OPEN

Journal of Human Hypertension (2017) 31, 376—381

www.nature.com/jhh

REVIEW

Protective effects of nebivolol from oxidative stress to prevent
hypertension-related target organ damage

A Coats' and S Jain®

Hypertension is one of the leading risk factors for morbidity and mortality in patients with cardiovascular and cerebrovascular
diseases and renal impairment. It also leads to target organ damage (TOD), which worsens organ function and the patient’s clinical
status. Reactive oxygen species (ROS)-mediated oxidative stress may contribute significantly to TOD in patients with hypertension.
NO (nitric oxide) is a paracrine factor derived from endothelial cells that has been shown to alleviate ROS-mediated oxidative
damage. Nebivolol is a third-generation B-blocker with vasodilator activity, both actions contributing to decreased blood pressure
in hypertensive patients. Its vasodilatory function is mediated by the endothelial L-arginine NO pathway. Nebivolol increases the
bioavailability of NO in the vasculature. Its efficacy and safety profile is comparable to other commonly used antihypertensive
agents. In this article, we review the current literature to understand TOD secondary to oxidative stress in patients with
hypertension and the role of nebivolol in its prevention. A better understanding of the underlying mechanisms by which nebivolol
reduces ROS-mediated TOD will not only help in the development of targeted therapies but may also improve health outcomes in

hypertensive patients.
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INTRODUCTION

Target organ damage (TOD) is one of the most feared
consequences of uncontrolled hypertension. The presence of
TOD leads to an increase in cardiovascular mortality and
morbidity." Primarily the heart, kidney, brain and the vasculature
are affected by the damage that results from elevated blood
pressure. Established TOD may lead to coronary heart disease,
myocardial infarction, heart failure, ischaemic and haemorrhagic
stroke, and atherosclerotic changes (development of stenosis,
aneurysm) and renal failure.> According to The European Society
of Hypertension (ESH), evaluation of subclinical organ damage at
an early stage is crucial in determining cardiac risk in patients with
hypertension.®> Oxidative stress is one of the most important
mechanisms implicated in TOD in patients with hypertension.* It is
defined as an increase in vascular reactive oxygen species (ROS),
which in turn decreases the level of antioxidant activity in the
vasculature.* Nicotinamide adenine dinucleotide phosphate
oxidase, xanthine oxidase and uncoupled nitric oxide synthase
(NOS) are among the major sources of ROS in vascular disease and
hypertension.”> TOD, such as left ventricular hypertrophy, carotid
atheromatosis and renal impairment, is considered as an
intermediate stage in the continuum of vascular disease.® A study
including 1095 consecutive hypertensive subjects showed
a prevalence of TOD in 44.5% of the hypertensive population.’
Segura et al® reported the presence of at least one manifest
TOD in 61.3% of the hypertensive (n=5243) and 30.8% (n =308) of
the pre-hypertensive patients. Hence, the assessment and
management of TOD in hypertensive patients is important and
should be taken into account when planning clinical care which
may improve their cardiovascular prognosis.

Hypertensive patients with a known history of diabetes mellitus,
cardiovascular, cerebrovascular and/or renal disease are high risk
patients.> According to the ESH guidelines, target blood pressure
should be < 140/90 for low-moderate risk hypertensives and
< 130/80 mm Hg for high-risk patients> A decrease in blood
pressure by 20/10 mm Hg results in a decrease in mortality in
cerebrovascular, cardiovascular and chronic kidney disease
patients.”

Nebivolol is a third-generation B-blocker. A direct relationship
between oxidative stress and TOD via the NO pathway exists in
the patients with hypertension. Thus, nebivolol mediated increase
in bioavailability of NO in vasculature may provide added benefits
in reducing TOD in patients with hypertension. Therefore, we
intend to discuss the mechanism by which oxidative stress leads
to TOD and the role of nebivolol in preventing the same in this
review.

