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Abstract
Objectives—Increased sympathetic outflow, renin–angiotensin system (RAS) activity, and
oxidative stress are critical mechanisms underlying the adverse cardiovascular effects of dietary
salt excess. Nebivolol is a third-generation, highly selective β1-receptor blocker with RAS-
reducing effects and additional antioxidant properties. This study evaluated the hypothesis that
nebivolol reduces salt-induced cardiac remodeling and dysfunction in spontaneous hypertensive
rats (SHRs) by suppressing cardiac RAS and oxidative stress.

Methods—Male SHRs (8 weeks of age) were given an 8% high salt diet (HSD; n = 22), whereas
their age-matched controls (n = 10) received standard chow. In a subgroup of HSD rats (n = 11),
nebivolol was given at a dose of 10 mg/kg per day by gastric gavage.

Results—After 5 weeks, HSD exacerbated hypertension as well as increased left-ventricular
weight and collagen deposition while impairing left-ventricular relaxation. Salt-induced cardiac
remodeling and dysfunction were associated with increased plasma renin concentration (PRC),
cardiac angiotensin II immunostaining, and angiotensin-converting enzyme (ACE)/ACE2 mRNA
and activity ratio. HSD also increased cardiac 3-nitrotyrosine staining indicating enhanced
oxidative stress. Nebivolol treatment did not alter the salt-induced increase in arterial pressure,
left-ventricular weight, and cardiac dysfunction but reduced PRC, cardiac angiotensin II
immunostaining, ACE/ACE2 ratio, oxidative stress, and fibrosis.
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Conclusions—Our data suggest that nebivolol, in a blood pressure-independent manner,
ameliorated cardiac oxidative stress and associated fibrosis in salt-loaded SHRs. The beneficial
effects of nebivolol may be attributed, at least in part, to the decreased ACE/ACE2 ratio and
consequent reduction of cardiac angiotensin II levels.
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INTRODUCTION
Hypertensive left-ventricular hypertrophy associated with myocardial fibrosis and ischemia
is one of the major risk factors underlying cardiovascular morbidity and mortality. A
growing body of evidence derived from epidemiological, interventional, and experimental
studies relates salt intake not only to blood pressure regulation but also to left-ventricular
remodeling and dysfunction [1-5]. Various mechanisms have been suggested to explain the
detrimental effects of dietary salt excess beyond its effect on hemodynamic load. Increased
sympathetic outflow and renin–angiotensin system (RAS) activity as well as decreased nitric
oxide bioavailability associated with increased oxidative stress have been increasingly
appreciated as critical mechanisms underlying the adverse cardiovascular effects of dietary
salt excess [6-10]. Therefore, nebivolol, a highly selective β1-adrenergic receptor blocker
with antioxidant and vasodilator/antiproliferative potential related to an increased nitric
oxide bioavailability [11], may be beneficial in the treatment of cardiovascular injury related
to dietary salt excess. We recently showed that nebivolol treatment, in a blood pressure-
independent manner, ameliorated renal injury and dysfunction caused by salt-induced renal
oxidative stress in spontaneously hypertensive rats (SHRs), a well characterized
experimental model of human essential hypertension [12]. Similarly, nebivolol improved
diastolic dysfunction and myocardial remodeling associated with insulin resistance in the
Zucker obese rats by reducing cardiac oxidative stress [13]. Although β1-adrenergic
receptor stimulation up-regulates angiotensin-converting enzyme (ACE) in isolated cardio-
myocyte as well as in the heart of normotensive rats [14,15], no data exist regarding the
effects of nebivolol on the cardiac RAS. Thus, to further investigate the potential beneficial
cardiac effects of nebivolol, we tested the hypothesis that nebivolol improves salt-induced
cardiac dysfunction and remodeling in SHRs by suppressing cardiac RAS and oxidative
stress.

