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ABSTRACT

Nebivolol is a beta-1 receptor blocker used to treat hypertension, heart failure, erectile dysfunc-
tion, vascular disease, and diabetes mellitus. This review investigated the data regarding pharma-
cokinetic (PK) parameters, drug-drug interactions, dextrorotatory (D), and levorotatory (L)
stereoisomers of nebivolol. The articles related to the PK of nebivolol were retrieved by searching
the five databases; Google Scholar, PubMed, Cochrane Library, ScienceDirect, and EBSCO. A total
of 20 studies comprising plasma concentration-time profile data following the nebivolol’s oral
and intravenous (IV) administration were included. The area under the concentration-time curve
from zero to infinity (AUCqy.,) was 15 times greater in poor metabolizers (PMs) than in extensive
metabolizers (EMs). In hypertensive patients, L-nebivolol expressed a higher maximum plasma
concentration (Cya) than D-nebivolol, i.e. 2.5ng/ml vs 1.2ng/ml. The AUC, ., of nebivolol was
3-fold greater in chronic kidney disease (CKD). The clearance (CL) was increased in obese than in
controls from 51.6+11.6 L/h to 71.6 £17.4L/h when 0.5 mg/ml IV solution was infused. Nebivolol
showed higher C,.,, AUCy., and half-life (t;,) when co-administered with bupropion, duloxe-
tine, fluvoxamine, paroxetine, lansoprazole, and fluoxetine. This concise review of nebivolol
would be advantageous in assessing all PK parameters, which may be crucial for clinicians to
avoid drug-drug interactions, prevent adverse drug events and optimize the dosage regimen in
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diseased patients diagnosed with hypertension and cardiovascular disorders.

1. Introduction

Nebivolol is a third-generation, long-acting, cardio-
selective Bq-adrenoreceptor antagonist, approved by
the United States Food and Drug Administration (FDA)
in December 2007 for the treatment of hypertension
(Wojciechowski and Papademetriou 2008; Fongemie
and Felix-Getzik 2015). It is effective in diabetes melli-
tus, erectile dysfunction, vascular disease, and angina
pectoris, along with its off-label use in heart failure
(Cheng 2009; Priyadarshni and Curry 2022). Nebivolol is
highly selective for the ; receptor blockade, promoting
vasodilation through endothelium-dependent nitric
oxide (NO) stimulation (Toblli et al. 2012). Nebivolol dif-
fers from other B-blockers due to its unusual vasodila-
tory activity by L-arginine-NO pathway (Gray and
Ndefo 2008). Nebivolol is a racemate of dextrorotatory
(D) and levorotatory (L) enantiomers, among which D-

nebivolol involves in [;-receptor blocking activity,
whereas L-nebivolol exhibits vasodilator properties
(Marketou et al. 2017). It is mainly administered through
the extravascular route (Priyadarshni and Curry 2022).
Nebivolol is a Biopharmaceutics Classification System
(BCS) class Il drug having low solubility and high per-
meability (Baratam et al. 2016). It is absorbed quickly
with the absolute oral bioavailability (F) of 12% and
96% in extensive (EMs) and poor metabolizers (PMs),
respectively (Marques et al. 2022). The protein binding
of nebivolol is 98%, mainly with albumin, and its peak
plasma concentration is achieved after 1.5-4h (Sahana
et al. 2011; Fongemie and Felix-Getzik 2015). Its average
volume of distribution (Vy) is 10 L/kg (Kumar Saini et al.
2018), and its terminal half-life (t;,,) is 31.9h in PMs and
10.3 h in EMs (Mangrella et al. 1998). It is metabolized
by Cytochrome P450 (CYP) 2D6 and CYP3A4 in the liver
following the N-dealkylation, hydroxylation, oxidation,

CONTACT Muhammad Fawad Rasool @ fawadrasool@bzu.edu.pk @ Department of Pharmacy Practice, Faculty of Pharmacy, Bahauddin Zakariya

University, 60800, Multan, Pakistan

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/03602532.2023.2271195.

