pharmacological studies
demonstrated that inflammation is associated with a
reduced clearance of highly protein-bound and
extensively  metabolized drugs. Nonetheless,
although increased plasma concentrations of
propranolol were found using an animal model of
inflammation, the beta-blocker displayed a
decreased effectiveness that was finally attributed to
reduced expression of B1 receptor proteins (35,36).
However, nebivolol is a unique representative
among the beta-blockers and unlike propranolol,
both its action and disposition were unaffected by
inflammation despite the reduced Pl-adrenoceptor
levels (37). For this reason, the therapeutic response
to nebivolol might not be influenced by the presence
of inflammatory conditions like the ones depicted in
the present study, but a more comprehensive
investigation should be contemplated.

In order to obtain information concerning the
clinical relevance of this pharmacokinetic interaction,
a pharmacodynamic analysis which involved
measurements of vital signs (SBP, DBP and HR) at
rest was performed after nebivolol intake, in the
presence and absence of fluvoxamine. The purpose
of this assessment was to underline any potentiated
effects induced by nebivolol and its active
metabolite after their increased exposure as a result
of the pharmacokinetic drug interaction. The 48-
hour time course of the antihypertensive effect
induced by nebivolol revealed a similar profile
irrespective of the coadministration of the enzymatic
inhibitor. Likewise, the decrease in HR produced by
the beta-blocker was also comparable (Figure 3).
Hence, the graphical representation of the effect
exerted by nebivolol upon SBP, DBP and HR during
the two study periods (Test vs Reference) suggested
that the combination of nebivolol and fluvoxamine
did not enhance the BP- and HR-lowering effects of
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the beta-blocker. Also, no statistically significant
differences were found between the mean
pharmacodynamic parameters measured during
Reference and Test period. Therefore, even if the
present study demonstrated that fluvoxamine had an
effect upon nebivolol pharmacokinetics, the
pharmacodynamic evaluation suggests that this
interaction may not have clinical consequences. A
similar outcome was obtained in previous studies.
Several clinical trials investigated not only whether a
drug interaction does exist between enzymatic
inhibitors like cimetidine, duloxetine, paroxetine or
bupropion and nebivolol, but also whether clinical
consequences are associated with these potential
drug interactions. Although it was revealed that the
aforementioned drugs determined an increased
exposure to nebivolol, these drug combinations did
not lead to greater reductions of the
pharmacodynamic parameters (BP and HR)
measured at rest or during exercise (22,23,29,30).
Additionally, no published case reports that describe
side effects induced by nebivolol when
coadministered with fluvoxamine were found in the
medical literature.

An important aspect that has to be considered
when analyzing the pharmacodynamic outcome is
that the present research comprised healthy
volunteers and not hypertensive patients. These
healthy volunteers received a single-dose of
nebivolol, which is different from the repeated
administration regimen usually encountered in
clinical practice. But, even if the study included only
information related to nebivolol given as a single-
dose, the scientific literature offers strong evidence
regarding its ability in influencing hemodynamic
parameters such as BP and HR not only in
hypertensive patients, but in healthy subjects as well.
For example, a double-blind, placebo-controlled,
crossover study that included male hypertensive
patients revealed that, according to a 24-h post-dose
evaluation of BP and HR measured at rest and
during submaximal exercise, nebivolol (5 mg and 10
mg, once-daily), was indeed capable of reducing
these parameters (38). Moreover, nebivolol (5 mg,
once-daily) displayed a gradual onset of its BP-
lowering effects in patients with uncomplicated mild
to moderate primary hypertension and it was also
noted that a reduction in SBP was detected 5-6 h
after the initial dose (39). A similar situation was
encountered in studies in which this beta-blocker
was administered in healthy subjects. According to
Van Bortel et al, the beta-blocking effects of
nebivolol were considered to be smaller after oral
intake of a single dose (5 mg) compared to the

effects exerted after a 7-day course of therapy (40).
Therefore, although with a lower potency, single-
dose nebivolol proved to be effective in reducing BP
and HR in healthy subjects. In addition, a
randomized,  double-blind,  placebo-controlled,
crossover trial that investigated the beta-blocking
effects of nebivolol, carvedilol and bisoprolol
demonstrated that these agents were able to reduce
SBP and HR at rest and during exercise at 3 and 24-
h following intake in healthy volunteers (41).