NEBIVOLOL: A CARDIO-SELECTIVE B-BLOCKER

It is recommended at a standard oral dose of 5mg for the
treatment of hypertension. It reaches its peak plasma level within
2h. In the elderly (>65 years) its starting dose has been
recommended as 2.5 mg per day. In poor CYP2D6 metabolizers,
its bioavailability is very high (96%); however, in extensive
metabolizers, it is about 12%; although no significant difference
has been found between the two profiles in terms of safety and
efﬁcacy.8 Several randomized, double-blind, placebo-controlled
clinical trials have assessed the efficacy and safety of nebivolol in
patients with hypertension.® The overall response rate (decrease in
sitting/supine diastolic blood pressure to <90mm Hg or a 10% or
10mm Hg fall in diastolic blood) to nebivolol therapy has been
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shown to be in the range of 58-81% after 4-52 weeks of
treatment.® In a clinical trial, the overall response rate, defined as
normalization of or >10% reduction in diastolic blood pressure,
was 65% in patients treated with nebivolol (5mg, daily) as
compared with 25% in placebo after 4 weeks of treatment.’
Nebivolol significantly reduced blood pressure as soon
as 15 days after the start of treatment.'® In a large study with
6356 mild hypertensive patients, nebivolol therapy for 6 months
resulted in significantly reduced blood pressure with similar
efficacy of nebivolol monotherapy and add-on therapy.'" Another
study that focused on the long-term efficacy of nebivolol
monotherapy found a significant reduction in blood pressure
after 6 months of treatment.'®

Nebivolol 5 mg once daily was well tolerated with no signs of
orthostatic hypotension® A meta-analysis of 12 clinical trials
revealed that significantly fewer patients treated with nebivolol
reported adverse events as compared with other antihypertensive
drugs (OR 0.59; P=0.007)."? However, nebivolol’s adverse effects
tended to be transient and of mild to moderate intensity.® The
most common adverse effects (reported by < 10% of patients) are
headache, dizziness, paraesthesia, dyspnoea, constipation, nausea,
diarrhoea, tiredness and oedema.? Notably, it has not shown any
adverse effect on glucose and lipid metabolism.'”® Based on
a self-administered questionnaire containing 47 questions regard-
ing common complaints, it was observed that nebivolol does not
impair quality of life in patients with hypertension as assessed by
the ISH (inventory to subjective health).” Additionally, nebivolol
has several benefits as compared with other -blockers, such as
improvement in sleep parameters and a lower incidence of
erectile dysfunction, possibly due to increased NO availability.'*'>
Nebivolol improves exercise capacity in patients with hyperten-
sion and heart failure to similar extent as other antihypertensive
drugs.'® Nebivolol also exhibits significant vasodilatory activity via
the t-arginine/NO pathway and increases its bioavailability in the
vasculature.'®

ROLE OF NEBIVOLOL IN REDUCING OXIDATIVE DAMAGE
Oxidative damage

A common feature of many conditions associated with vasocon-
striction is vascular oxidative stress. An imbalance between the
generation of ROS and the antioxidant defence systems causes
oxidative stress. The reactive species include superoxide (03),
hydroxyl radical (HO¢), hydrogen peroxide (H,0,), peroxynitrite
(ONOOQ"), nitrogen oxide (NOe¢) and hypochlorous acid (HOCI).
Oxidative stress promotes vascular smooth muscle cell prolifera-
tion, hypertrophy and collagen deposition, leading to thickening
of the vascular media and narrowing of the vascular lumen. In
addition, increased oxidative stress also damages the endothe-
lium, impairs endothelium-dependent vascular relaxation and
increases vascular contractile activity. Oxygen radicals may also
induce endothelial permeability, with extravasation of plasma
proteins and other macromolecules and recruitment of inflam-
matory proteins and cells. These could further impair endothelial
function and aggravate vascular damage.*