© 2023 Informa UK Limited, trading as Taylor & Francis Group


http://crossmark.crossref.org/dialog/?doi=10.1080/03602532.2023.2271195&domain=pdf&date_stamp=2023-10-16
http://orcid.org/0000-0002-8607-8583
https://doi.org/10.1080/03602532.2023.2271195
http://www.tandfonline.com

2 N. HANIF ET AL.

and glucuronidation (Sule and Frishman 2006). The
elimination of nebivolol follows specific metabolic
routes, such as urinary and biliary, with a clearance (CL/
F) of 16.3-657.4L/h for EMs and PMs (Sule and
Frishman 2006).

Nebivolol is monoisotopic with a chemical formula
of Cy,H,sF,NO,4, and its water solubility is 0.091 g/
100 ml (Nebivolol hydrochloride 2023). It is a highly
lipophilic drug having an octanol/water distribution
coefficient (log P) of 4.03 at the negative log of hydro-
gen ion concentration (pH) of 11.8 (McNeely and Goa
1999). The basic dissociation constant (pKa) of nebivolol
is 8.22 (Nebivolol hydrochloride 2023).

Nebivolol belongs to the pregnancy category C
drug (no human data on safety or toxicity in preg-
nancy) (Sullo et al. 2015). It can cross the blood-brain
barrier (BBB), due to which the central nervous system
(CNS) side effects (depression, insomnia, and night-
mare) arise (Nasima Olawi et al. 2019). Nebivolol has a
greater affinity for B, receptors in chronic obstructive
pulmonary disease (COPD) and asthma patients result-
ing in better tolerance (Miinzel and Gori 2009). The
commonly reported adverse effects of nebivolol are
headache, fatigue, dizziness, rhinitis, insomnia, asthe-
nia, hyperuricemia, paresthesias, and weakness
(Priyadarshni and Curry 2022). The contraindications of
nebivolol include patients with severe bradycardia,
higher than 1°-degree AV nodal block, decompen-
sated heart failure, cardiogenic shock, severe hepatic
disease, and sick sinus syndrome (Munzel and Gori
2009; Priyadarshni and Curry 2022). The drugs that
induce or inhibit the CYP2D6 enzyme affect nebivolol’s
pharmacokinetics (PK) (Cheng 2009). In severe renal
disease, dose reduction may require because of the
lower CL/F. There is a need to monitor the drug dos-
age due to the poor metabolism in moderate liver
impairment (Hilas and Ezzo 2009).

This systematic review intends to illustrate the thor-
ough details of nebivolol by using PK data from differ-
ent studies, which includes oral and IV routes in healthy
and diseased participants. It represents many aspects
concerning the clinical responses of nebivolol, drug-
drug interaction, drug-disease interaction, and the
effects of other physiologic parameters in PK model
development. However, a few review articles have
already been published, but their focus was on the
pharmacology of nebivolol (Marketou et al. 2017;
Seleme et al. 2021), and till now, no systematic review
provides PK data on nebivolol. Therefore, this study
aims to systematically collect, compile and inspect all
PK human data of nebivolol which may be favorable for
dose adjustments in special and diseased populations.

2. Materials and methods
2.1. Study protocol and method of screening

This systematic review was conducted utilizing the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement (Moher et al. 2009)
and the Cochrane Handbook Guidelines (Higgins et al.
2022). An extensive literature search was performed
from different databases (Google Scholar, PubMed,
EBSCO, Science Direct, and Cochrane Library) up to
August 29, 2022. All studies concentrating on the PK of
nebivolol were screened out. The search was carried
out with the help of selected keywords, medical subject
heading (MeSH) and indexing phrases. The search terms
used are specified in Figure 1.

2.3. Eligibility

Original research articles reported in English containing
PK parameters or plasma concentration-time graphs in
healthy and diseased human populations after oral and IV
administration were included. There were no restrictions
placed on the age, gender and year of publications.