METHODS
Animals

Eight week-old male SHRs (Charles River) were given 8% salt diet for 5 weeks (n = 22);
their age and sex-matched controls received standard chow (control; 1% salt; n = 10).
Animals from the salt-loaded group were randomized to receive nebivolol [high salt diet
(HSD) and Neb; n = 11; 10 mg/kg per day] or the vehicle (HSD; n = 11; gum gastric 5%
Arabica) by gavage. All rats were permitted free access to chow and tap water and were
maintained in a temperature and humidity-controlled room with a 12-h light/dark cycle. The
rats were handled in accordance with National Institute of Health guidelines; our
Institutional Animal Care and Use Committee approved the study in advance.

Cardiac function
At the end of study, the rats were anesthetized with pentobarbital sodium (50 mg/kg, i.p.),
and a catheter-tip transducer (2F; Millar Instruments, Houston, Texas, USA) was introduced
into the left ventricle (LV) via the right carotid artery [6]. The catheter was connected to a
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pressure unit (MPVS 300; Millar Instruments) and the signal was then fed to a data
acquisition system (Emka Technologies, Falls Church, Virginia, USA). Arterial pressure
[systolic (SAP), diastolic (DAP), and mean arterial pressure (MAP)] records were obtained
from a carotid artery before cardiac function measurements. Several indices of cardiac
function including maximal developed pressure (Pmax), end-diastolic pressure (Ped),
maximum rates of pressure rise +dP/dTmax, and time constant of isovolumic relaxation (tau;
a load-independent index of the active phase of early diastolic relaxation) were obtained
from ventricular pressure tracings. After the parameters of cardiac function were obtained
the rats were then euthanized by an overdose of intravenously (i.v.) administered
pentobarbital sodium, their hearts were quickly removed, and the ventricles were separated
and weighed.

Biochemical analysis
A separate groups of rats [control (n = 6), HSD (n = 7), and HSD and Neb (n = 7)] the
following same protocol were decapitated and trunk blood was collected for measurements
of plasma renin concentration (PRC) as well as plasma 8-isoprostane as a measure of
systemic oxidative stress. PRC was defined as the rate of Ang I generation from renin in the
sample incubated at pH 6.5 for 90 min with excess exogenous substrate provided from
nephrectomized rat plasma. Ang I generated in the sample was quantified by
radioimmunoassay (Diosarin Corp, Stillwater, Minnesota, USA). Plasma isoprostane was
determined by ELISA (Cayman Chemical).

Cardiac renin-angiotensin system, oxidative stress, and fibrosis
Hearts were fixed in 3% paraformaldehyde and a transverse section was used for
histological examination of fibrosis as well as immunostaining for oxidative stress and RAS
components. Fixed paraffin sections of the hearts were evaluated for 3-nitrotyrosine (3-NT)
immunostaining as a marker for oxidative stress (primary rabbit polyclonal antinitrotyrosine
antibody; 1: 200; Chemicon, Temecula, California, USA; ×400 original magnification) as
described previously [16]. Sections were also examined for angiotensin (Ang) II (primary
goat polyclonal antibody; 1: 100; Santa Cruz Biotechnology, Santa Cruz, California, USA),
Ang-(1–12) (primary rabbit polyclonal Ang (1–12); 1: 50; Ana-Spec, San Jose, California,
USA), and Ang II type 1 receptor (AT1) (primary rabbit polyclonal antibody; 1: 100; Santa
Cruz Biotechnology) immunostaining as described previously [17]. Appropriate fluorescent
secondary antibodies (Alexa fluor 647 donkey antigoat or antirabbit; 1: 400; Molecular
Probes, Eugene, Oregon, USA) were used for visualization. Slides were examined under a
biphoton confocal microscope (Zeiss LSM; 510 MLO, Thornwood, New York, USA) and
captured images (×400; four fields) were analyzed and quantified with MetaView software
(Boyce Scientific, Gary Summit, Missouri, USA). Fibrosis was evaluated on slides stained
with picrosirius red as described earlier [1,6,18]. Eight images (×400 original magnification)
per section were captured under bright light using Spot Advanced software 4.0.9 (Diagnostic
Instruments, Inc., Sterling Heights, Michigan, USA) connected to an Olympus BX60
microscope (Olympus America, Inc., Center Valley, Pennsylvania, USA). The color images
were converted to grayscale and analyzed by a blinded individual for interstitial collagen
using Adobe Photoshop CS2 (Adobe Systems, San Jose, California, USA) and the results
were expressed as percentages of the total area.

