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1. Introduction

Abstract

A highly selective f31-adrenergic receptor antagonist, nebivolol has a unique
pharmacologic profile from other medications in its class. Nebivolol causes nitric
oxide-mediated vasodilation in addition to cardioselectivity mediated by 131
receptor blockage by activating endothelial nitric oxide synthase via 3 agonism.
Contrary to other vasodilatory -blockers (carvedilol, labetalol), which work by
blocking -adrenergic receptors, this vasodilatory mechanism is unique. In the US
and Europe, nebivolol is authorized for the treatment of hypertension and heart
failure, respectively. Although -blockers are not advised as the first-line therapy
for the treatment of essential hypertension according to the most recent US
guidelines, with a relatively low risk of adverse effects, nebivolol has
demonstrated comparable efficacy to presently indicated medications in
decreasing peripheral blood pressure in persons with hypertension. Compared to
other -blockers, nebivolol also has favorable effects on central blood pressure.
Nebivolol may also be helpful for patients who have suffered erectile
dysfunction while taking other -blockers, according to clinical studies. Here, we
discuss nebivolol's pharmacological profile, the clinical evidence that supports
its use as a monotherapy, add-on therapy, and combination therapy for
hypertension, as well as the information pointing to its beneficial effects on heart
failure and endothelial dysfunction. There are some analytical methods for the
analysis of the drug in the biological fluids and pharmaceutical preparations. In
this work, we have collected these methods with the aim to present the different
options for the nebivolol determination.
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heart disease and heart failure (Gonzélez et al.
2015; WHO 2016)

Cardiovascular diseases (CVVDs) are one of the most
common and dangerous diseases which lead to
mortality over the world. CVDs are group of
diseases related to the heart and blood vessels, such
as hypertension, coronary artery disease, rheumatic

CVDs are the main cause of death worldwide.
According to statistics, 17.9 million deaths
worldwide in 2019 were attributable to CVDs, or
32% of all fatalities. Heart attack and stroke deaths
accounted for 85% of these fatalities. The majority
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of CVDs mortalities occur in low- and middle-
income nations (Nabel 2003).

Hypertension (HTN) and congestive heart failure
(CHF) are the most familiar types of CVDs. With a
prevalence of about 20% in the general population,
HTN is the most prevalent disease in industrialized
countries (WHO 2016) , while CHF is a serious
disorder with significant morbidity and mortality ,
with prevalence 1 to 2% of middle-aged and older
adults, 2 to 3% of patients over the age of 65, and 5
to 10% of patients over the age of 75 (Yamani and
Massie 1993).

The etiology of CVDs is complex and
multifactorial. There is a group of risk factors,
which plays an important role contributing to
increase of CVVDs. Among them, we can find factors
such as hyperlipidemia, obesity and diabetes
mellitus (WHO 2016)

When people are diagnosed with CVDs, they
may be treated in several different ways.
Controlling risk factors that can be managed (stop
smoking, make exercise, eat healthy food, weight
loss, and decrease cholesterol). Combinations of
two or more drugs that have different mechanism
will be next step (Arsenault and Despreés 2017).

Nebivolol (NEB) has the chemical name 1-(6-
fluorochroman-2-yl)-2-[(2-(6-fluorochroman-2-yl)-
2-hydroxy-ethyl] amino] ethanol (Figure 1). Its
molecular formula is CzHsFoNOs4, molecular
weight 405.435 g/mole, its pKa 8.9 and 13.52, log p
3.21 (Pubchem 2022) .

CH OH

F F
HCI

Figure 1: Chemical structure of Nebivolol HCI

Physical properties of NEB powder is a white
powder which is soluble in methanol, dimethyl
sulfoxide, N,N imethylformamide, sparingly soluble
in ethanol, propyl glycol, polyethylene glycol and
very slightly soluble in dichloromethane, hexane
and toluene (FDA 2022).
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NEB is approved for the treatment of hypertension
in the US, and for hypertension and heart failure in
Europe. While B-blockers are not recommended
within the current US guidelines as first-line
therapy for treatment of essential hypertension,
nebivolol has shown comparable efficacy to
currently recommended therapies in lowering
peripheral blood pressure in adults with
hypertension with a very low rate of side effects.
Nebivolol also has beneficial effects on central
blood pressure compared with other B-blockers
(Fongemie and Felix-Getzik 2015), as well as for
the treatment of stable mild or moderate CHF in
elderly patients older than 70 years old when
combined with other therapy (Moen and Wagstaff
2006).

NEB is a potent antihypertensive medication that is
well tolerated by hypertension patients. The
medication was usually successfully reduced the
composite endpoint of death and cardiovascular
hospital admission in older individuals with CHF.
For individuals with uncomplicated mild to severe
essential hypertension and elderly CHF patients,
nebivolol should be taken into consideration as an
alternate first-line therapeutic option (Olawi et al.
2019).

Several analytical methods have been reported for
determination of NEB either alone or in
combination  with  other  medication in
pharmaceutical preparation or biological fluids
cited below.

1. UV/VIS spectrophotometric and spectro-
fluorimetric methods:

Reported spectroscopic methods for determination
of NEB in pharmaceutical preparations are
summarized in Table 1

2. Chromatographic method

Reported  chromatographic ~ methods  high
performance thin layer chromatography (HPTLC),
High performance liquid chromatography (HPLC),
Ultra performance liquid chromatography (UPLC)
for the assay of NEB in its pharmaceuticals or
biological fluids are summarized in Table 2.
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Table 1: Reported UV/ VIS spectrophotometric and spectrofluorimetric for determination of NEB in

pharmaceutical preparation.