2.4. Study selection

All articles from the database search were transferred
into the EndNote program, and the duplicates were
removed by selecting the ‘remove duplicate’ option.
The articles were then screened out based on titles,
abstracts, animal studies, inaccessibility, and full-text
analysis. Lastly, the pertinent studies meeting the
inclusion-exclusion criteria were selected for the
review. The details are specified in Supplementary
Table S1.

2.5. Data extraction

The relevant data extracted from the selected articles
contained the author's name, references, study size,
population, age, dose, dosage form, frequency, key
objective, and initial outcome. Moreover, the retrieving
data of the PK parameters was comprised of the max-
imum time to reach the maximum plasma concentra-
tion (Thax), Maximum plasma concentration (Cy,ay), the
area under the plasma concentration-time curve from
zero to infinity (AUCqy..), CL/F, and t,,,. The units of the
Cinax AUCo_ oo, Tmax, CL/F, and t;,, were converted to
the most frequent units for homogeneity, providing
consistent data for the comparisons of results. Two
independent assessors estimated the eligibility criteria
and the extraction of data.
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Figure 1. Method of screening.

2.6. Pharmacokinetic analysis

Non-compartmental analysis (NCA) was applied to find
the PK parameters from one study of nebivolol. The
parameters of each plasma concentration-time plot
were extracted through the Snipping Tool, the GetData
Graph Digitizer, and the add-in program of Microsoft
Excel, i.e. PK-solver.

2.7. Quality and risk assessment

The quality of all the relevant articles was assessed by
using the Jadad scoring (Rubin et al. 2009), the

Critical Appraisal Scale Programme (CASP) (Long et al.
2020), and the  critical Appraisal Clinical
Pharmacokinetic (CACPK) tool (Soliman et al. 2022).
Jadad scoring was a 5-point scale in which > 4 scores
showed high quality, 3-4 demonstrated moderate
quality, and < 3 indicated low quality. The CASP tool
had 11 questions in which articles scored > 6, 4-6,
and < 4 depicted high, moderate, and low quality,
respectively (Long et al. 2020). The CACPK tool con-
sisted of 21 questions, and the high, moderate, and
low-quality studies scored > 16, between 12 and 13,
and < 11, respectively.
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Moreover, the risk of bias assessment was carried
out using the Cochrane Collaboration Tool (CCT)
(Higgins et al. 2011), which included a low, unclear, or
high risk of bias for each question. In this tool, articles
scored > 4 showed low risk (LR), 3-4 scoring articles
were at moderate risk, and studies with a < 3 score dis-
played high risk (HR). The details of these tools are illus-
trated in Supplementary Tables S2, S3, S4, and S5,
respectively.

3. Results
3.1. Findings of database search

The primary screening process from different databases
resulted in 780 articles, and then 144 duplicates were
removed. Out of 636 articles, 20 were incorporated in this
systematic review. The details of the inclusion and exclu-
sion criteria are mentioned in the flow chart in Figure 2.

3.2. Characteristics of relevant studies

The study characteristics of all the relevant articles are
the author's name, study size, population, age, dose,
dosage form, frequency, key objective, and initial out-
come, which are discussed in Table 1.

3.3. Results of quality assessment and risk of bias

A total of 20 related studies were evaluated by Jadad
scoring, CASP tool, CACPK tool, and CCT to check the
quality and biases. According to the Jadad scoring, only
01 study was of moderate quality, and all others
showed low quality. In the CASP tool scoring, all articles
were high quality because they scored > 6. According
to the CACPK tool, 5, 13, and 2 studies revealed high,
moderate, and low quality, respectively. In the results of
CCT, 9 were low, 9 were moderate, and 2 were at high
risk. The results of all these critical appraisal tools are
specified in the supplementary Tables S2, S3, S4, and
S5, respectively.