NO is recognized as a ubiquitous intercellular messenger
modulating crucial functions, including blood flow, platelet
aggregation and neuronal activity and has an important role in
the modulation of vascular tone. Endothelium-derived NO is a key
regulator of endothelial function.> The NO pathway is directly
implicated in the development and progression of several
diseases and is considered a promising target for developing
new clinical strategies against cardiovascular pathologies.® It is
generated by endothelial NOS (eNOS). Researchers have demon-
strated that the loss of NO is one of the earliest events that lead to
the onset and progression of oxidative stress particularly in
the vasculature. Decreased production or increased destruction of
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NO leads to endothelial dysfunction. Additionally, an increased
production and/or impaired inactivation of ROS renders
eNOS dysfunctional, which may also lead to reduced bioactivity
of NO. The resultant NO deficiency creates an environment that
is conducive to vascular disorders including hypertension.
Adrenergic vasoconstriction is a balance between a direct
vasoconstrictive effect on smooth muscle and an indirect
vasorelaxant action caused by a2- and (-adrenergic endothelial
receptor-triggered NO release. An increased oxidative stress
due to reduction of NO bioavailability shifts this equilibrium.
This shift results in enhanced vascular adrenergic responsiveness
which is observed in hypertension. Oxidative stress plays
a significant role in the development of hypertension, in part
by inactivation of NO in vivo.’ Substantial evidence from
animal and human studies exists to support the role of NO in
reducing oxidative stress and modulating blood pressure in
literature.

The role of nebivolol in reducing oxidative damage
Nebivolol has emerged as a preferred antihypertensive agent
due to its dual properties of B-blockade and vasodilation
(via NO pathway). It is a racemic mixture (1:1) of two enantiomers,
L-nebivolol and b-nebivolol. Both isomers provide vasodilating
effect, with the vasodialating effect being more marked for
L-nebivolol while the p-isomer provides practically all the
B-blocking activity. Apart from its B-adrenoreceptor blockade,
vasodilation through the NO pathway contributes significantly to
the reduction of blood pressure by nebivolol. Vasodilation
associated with nebivolol is due to its effects on the L-arginine/
NO pathway in the endothelium of blood vessels. Nebivolol
stimulates Bs-adrenergic receptors from endothelial cells which
results in the activation of eNOS and NO release. Release of NO via
the endothelium causes peripheral vasodilation, increased
myocardial compliance and inhibition of the inotropic effects
of excessive sympathetic stimulation. Indirectly, nebivolol
also reduces the NO degradation and increases the bioavailability
of NO." All those NO-mediated effects may be beneficial
leading to a reduced cardiac load, improved cardiac filling and
protection of the myocardium from excessive sympathetic
stimulation.'®

As compared with conventional B-blockers, nebivolol is
highly selective for cardiac B1-ARs and display the highest
B1/B2 selectivity compared with other {-blockers, with no
appreciable effect on o-receptors. It has shown a better
haemodynamic and safety profile along with additional
vascular protection as compared with conventional B-blockers.
In a meta-analysis of 12 clinical trials, it was found that patients
treated with nebivolol displayed a higher antihypertensive
response rate (OR 1.44; P=0.001) as compared with the
other antihypertensive drugs.'> Nebivolol significantly reduced
heart rate and peripheral resistance and increased stroke volume,
leading to a small increase in cardiac output as compared
with atenolol.'® Improvements in diastolic function also
highlighted its potential for use in the treatment of heart failure.
In a double-blind, randomized design, 20 healthy subjects and
20 matched essential hypertensive patients were treated
with atenolol or nebivolol.'” There was a greater reduction of
ROS concentration in endothelial cells exposed to oxidative stress
in endothelial cells of the patients receiving nebivolol compared
with the atenolol group. Furthermore, the reduction of basal and
stimulated NO induced by oxidative stress in endothelial cells
was significantly lower in the patients receiving nebivolol.
Thus, nebivolol displays significant antioxidant properties which
may help in reducing oxidative stress-mediated organ damage in
the patients with hypertension.
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OXIDATIVE DAMAGE TO CARDIOVASCULAR SYSTEM: A ROLE
FOR NEBIVOLOL