For cardiac ACE and ACE2 activity solubilized membranes were used as the source of
peptidase activity [19]. 125I-Ang I and Ang II (2 × 106 counts/min, 2200 curies/mmol) were
added with various inhibitors and the enzymatic products [(Ang II or Ang-(1–7)] were
quantified on HPLC as previously described [19]. The following agents comprised the
inhibitor cocktail in the assay: amastatin (10 μmol/l), bestatin (50 μmol/l), chymostatin (50
μmol/l), benzyl succinate (50 μmol/l), and parachloromercuribenzoic acid (250 μmol/l).
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MLN-4760 (50 μmol/l) and lisinopril (50 μmol/l) were added to inhibit ACE2 and ACE
activity, respectively.

Nitric oxide metabolites (NOx) in tissue samples were determined using a Griess assay
(nitrate/nitrite colorimetric assay kit; Alexis Biomedicals, California, USA) [12].

Gene expression analysis
Additional left-ventricular tissue samples from the apical portion were snap-frozen in liquid
nitrogen and stored at −80°C for reverse transcriptase real-time PCR analysis of mRNA for
ACE, ACE2 as well as p22phox and gp92phox, the critical components of NADPH oxidase
[20]. RNA was isolated from tissue, using the TRIZOL reagent (GIBCO Invitrogen,
Carlsbad, California, USA), as directed by the manufacturer. The RNA concentration and
integrity were assessed using an Agilent 2100 Bioanalyzer with an RNA 6000 Nano
LabChip (Agilent Technologies, Palo Alto, California, USA). Total RNA was reverse-
transcribed using Avian Maloney Virus reverse transcriptase in a reaction mixture
containing deoxyribonucleotides, random hexamers, and RNase inhibitor in reverse
transcriptase buffer. Heating the reverse transcriptase reaction product at 95°C terminated
the reaction. For real-time PCR, the resultant cDNA was added to TaqMan Universal PCR
Master Mix (Applied Biosystems, Foster City, California, USA) with the appropriate gene-
specific primer/probe set (Applied Biosystems) and amplification was performed on an ABI
7000 Sequence Detection System. The mixtures were heated at 50°C for 2 min, at 95°C for
10 min followed by 40 cycles at 95°C for 15 s and 60°C for 1 min. All reactions were
performed in triplicate and 18S ribosomal RNA, amplified using the TaqMan Ribosomal
RNA Control Kit (Applied Biosystems), served as an internal control. The results were
quantified as Ct values, where Ct is defined as the threshold cycle of PCR at which
amplified product is first detected, and defined as relative gene expression (the ratio of
target/control).

Statistics
All values are expressed as the mean ± 1 standard error of the mean (SEM). Data were
analyzed by use of analysis of variance (ANOVA) followed by Newman–Keuls’ post-test. A
value of P less than 0.05 was considered to be of statistical significance.

RESULTS
Direct measurements of blood pressure in anesthetized SHRs are presented in Table 1. As
expected, high salt intake increased SBP, DBP, and MAP, whereas exposure to nebivolol
had no effect on the salt-induced rise in arterial pressure. When compared to the control
SHRs, SHRs fed a HSD had decreased heart rate. The rats treated with nebivolol had lower
heart rates when compared to both untreated salt-loaded SHRs and the rats on the control
diet. These data confirmed the effectiveness of nebivolol in blocking cardio-selective β1-
receptors.