3.4. Healthy population

3.4.1. Oral studies of nebivolol in healthy subjects

Out of 20 studies, six were reported in a healthy popu-
lation. In one clinical study, the AUC, . was recorded
to be 27.2+3.4ng. h/ml and 29.4+3.8ng. h/ml for
nebivolol’s reference and test products, respectively
(Selvan et al. 2007). One of the studies reported a Cpax
of 5.24+0.48ng/ml in PMs, whereas 1.66+0.86 ng/ml
in EMs after administering 5mg nebivolol (Briciu et al.
2015). The Tnax in the bioequivalent test and reference

formulations of nebivolol was depicted as 1.47+0.71h
and 1.36+0.84h correspondingly (Vespasiano et al.
2017). The Cax for the four genotypes of CYP2D6*10
were found to be 3.01+1.73ng/ml, 2.09+0.99 ng/ml,
2.68+1.23ng/ml, and 2.63+1.49ng/ml, respectively
(Luo et al. 2015). The CL/F was 28% lower in the
CYP2D6*1/*10 heterozygote, and 44% decreased in the
CYP2D6*10/*10 subjects, respectively (Guo et al. 2020).
The other reported PK parameters Tmax Crnaxe AUCo oo
CL/F, and t;,,, are mentioned in Table 2.

3.5. Diseased populations

3.5.1. Hypertensive patients

In one clinical study, the C,,,.x was 7.3 ng/ml and 9.1 ng/
ml for D-nebivolol + hydroxylated metabolites (HM). At
the same time, for L-nebivolol+HM, these were
13.1ng/ml and 19.0 ng/ml after 1°* dose and 4 weeks of
treatment correspondingly (Himmelmann et al. 1996).
When 5 mg dose was administered to the elderly hyper-
tensive patients, the AUC,_, was observed to be 5.4 ng.
h/ml and 10.1 ng. h/ml for D- and L- nebivolol, respect-
ively (Vieira et al. 2017). The CL/F was reported to be
13044L/h and 531.8L/h for D and L enantiomer,
respectively, after a 10 mg dose of treatment in hyper-
tensive patients (Table 3) (Neves et al. 2013).

3.5.2. Chronic kidney disease (CKD) and hemodialy-
sis patients

The AUCy., in the CKD patients was recorded as
7.30ng. h/ml and 9.94 ng. h/ml for D- and L-nebivolol,
respectively. Meanwhile, the AUC, ., was found to be
495ng. h/ml and 6.41ng. h/ml in the hemodialysis
treatment subjects, similar to the control subjects, such
as 4.15ng. h/ml and 6.83ng. h/ml, for D- and L- iso-
mers, respectively (Table 3) (Neves et al. 2016).

3.6. Intravenous (IV) infusion study of nebivolol

The IV infusion study reported the CL of 76.1L/h, 64.5L/
h, and 67.0L/h in the obese subjects in comparison
with the control subjects, i.e. 51.6L/h, 48.6L/h, and
48.4L/h for D-L-nebivolol, D-nebivolol, and L-nebivolol
respectively after administration of 0.5mg/ml IV dose
(Cheymol et al. 1997). The other PK parameters are
shown in Table 4.

3.7. Drug-drug interaction studies of nebivolol

One of the studies reported no significant effect of
ranitidine on the PK of nebivolol; however, the C,, .y
was increased from 1.48 +0.45ng/ml to 1.82+0.55ng/
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Figure 2. Flow chart of PRISMA.

ml when co-administered with cimetidine (Kamali et al.
1997). The AUCy_, was increased due to the combined
usage of nebivolol with cefixime and lansoprazole
(Bollam et al. 2013; Venkateswarlu et al. 2013). The C,,,.«
was increased from 1.78+1.17 ng/ml to 4.24+1.67 ng/
ml for nebivolol after the co-administration with mul-
tiple dose paroxetine (Briciu et al. 2014). The Tax Was
recorded to be 181+1.19h vs 1.72+1.00h for

nebivolol when it was taken with fluvoxamine (Gheldiu
et al. 2017). When nebivolol was given with bupropion,
the Cnax was reported to be 1.67+0.69ng/ml vs
3.80+1.70ng/ml (Gheldiu et al. 2016). There was a
remarkable decrease of 43-45% in the C,. at steady
state (Chmaxss) for the four analytes of nebivolol when
co-administered with valsartan (Chen et al. 2015). The
Cmax Of nebivolol after co-treatment with multiple
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8 N. HANIF ET AL.