Oxidative damage to cardiovascular system

NO bioavailability plays an important role in the pathophysiology
of cardiovascular disease (CVD). A decrease in the NO level in
endothelial cells is associated with endothelial dysfunction and
hypertension. The association between endothelial dysfunction
and vascular diseases is well characterized. Cardiovascular
homoeostasis is regulated by NO produced by all three
NOS isoforms; neuronal NOS, eNOS and inducible NO synthase.
Several studies have demonstrated that NO produced by neuronal
NOS controls catecholamine’s release in response to electrical
adrenergic nerve stimulation, both in vivo and in vitro. In addition,
elevated levels of catecholamines are also associated with several
pathologic conditions such as heart failure. In the heart and
vessels, endothelial cells express eNOS, which is responsible for
the production of NO in response to stimulation of adrenergic and
muscarinic cholinergic receptors in cardiac myocytes. The effect
of acute and chronic B-adrenergic activation on endothelial
NO synthase activity, expression and uncoupling is depicted
in Figure 1. The main mechanism leading to increased eNOS
activity in endothelial cells is calcium-dependent, but phosphor-
ylation at several loci of the NOS proteins has also been
recognized as an additional pathway to induce both activation
and inhibition of eNOS activity. Many studies have demonstrated
that vascular endothelial cells also express B-adrenoceptors, thus
supporting the hypothesis that the endothelium might control or
facilitate B-adrenergic effects on the vessels. The inducible NO
synthase is involved in several aspects of cardiovascular biology
including the defense against intracellular microorganisms. The
activity of NOS contributes to the homoeostasis of the adrenergic
pathway, thus supporting the hypothesis that the endothelium
might control or facilitate B-adrenergic effects on the vessels
and the polymorphic variants in 33-receptors and NOS isoforms
could influence aging, few pathological conditions and
individual responses to drugs. This seems to be dependent,
almost in part, on differences in the control of vascular tone
exerted by NO. Given its involvement in such important
mechanisms, the NO pathway is implicated in the aging
process as well as in cardiovascular and non-cardiovascular
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Figure 1.

conditions. Thus, it is essential to pinpoint involvement of
NO in the regulation of vascular tone for effective management
of CVDs. Furthermore, oxidative stress due to endothelial
dysfunction has also been implicated in the development of
atherosclerosis in hypertensive patients, which is mediated by
nicot4ir51amide adenine dinucleotide phosphate oxidase-derived
ROS.™

The role of nebivolol in reducing oxidative damage to the
cardiovascular system

Although several third-generation B-blockers have demonstrated
vasodilating properties, only nebivolol has shown to mediate
a vasodilatory effect via NO release, providing a unique dual
mechanism of action, which clearly differentiates it from other
B-blockers such as atenolol or carvedilol. NO release plays an
important role in endothelial protection and may provide benefits
beyond blood pressure reduction in a variety of cardiovascular
conditions.'? The favourable haemodynamic profile of nebivolol,
including the lowering of blood pressure, is partially due to
NO release from endothelial cells.'”® In addition, due to its
antioxidant activity, nebivolol prevents the detrimental effect on
NO bioavailability associated with oxidative stress.> Stimulation
of endothelial p-adrenoreceptors improves eNOS-derived
NO production. Nebivolol has a distinctive profile among
-blockers, with the greatest selectivity for cardiac 31-ARs and
the highest B1/B2 selectivity as compared with other B-blockers.”
Additionally, nebivolol enhances NO release and may promote
neo-angiogenesis in cardiac tissue via stimulation of B3-ARs.’
Hence, it reduces heart rate and blood pressure and improves
systolic and diastolic function.® It has been demonstrated that
permanent B-ARs stimulation, typically observed during CVD,
could induce an overexpression and activation of eNOS, which in
turn could lead to oxidative stress through superoxide anion
generation and paradoxically a consequent decrease of
NO bioavailability.”> Furthermore, in vitro NO-mediated platelet
aggregation and smooth muscle cell proliferation were observed
to be significantly increased by nebivolol, which may contribute to
the cardio-protective effects of nebivolol in myocardial
ischaemia.'?
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eNOS activity, expression and uncoupling in (@) normal conditions, (b) acute p-adrenergic activation and (c) chronic f-adrenergic