Thus, the present results can be viewed as useful
preliminary clinical data. However, some important
aspects regarding the pharmacodynamic effects of
nebivolol have to be acknowledged if a conclusive
decision regarding the absence or presence of any
clinical consequences associated with this drug
combination is to be made. For example, nebivolol
has a maximal antihypertensive effect after 2 to 8
weeks of therapy (42). As for the heart rate,
pronounced reductions were also evident only after
weeks of continued therapy with this beta-blocker
(43). Nonetheless, in comparison to atenolol,
nebivolol was associated with a less marked
bradycardic effect during the first 4 weeks of
treatment in hypertensive patients. It was speculated
that this characteristic can be attributed to the fact
that the vasodilator effect that accompanies the beta-
blocking action can attenuate the vagal tone (44). In
addition, when investigating clinical aspects it is also
important to analyze any data regarding the dose-
effect relationship of a certain drug. In the case of
nebivolol, according to a review that evaluated the
BP lowering efficacy of beta-1 selective beta-
blockers for primary hypertension, doses in the
range of 1 to 40 mg daily significantly reduced SBP
and DBP in a total of 3209 hypertensive patients (12
randomized controlled trials). It was also stated that
the maximum antihypertensive effect was seen at 5
mg/day and no dose-related effect was observed at
doses > 5 mg/day. These higher doses did not
provide any additional BP lowering effects. The
same source estimated that the BP lowering efficacy
of this beta-blocker is -8/-6 mmHg (45). Therefore,
in order to simulate the therapeutic effect of
nebivolol, the dose chosen to be administered
throughout the study was 5 mg/day. In light of all
the aspects mentioned above, it should be noted that
the extrapolation of the current results to
hypertensive patients receiving a dosing regimen of
repeated nebivolol and fluvoxamine administration
can be viewed as debatable as it remains unknown
whether the interaction might become clinically
relevant when multiple-dose nebivolol is combined
with multiple-dose fluvoxamine. A small amount of
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data can be found in the scientific literature
regarding the correlation between plasma levels and
clinical response to nebivolol, but according to
Lindamood et al, clinically safe and well-tolerated
levels of nebivolol alone were previously observed
in PMs with a pharmacokinetic profile which
included the following mean parameters: AUCj.
614 ng*h/mL and Cnax 9.2 ng/mL (12). In
comparison to these values, the peak plasma levels
and the AUCy., value obtained after nebivolol was
administered with fluvoxamine were notably lower,
which could explain the difficulty in revealing any
clinical significance in the present research.

Therefore, for a definite conclusion, additional
studies that include hypertensive patients and a
repeated dosage regimen for nebivolol should be
considered. When initiating further enquiries
regarding the present pharmacokinetic interaction,
another aspect that should be taken into account is
the dosage regimen for fluvoxamine as one study
revealed that a dose of 150 mg/day produced a
significant inhibition of CYP2D6 activity, which
further supports the hypothesis that higher doses of
this antidepressant could be responsible for relevant
drug interactions (46).

Limitations

A major study limitation refers to the lack of any
data regarding genotyping. Although a genotype
analysis was not performed, the possibility of
including subjects with a PM status was taken into
consideration and addressed by conducting a
phenotype analysis that included the investigation of
the AUC metabolic ratio (nebivolol/4-OH-nebivolol)
for each volunteer. Nonetheless, we acknowledge as
another important limit of this research the fact that
the phenotyping method adopted was not a validated
one as adequate probe drugs such as debrisoquine,
sparteine, metoprolol or dextromethorphan (47) were
not used. However, considering that nebivolol is
primarily metabolized by CYP2D6 (9), the analysis
of AUC metabolic ratios (nebivolol/4-OH-nebivolol)
was useful in distinguishing two different groups
that were labeled as EMs and PMs .

Additionally, the lack of emphasis on the
stereochemistry of nebivolol, as well as the absence
of randomization could also be considered as flaws
of the present research. An important question that
can be raised is whether the pharmacokinetic
changes suffered by a certain enantiomer of
nebivolol after pretreatment with fluvoxamine could
explain the clinical data obtained in the present
research. This aspect should be contemplated as the
enantiomers  of  nebivolol  have  different

pharmacologic properties (6). However, a previous
study that investigated the effects of cimetidine on
the pharmacokinetics and pharmacodynamics of
nebivolol in healthy volunteers reported that the
pharmacokinetic parameters of both enantiomers
plus their hydroxylated metabolites showed very
similar variations when comparing nebivolol +
placebo versus nebivolol + cimetidine. Thus, it was
proved that a pharmacokinetic interaction between
cimetidine and nebivolol does exist, but the
enzymatic inhibitor did not have a greater impact on
the pharmacokinetics of a certain enantiomer when
compared with the other. The same study revealed
no statistically significant effects of this drug
combination on the resting vital signs and exercise
data (23).

With regard to the pharmacodynamic analysis,
the assessment of vital signs (BP and HR), in the
absence/presence of drug interaction, only at rest,
can be viewed as a study limitation. Taking into
consideration that adrenergic activity is increased
during exercise, we may assume that the impact of
increased exposure of nebivolol upon BP and HR
could be more visible when evaluated during
exercise.

CONCLUSIONS

The experimental data proved that multiple-dose
fluvoxamine influenced the pharmacokinetics of
nebivolol and its active hydroxylated metabolite.
This interaction had no significant consequences
upon nebivolol pharmacodynamics, but, before
drawing a definite conclusion  regarding the
potential clinical implications of  this
pharmacokinetic drug interaction, further
investigations are required.
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