Table 2. Oral studies of nebivolol in healthy subjects

Plasma pharmacokinetic Parameters a

Sr. Dose AUC(0-oc0)
No. References Administered drugs (mg) Tmax (h) Cmax (ng/ml) (ng. h/ml) CL/F (L/h) ty/2 (hr)
1 (Selvan et al. 2007)  Nebivolol: Ref. 5 21+£03 41403 272134 N/R 122+£3.0
Nebivolol: Test 1.9+0.3 46+0.3 294 +3.8 128+23
2 (Briciu et al. 2015)  PMs: Nebivolol 5 N/R 524+048°  139.22+20.80° N/R N/R
PMs: 4-OH-Nebivolol 0.43+0.06° 13.54+1.33°
EMs: Nebivolol 1.66 +0.86° 9.19+891°
EMs: 4-OH- Nebivolol 0.63+0.22° 9.34+7.98°
3 (Luo et al. 2015) Nebivolol & 10 1.0+03 3.01+1.73 19.10+12.31 781.2+562.7 12.38 +6.56°
CYP2D6*1/*10 genotype
Nebivolol & 1.6+13 2.09+0.99 1527 £12.34 900.4 +403.3 11.26 +3.60°
CYP2D6*1/*10 genotype
Nebivolol & 1.7+1.0 2.68+1.23 25.62+18.79 681.8+583.7 13.12+6.25¢
CYP2D6*10/*10 genotype
Nebivolol & CYP2D6*5 carriers 1.3+09 2.63+1.49 17.50+11.91 830.9+485.4 11.91+5.34¢
4 (Gheldiu A-M et al.  Nebivolol (M1) 5 0.84 2.25 11.01 454.00 5.60
2016) Nebivolol metabolite (M1) 1.96 0.72 11.73 42591 16.13
Nebivolol (M6) 0.97 2.23 10.49 476.19 3.39
Nebivolol metabolite (M6) 1.96 0.71 12.74 39243 18.84
5 (Vespasiano et al. Test: (Nebivolol + 54125 1.47+£0.71 4,08 +2.27 29.28 £49.02 N/R 13.26+7.18
2017) Hydrochlorothiazide)
Ref: (Nebivolol) 5 1.36 £0.84 3.92+1.70 23.69+£19.75 11.52+3.02
6 (Guo et al. 2020) Nebivolol & 5 0.86+0.18 1.56 £0.21 8.35+1.16 609.25 +85.99 13.09+4.81
CYP2D6*1/*1 genotype
Nebivolol & 1.04+0.32 1.93+0.39 12.54+3.90 43846+ 156.66 11.43+1.55
CYP2D6*1/*10 genotype
Nebivolol & 1.20+0.35 2.03+0.44 16.96 +6.14 33894+147.78 11.23+£2.61
CYP2D6*10/*10 genotype
Nebivolol & 0.89+0.19 3.15+0.80 13.17+£3.26 398.07+111.21 13.69+3.01

CYP2D6*5 carriers

Crmax: Maximum plasma concentration, Tpay: Time to reach the Cpax, AUC_): Area under the plasma concentration-time curve from zero to infinity, CL/
F: Oral Clearance, t;/,: half-life, Ref: Reference, N/R: Not reported, PMs: Poor metabolizers, EMs: Extensive metabolizers, 4-OH: Hydroxylated active metab-
olite, M1: Model 1, M6: Model 6, ®: Data is displayed as Mean + Standard Deviation, b. Median values, < Terminal half-life.

doses of duloxetine was found to be 1.78+1.17 ng/ml
vs 1.95+1.19 ng/ml (Briciu et al. 2014). The concomitant
administration of nebivolol with fluoxetine decreased
the CL/F from 787L/h to 143L/h, whereas the co-
administration of hydrochlorothiazide (HCTZ) and fur-
osemide did not alter the PK of nebivolol (Lindamood
et al. 2011). The remaining values are presented in
Table 5.