activation. eNOS, endothelial nitric oxide synthase; NO, nitric oxide; ROS, reactive oxygen species.'”
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Mechanisms connecting hypertension and renal nephropathy. ET-1, endothelin-1; GFR, glomerular filtration rate; NADPH,

nicotinamide adenine dinucleotide phosphate; NO, nitric oxide; RBF, renal blood flow; ROS, reactive oxygen species; TX A2, thromboxane A2.%

Numerous clinical studies highlight the role of NO in nebivolol’s
mechanism of action. The ENECA clinical trial reported
a significant increase in left ventricular ejection fraction in
nebivolol-treated elderly patients (>65 years) with chronic
heart failure as compared with placebo.'”” The SENIORS
study has also shown that over a mean period of 21 months,
significantly  fewer (HR=0.86, Cl 0.74-0.99; P=0.039)
elderly patients (>70 years) reached the primary end point of
all-cause mortality or cardiovascular hospital admission (time to
first event) as compared with placebo.?° It has been suggested
that nebivolol may reduce the risk of atherosclerotic plaque
rupture by decreasing the blood pressure on the arterial walls
and inhibiting thrombus formation after plaque rupture.'?
Furthermore, a sub-analysis of SENIORS trial data revealed
that nebivolol reduced cardiac ischaemic events in patients with
heart failure of ischaemic aetiology in 2128 elderly heart failure
patients of more than 70 years of age with coronary artery
disease.?’ Interestingly, the authors mentioned pharmacological
preconditioning as one of the underlying mechanisms for the
protective effects of nebivolol in heart failure patients with
coronary artery disease along with above-mentioned NO-
mediated effects, which translate into coronary vasodilation,
reduced platelet aggregation and possible induction of nitrate-
like preconditioning.

Nebivolol has also been shown to decrease QT dispersion
and corrected QT interval (QTc) and QT dispersion (QTcd),
which are indicative of myocardial repolarization and electrical
instability in heart failure patients with systolic dysfunction.”?
In a clinical trial conducted among 16 patients with stable angina
of effort, nebivolol increased ischaemic and angina thresholds for
at least 8h as compared with placebo.®> As compared with
atenolol, nebivolol has shown a significant increase in flow-

mediated dilatation in patients with stable coronary artery
disease.'®

Nebivolol improved small artery distensibility, which
is a measure of arterial compliance or stiffness, and is considered
to be an independent predictor of mortality in patients
with essential hypertension.' In addition, nebivolol also
decreases markers of arterial stiffness, including central aortic
pressures, augmentation index and carotid femoral pulse which
are superior indicators of CVD.>* Nebivolol may have an effect
on small resistance arteries, by increasing pulse pressure
amplification and reducing wave reflection owing to its property
to increase NO bioavailibility.?> Nebivolol induced a potent
vasodilation in the forearm, which was hampered by
NG-monomethyl L-arginine, a strong NO inhibitor.> Hence, the
antioxidative property of nebivolol makes it an attractive
therapeutic option for various other cardiovascular conditions
besides hypertension. In summary, nebivolol has been shown
to reduce blood pressure and heart rate, peripheral resistance,
left ventricular mass, reflected wave and central aortic
pulse pressures.”>?* It increases left ventricular ejection fraction
(i.e. improved systolic function), E/A ratio (improved diastolic
function) and stroke volume with the preservation of cardiac
output.”® It also improves coronary flow reserve, ventricular
function, diastolic  function and corrects endothelial
dysfunction.®