Body weight was decreased in both salt-loaded groups of rats but nebivolol attenuated this
effect (Table 1). Left-ventricular weight increased in both untreated and nebivolol-treated
salt-loaded SHRs when compared to the rats on the control diet; however, nebivolol-treated
rats had significantly higher left-ventricular weight when compared to the untreated salt-
loaded SHRs (Fig. 1). In regards to right ventricle (RV), there was no significant difference
in right-ventricular weight between untreated SHRs fed HSD and control SHRs; right-
ventricular weight was increased in nebivolol-treated rats when compared to the untreated
salt-loaded rats. Consequently, the LV/RV ratio, a marker for left-ventricular hypertrophy,
was not different between the untreated and nebivolol-treated SHRs fed HSD, and was
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increased approximately to the same degree in both salt-loaded groups when compared to
the control rats. Furthermore, high dietary salt intake increased cardiac fibrosis in SHRs
(Table 1 and Fig. 2). Nebivolol treatment significantly attenuated the increased collagen
deposition within the hypertrophied heart of salt-loaded rats (Table 1 and Fig. 2).

Cardiac functional studies (Fig. 3) revealed impaired relaxation in untreated SHRs fed HSD
as manifested by increased time constant of relaxation (tau). Nebivolol did not improve
diastolic dysfunction in rats fed HSD. There were no differences in systolic function (dP/
dTmax/Pmax) and Ped among the experimental groups.

Plasma 8-isoprostane, a measure of systemic oxidative stress, was greater in untreated salt-
loaded SHRs compared to the control rats, and nebivolol treatment significantly reduced the
concentration of this biomarker (Table 1). Similarly, in untreated rats fed the HSD cardiac
immunostaining for 3-NT was increased, suggestive of increased cardiac oxidative stress
(Fig. 4). In contrast, nebivolol decreased 3-NT to the level observed in the control rats.
Assessment of the gene expression of gp91phox and p22phox, the two critical components of
NADPH oxidase, showed no significant change among the three experimental groups (Fig.
4). There was no difference in cardiac NOx between the three experimental groups (Table
1).

Consistent with an increased oxidative stress, increased PRC (Table 1) and cardiac Ang II
immunostaining (Fig. 5) were found in untreated rats fed HSD. Nebivolol prevented the
increase in both PRC and cardiac Ang II immunostaining (Table 1 and Fig. 5). Neither the
salt diet nor nebivolol treatment affected the immunoreactive staining of AT1 receptors or
Ang-(1–12) (Fig. 5), an extended form of Ang I found in other studies to form angiotensin
peptides in both the heart and kidney [21]. The gene expression of two critical enzymes
modulating Ang II formation and metabolism showed that salt loading was associated with
increased cardiac ACE mRNA and no changes in ACE2 mRNA (Table 2). On the contrary,
administration of nebivolol reversed the increase in ACE mRNA induced by the salt diet
while now augmenting the expression of ACE2 mRNA (Table 2). The ACE activity
corresponded to the changes in the gene expression, whereas ACE2 activity was
nonsignificantly increased (24%) in nebivolol-treated rats when compared to the untreated
SHRs (Table 2). Consequently, the elevated ACE/ACE2 mRNA and activity ratio found in
untreated SHRs fed HSD was reduced by nebivolol treatment (Fig. 6).

DISCUSSION
Nebivolol, a potent cardioselective β1-receptor blocker with additional antioxidative and
nitric oxide-releasing properties, reduced systemic and cardiac oxidative stress and
associated cardiac fibrosis in SHRs fed a HSD. The decrease in oxidative stress was
accompanied by reduced cardiac Ang II immunostaining potentially reflecting the effect of
nebivolol on ACE/ACE2, the two critical enzymes involved in Ang II formation and
metabolism, respectively. The beneficial effects of nebivolol on cardiac oxidative stress
were not associated with changes in arterial pressure, cardiac function, and cardiac nitric
oxide metabolites.