4, Discussion

This systematic review focused on collecting and
interpreting all the published articles on the PK of
nebivolol in healthy and diseased participants. Among
the 20 included studies, six studies were in the
healthy population, four were in the diseased (CKD,
hypertension), one was in the subjects having obesity,
and nine were related to drug-drug interactions. The
PK parameters (Trmay Cmaxw AUCo.o and ty,) were
almost the same between the reference and test
products after orally administered 5mg nebivolol,
suggesting that both types of products may be given
(Selvan et al. 2007).

Nebivolol is extensively metabolized by CYP2D6,
having two main phenotypes, i.e. EMs, which show the
regular activity of enzymes, and PMs, which are

considered autosomal recessive traits. There are also
two less-known phenotypes of CYP2D6: ultrarapid
metabolizers (UMs) and intermediate metabolizers
(IMs). The PMs show a prolonged biotransformation
rate and accumulate the substrates of specific drugs.
Nebivolol had three times higher C.ax in the PMs
because of the high exposure and the slow metabolism,
so a low dose of the drug is required to prevent the
side effects in the PMs (Briciu et al. 2015). The *10/*10
homozygotes were considered as IMs while the *1/*1
homozygotes, *1/*10 heterozygotes and the CYP2D6*1
carriers were EMs. Furthermore, these CYP2D6*10 gen-
otypes expressed no effect on the PK of nebivolol, not-
ably among EMs and IMs, due to the absence of a
gene-dose effect (Luo et al. 2015).

The CL/F was decreased notably in CYP2D6*10/*10
and CYP2D6*5 subjects, and this change in the PK of
nebivolol occurred due to the administration of dextro-
methorphan which was metabolized extensively
through CYP2D6 (Guo et al. 2020). The PK parameters
of the test and reference formulations of nebivolol
were almost the same as they were bioequivalent; how-
ever, the t,,, value of the test product increased for one
participant recommending that the drug metabolism is
influenced by any unknown external factor (Vespasiano
et al. 2017).
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10 N. HANIF ET AL.

Table 4. Intravenous infusion study of nebivolol

Plasma pharmacokinetic Parameters®

Sr. No.  Reference Administered drugs Dose (mg/ml) Tmax () Cax (ng/ml)  AUC (ng.h/ml)  CL (L/h) ty/2 (hr)

1 (Cheymol et al. 1997)  D-L-Nebivolol: Controls 0.5 IV solution N/R N/R 92.2 (22.4) 51.6 (11.6) 10.3 (2.4)
D-L-Nebivolol: Obese 69.2 (23.4) 716 (17.4) 10.0 (2.6)
D-Nebivolol: Controls (U) 47.8 (8.6) 48.6 (8.4) 9.7 (2.3)
D-Nebivolol: Controls (U + M) 123.3 (27.3) N/R 15.6 (4.7)
D-Nebivolol: Obese (U) 38.3 (13.1) 64.5 (14.9) 9.3 (2.1)
D-Nebivolol: Obese (U + M) 100.2 (38.9) N/R 13.9 (6.3)
L-Nebivolol: Controls (U) 48.0 (7.7) 48.4 (8.7) 12.1 (2.7)
L-Nebivolol: Controls (U + M) 147.4 (42.0) N/R 17.1 (7.9)
L-Nebivolol: Obese (U) 36.7 (11.9) 67.0 (14.5) 11.3 (3.0)
L-Nebivolol: Obese (U + M) 110.9 (28.7) N/R 15.9 (8.1)

Cinax: Maximum plasma concentration, T, Time to reach the Cy., AUC: Area under the plasma concentration-time curve, CL: Clearance, t;/,: Half-life, U:
Unchanged drug, U+ M: Unchanged drug + hydroxylated metabolites, N/R: Not reported, IV: Intravenous, % Values are expressed as Mean (Standard

Deviation).