OXIDATIVE DAMAGE TO THE KIDNEY: A ROLE FOR NEBIVOLOL
Oxidative damage to kidney

Microalbuminuria and reduced glomerular filtration rate can be
found in the early stages of hypertension and result in chronic
renal failure in the long run.?® Renal impairment including renal
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arteriolar thickening, fibrinoid deposition and proteinuria is often
found in patients with hypertension. Chronic hypertension may
lead to nephroangiosclerosis. In addition, elevated blood pressure
has been considered as an independent risk factor for impaired
renal function and end-stage renal disease.?® Oxidative stress is
one of the major underlying mechanism for renal damage in
hypertensive patients as depicted in Figure 2.2

ROS are produced in arterioles, glomerular and tubular cells, the
macula densa and podocytes in the kidney. Moreover, vasoactive
agents, inflammation, mechanical factors (shear stress) and
metabolic factors also contribute to ROS production through
nicotinamide adenine dinucleotide phosphate or mitochondria,
which results in decreased NO bioavailability. ROS may also
increase afferent arteriolar tone and reactivity via potentiation of
tubuloglomerular feedback and microvascular mechanisms that
diminish endothelium-derived relaxation factor/NO responses.
This may generate a cyclooxygenase-2-dependent endothelial-
derived contracting factor that activates thromboxane-prostanoid
receptors, and enhances vascular smooth muscle cells reactivity.
ROS also reduce pO, in the kidney cortex which results in
decreased efficiency of the kidney to use O, for Na* transport
which may induce vascular damage and hypertension. It has
been found that uric acid also plays a role in hypertension
via stimulation of oxidative stress, endothelial dysfunction,
inflammation and vasoconstriction, and contribute to the
pathogenesis of hypertensive nephropathy.?” According to
ESH/ESC 2013 guidelines, all hypertensive patients should
undergo testing for microalbuminuria and an estimation of
glomerular filtration rate should be made.?

The role of nebivolol in reducing oxidative damage to the kidney
Nebivolol reduces kidney perfusion pressure, which resulted in
increased renal plasma flow and GFR in a dose dependent and
coherent manner in the experimental model.'® Increased GFR also
increases urine flow and excretion of sodium and chloride. Long-
term use of nebivolol reduces renal fibrosis in rats via
a mechanism independent of its B-blocking activity.'® Another
study reported a significant nephroprotective effect of nebivolol in
a rat model of renal failure as measured by increased albuminuria
and acetylcholine relaxation.”®

At recommended doses, nebivolol decreased plasma renin
(by 52%, P=0.001) and aldosterone levels (by 28% in 2 weeks) in
hypertensive and normotensive patients.?® Atrial natriuretic
peptide (a vasorelaxant) is also found to be elevated in plasma
by 60% in 2 weeks in patients with hypertension.?® In the SENIORS
trial, no major safety issue was found in elderly chronic heart
failure patients with moderate renal impairment (estimated
glomerular filtration rate < 60) using nebivolol.?° In a pilot study
of 33 patients with severe renal artery stenosis who underwent
revascularization, nebivolol (n=17) significantly increased esti-
mated glomerular filtration rate and decreased proteinuria as
compared with the control group.>® Nebivolol was also found to
be effective in nephrotoxicity induced by contrast media.>'
In patients pre-treated with nebivolol before coronary angiogra-
phy and ventriculography, it was found that nebivolol did
not increase serum creatinine. Taken together, these evidence
suggest that nebivolol may have a nephroprotective effect in
hypertensive patients, and helps in preventing renal damage due
to oxidative stress. The most recent ESC heart failure treatment
guidelines of 2016 stated that in older patients with heart failure,
nebivolol reduced the combined end point of death or
cardiovascular hospitalization with no significant interaction
between treatment effect and baseline left ventricular ejection
fraction.?
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OXIDATIVE DAMAGE TO THE BRAIN: A ROLE FOR NEBIVOLOL
Oxidative damage to brain