1- UV/ VIS spectrophotometric methods

Matrix Reagent A max Ref.
NEB & valsartan (VAL) Ratio Difference 240nm and 255nm | (Meselhy et al. 2020)
First Derivative ratio (DD*) 295 nm
Mean Centering of ratio spectra 291 nm

Bivariate 270 and 285 nm
H-point 280 nm and 285nm

NEB Direct UV 282 nm (Kamila et al. 2007)

1,2-naphtha quinone-4-sulphonate in at 460 (Dadi, Neeharika,
alkaline media and Rambabu 2013)

cobalt thiocyanate 630 nm
Second derivative 296 nm (Malipatil et al. 2011)
Third derivative 290 nm
NEB & Hydrocholothiazide | principal component regression (PCR) 231-310 nm (Gowda et al. 2009)
(HC2) and partial least squares (PLS)
first derivative (D?) 294.6 nm (Shah et al. 2019)
NEB & beta- blockers principal component regression and 290-350 nm (Abdel Hameed,
partial least squares Abdel Salam, and
Hadad 2015)
2- Spectrofluorimetric methods
NEB & amlodipine (AML) second derivative synchronous 282 nm (Ibrahim et al. 2015)
fluorimetry
NEB eosin'Y 545 nm (hex. 301.5 | (Derayea et al. 2016)
nm
NEB & VAL first derivative spectrofluorimetric 294 nm (Anumolu et al. 2014)

method
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Table 1: Reported Liquid chromatographic methods for the determination of NEB in pharmaceutical

preparations and biological fluids

TLC
Matrix Stationary Phase Mobile phase Densitome Ref.
tric
Detection
NEB Silica gel 60 F254 Ethyl acetate: toluene: 282 nm (Patel, Suhagia, and Shah
TLC plates methanol: ammonium 2007)
hydroxide (1:6:2:0.1 v/viviv)
Toluene: methanol: 281 nm (Shirkhedkar, Bugdane,
triethylamine (3.8:1.2:0.2 and Surana 2010)
VIVIv)
NEB & HCZ Ethyl acetate: methanol: 280 nm (YANG et al. 2016)
acetic acid 6.5:1:0.5 (v/v)
1, 4-dioxane: toluene: 281 nm (Kumbhar et al. 2011)
triethylamine (5:3:0.1 v/v).
HPLC
Matrix Stationary Phase Mobile phase uv Ref.
Detection
NEB phenomenex Methanol: acetonitrile: 0.02 280 nm (Shah et al. 2008)
Gemini C-18 M potassium dihydrogen
phosphate (60:30:10, v/vlv;
pH 4.0
a Hypersil ODS Methanol: water (80:20 v/v) 282 nm (Sahoo et al. 2009)
C18
Lichrospher 100 C- | 50 mM KH;PO 4 buffer (pH 282 nm (Patel, Suhagia, and Shah
18 3.0 acetonitrile: (45:55 v/v) 2007)
a BDS Hypersil 0.1 % trifluoroacetic acid: 281 nm. | (Szabd et al. 2014)
C18 acetonitrile (60:40, v/v)
a Phenomenex Luna | Methanol: water: formic acid LC- (YANG et al. 2016)
Cis (70:30:0.1) MS/MS
NEB a Phenomenex Luna Acetonitrile: pH 3.5 280 nm (Kachhadia, Doshi, and
C8 phosphate buffer (35: 65, Joshi 2008)
v/IVv)
NEB &VAL HIQ sil Cis Methanol: water (80:20 v/v) 289 nm (Kokil and Bhatia 2009)

and 0.1 % 1-hexanesulfonic
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acid monohydrate sodium
salt
Inertsil ODS Cis Acetonitrile: methanol: 210nm (Nekkala et al. 2014)
pH4.0 0.02M Potassium
hydrogen phosphate buffer
(50:20:30 v/v)
NEB &HCZ C-18 Primesil Methanol: 0.05% ortho 281.0nm | (Ambhore J 2018)
phosphoric acid pH 2.5
(60:40v/v)
NEB & VAL An Inertsil C18 (Buffer pH 3.0: acetonitrile: 281 nm. | (Annadi, Shoheib, and
& AML methanol) (30:20:50 v/v %) Mohamed 2020)
NEB & AML Phenomenex Acetate buffer (pH: 4.5): 265 nm (ONal et al. 2021)
Kinetex C18 acetonitrile
column (Gradient elution)
UPLC
Matrix Stationary Phase Mobile phase uv Ref.
Detection
NEB & VAL& An Eclipse plus Phosphate buffer pH 3.0: 240 nm (Annadi, Shoheib, and
AML C18 column acetonitrile (55:45 viv %) Mohamed 2020)
NEB Ethylene Bridge Potassium di hydrogen 281 nm (Sujana et al. 2016)
Hybrid C18 (2.1 x phosphate (25%) and
50mm Acetonitrile (75%)
NEB BEH C18 10 mM ammonium acetate 222 nm (Prasad et al. 2016)
and acetonitrile (Gradient
elution)

3. Electrochemical method:

- Voltametric techniques using high-quality
graphene/nafion nanocomposite modified electrode
was developed for NEB assessment (Er, Celikkan,
and Erk 2016).Another voltametric methods using
cyclic and square wave voltammetry were used for
the determination of amlodipine and nebivolol
(Jadon 2017).

- Sadikovic and Mirela developed electrochemical
sensor utilizing carbon nanotubes decorated with
zirconium oxide nanoparticles was developed for

the determination of nebivolol at the potential of
+1.05 V (vs. Ag/AgCl) (Sadikovic 2017).
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