In the hypertensive patients, C.x was doubled
from 1°" dose to the last dose after 4 weeks of treat-
ment for D- and L- isomers due to the prolonged
elimination t;,, suggesting that the dose must be
monitored in the elderly hypertensive patients
(Himmelmann et al. 1996).

The remarkable changes in the PK parameters were
observed in some studies, which may be due to the
stereoselective characteristics of nebivolol (Neves et al.
2013; Vieira et al. 2017). In CKD, AUC,., enhanced with
the disease progression as a result of the accumulation
of the uremic toxins, which reduced the activity of
CYP3A4, whereas, in the hemodialysis treatment, the
CYP3A4 action improved as those toxins were removed,
so it indicated the same AUCy.., values in comparison
with the healthy participants (Neves et al. 2016). The CL
values of nebivolol were raised markedly in obese sub-
jects due to the metabolism through conjugation or
oxidation, which may suggest dose monitoring
(Cheymol et al. 1997).

Drug-drug interactions (DDI) can cause interference
in achieving the goals of the treatment and sometimes
can be lethal. Ranitidine did not affect the PK of nebivo-
lol, but cimetidine inhibited the metabolism and urine
excretion of nebivolol; as a result, C,,x was enhanced.
It suggested that close monitoring may require when
nebivolol is administered in combination with cimeti-
dine (Kamali et al. 1997). The AUCy., values were
higher due to co-administration with cefixime and lan-
soprazole because they increased the exposure to nebi-
volol (Bollam et al. 2013; Venkateswarlu et al. 2013).
Paroxetine increased the C,,.x of nebivolol because the
former is the potent inhibitor of CYP2D6 (Briciu et al.
2014).

The frequent doses of fluvoxamine and duloxetine
affected the PK of nebivolol because they had the com-
parable capability to inhibit the CYP2D6, so low doses
for a short duration of action could be given to avoid
these interactions (Briciu et al. 2014; Gheldiu et al.

2017). The Cp.x of nebivolol was found to be increased
with the co-administration of bupropion, which may
suggest the monitoring of the dosing regimen (Gheldiu
et al. 2016). The C.xss Of nebivolol was decreased
when co-administered with valsartan, and this change
was associated with the slight dose response between
the drugs (Chen et al. 2015). No DDI of nebivolol with
HCTZ and furosemide was found, which indicated that
there might be no need for dose adjustment. When
nebivolol was taken concomitantly with fluoxetine (a
strong inhibitor of CYP2D6), different side effects such
as headache, nausea, faintness, vomiting, and diarrhea
were reported. It may suggest that the nebivolol dose
must be adjusted according to the requirement of
patients (Lindamood et al. 2011).

The strength of this study is that it reviews all the pub-
lished articles up to August 29, 2022. In this review, 20
studies were obtained from five different databases, due
to which chances of missing data were reduced, so the
accuracy and rationality of the results were increased.
Limitations of this review are that only one IV study is
available, there is a lack of data related to the effect of
CYP2D6 genotypes and no equal gender proportions, so
this could have influenced the results to a certain degree.

5. Conclusion

This review reveals all the human data of nebivolol
regarding its PK parameters, dosage form characteris-
tics, and drug-drug interactions in healthy and diseased
participants. The Chax Tmax and AUCq ., is greater in
poor metabolizers than in extensive metabolizers. The
CYP2D6 phenotypes do not affect the PK of nebivolol,
whereas the AUCy_, notably increases in CKD patients.
This comprehensive review compiles all the PK parame-
ters which could be helpful in the development of PK
models. Additionally, it will be convenient for practi-
tioners to predict the dose and eliminate the drug-drug
interactions in hypertension, cardiac failure, and renal
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impairment. Furthermore, it will be beneficial in the
amendment of future clinical trials.
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