High blood pressure is one of the most important risk factor
for stroke. Small vessel disease, such as silent lacunar
infarcts, advanced deep white matter lesions and microbleeding,
may lead to ischaemic and haemorrhagic stroke and vascular
dementia in patients with hypertension.3®* In hypertensive
patients, magnetic resonance imaging revealed the presence
of silent cerebrovascular lesions in 44% of the patients, much
more than cardiac (21%) and renal (26%) subclinical damage.?
It has been suggested that microcirculation disorders and
endothelial dysfunction may be a reason for impaired cognitive
function in hypertensive patients.>* Hypoperfusion of the brain
due to arterial stiffness has been reported in hypertensive
patients.>> Hypertension-induced lipohyalinosis and fibrinoid
degeneration has also been found in white matter
hyperintensities.>*

Role of nebivolol in reducing oxidative damage to brain

Arterial hypertension may lead to brain damage.® Oxidative
stress, inflammation and abnormalities in blood—brain barrier have
been found to be underlying mechanisms for brain damage.®® In
addition, it has been reported that the brain has reduced
antioxidant defences.>® Antihypertensive drugs have been shown
to reduce the risk of stroke and other cerebrovascular disease and
the accompanying brain damage.?® Active antihypertensive
treatment significantly reduces vascular dementia in older
patients with isolated systolic hypertension.®*** As nebivolol
possesses significant antioxidant activity, its role in preventing
cerebrovascular damage owing to ROS and inflammation may be
postulated. In addition, nebivolol has also been shown to reduce
arterial stiffness, which is a leading cause of vascular damage in
the brain.® However, systematic in vivo and clinical studies are
required to investigate the role of nebivolol in preventing
oxidative stress and inflammation-mediated brain damage in
hypertensive patients.

CONCLUSION/PERSPECTIVE

Subclinical and clinical organ damage in the cardiovascular
(left ventricular hypertrophy, atrial fibrillation, heart failure,
coronary events, increased arterial stiffness and atherosclerotic
changes), renal (proteinuria and renal failure) and cerebrovascular
systems remain the major cause of death among patients with
hypertension. Hence, appropriate management of high blood
pressure is crucial to reduce mortality and morbidity in such
patients. The heterogeneous nature of the underlying mechan-
isms for hypertension and the availability of more than 75 drugs in
nine different pharmacologic groups add to the complexity in its
management. It is important to understand various genetic
(gender, ethnicity, race) factors, environmental factors, and the
role of the renal artery stenosis/adrenergic system, salt/water
retention, arterial stiffness, presence of TOD in the development of
effective drug therapy for hypertensive patients. Nebivolol is a
promising antihypertensive drug and demonstrates strong anti-
oxidative properties due to its NO-releasing capabilities. It has
shown considerable efficacy and safety in reducing blood pressure
and preventing organ damage, and its role as an effective disease
modifying agent in elderly heart failure patients irrespective of left
ventricular ejection fraction, making it an attractive option in the
treatment of high-risk hypertension. Its complete therapeutic
profile needs to be further evaluated including its protective
effects on TOD and death in large outcome-based clinical trials.
Additional randomized controlled trials comparing effects of
nebivolol with other commonly used antihypertensive drugs on
TOD and death are also warranted. Results from such clinical
studies will immensely help in designing therapeutic strategies for



the management of hypertension and in the prevention of
associated TOD and death in hypertensive patients.

What is known about topic?
* Hypertension leads to target organ damage (TOD) in cardiovascular,
renal, and cerebrovascular systems
* Reactive oxygen species (ROS) mediated oxidative stress significantly
contribute to TOD
* Nebivolol, a third generation B-blocker has significant anti-oxidative
activity through L-arginine/NO pathway

What this study adds?
® Evaluation of underlying mechanisms by which nebivolol reduces
ROS-mediated target organ damage
* Summary of available clinical evidence for anti-oxidative properties
of nebivolol
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