It is important to note that the current study confirmed our previous findings that nebivolol
did not affect salt-related increase in arterial pressure [12]. These data underscore the view
that dietary salt excess attenuates the anti-hypertensive properties of drug therapies [22-24].
In our previous study nebivolol did not facilitate systemic vascular nitric oxide availability
in salt-loaded SHRs [12]. We extended these findings by now demonstrating that nebivolol,
in concert with its antioxidative properties, reduced systemic oxidative stress. Thus, our
results suggest that exacerbation of hypertension in SHRs fed HSD is not related to an
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increase in systemic oxidative stress or decreased nitric oxide availability due to increased
nitric oxide scavenge by reactive oxygen species (ROS). Although increased systemic ROS
production was coupled with development of hypertension [9,25], other studies suggest that
vascular oxidative stress does not determine blood pressure regulation [26,27]. Further
studies are necessary to elucidate the exact mechanisms underlying a salt-related blood
pressure elevation in hypertensive patients. The data reported in this study do not negate a
beneficial effect of this drug in hypertension, not aggravated by salt, since potent anti-
hypertensive effects have been reported in SHRs even after treatment withdrawal [28].
Additional studies showed that nebivolol improved arterial structure coupled with improved
endothelium-dependent relaxation [28,29]. Vasodilatory properties of nebivolol are mainly
related to its ability to stimulate endothelial-dependent nitric oxide release shown not only in
experimental animals [11] but also in healthy volunteers [30] and hypertensive patients [31].

Activation of β1-adrenergic receptors is one of the blood pressure-independent mechanisms
contributing to cardiac hypertrophy and fibrosis [32,33]. To the best of our knowledge, this
is the first study to show that nebivolol effectively reduced salt-related cardiac fibrosis
independent of its effect on blood pressure. Nebivolol may have also exerted its antifibrotic
effects by reducing salt-related cardiac oxidative stress reflected in pronounced 3-NT
staining. It has been shown that gp91phox is critical for development of cardiac fibrosis in
response to either pressure overload or RAS stimulation [34,35]. Moreover, left-ventricular
failure in Dahl salt-sensitive rats was associated with increased ROS production and p22phox

and gp91phox up-regulation that was corrected with both AT1 receptor antagonist and tempol
[36]. We also previously found an increased gp91phox protein in the kidney of SHRs fed
HSD [12]. However, in the present study, gene expression of the two critical components of
NADPH oxidase, p22phox and gp91phox, was not altered with high dietary salt intake.
Further studies are warranted to explore additional potential sources for ROS generation in
response to dietary salt excess in SHRs such as xanthine oxidase, uncoupled nitric oxide
synthase, mitochondria, and cytochrome P-460 enzymes [37]. Similarly, nebivolol did not
affect the gene expression of these two NADPH oxidase subunits; however, its antioxidant
properties could have arisen from its intrinsic direct superoxide scavenger properties [11].

β1-adrenergic receptor blockers have been used clinically for a long time in the treatment of
different cardiovascular diseases, including hypertension as well as impaired renal and
cardiac function [38-40]. Their beneficial effects are linked not only to their ability to
decrease enhanced sympathetic drive but also to reduce renin release [41]. In the present
study, we report that the beneficial antifibrotic and antioxidative effects of nebivolol in
SHRs fed a HSD were associated with not only suppression of PRC but also with reduction
in the cardiac expression of Ang II. It is well accepted that increased Ang II activity is
linked to development of cardiac hypertrophy and fibrosis as well as dysfunction. Moreover,
the reduction in cardiac Ang II content in nebivolol-treated SHRs fed HSD may be seen in
the context of nebivolol’s ability to reduce the elevated ACE/ACE2 activity ratio observed
in untreated rats. ACE has been involved not only in Ang II formation but also the
metabolism of the antiproliferative and vasodilator actions of Ang-(1–7) [42-44], whereas
ACE2 preferentially cleaves Ang II to form Ang-(1–7) [45]. Moreover, decreased cardiac
Ang-(1–7) was associated with pronounced left-ventricular remodeling in SHRs fed HSD
[18]. Thus, the imbalance between ACE/ACE2 may have favored Ang II over Ang-(1–7) in
salt-loaded rats contributing to the specific phenotype observed in this group. Consistent
with a multilevel interaction between sympathetic and RAS systems [46], we recently
showed that nebivolol prevented the salt-induced reduction in Ang-(1–7) receptor mas along
with improvement in renal blood flow, urinary protein excretion, and collagen deposition in
salt-loaded SHRs [12]. On the contrary, Ang-(1–7)-producing fusion protein in the heart
attenuated isoproterenol-induced cardiac fibrosis [47]. Future studies will explore in more
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details the contribution of counterbalancing Ang-(1–7) to the cardiac beneficial effects of
nebivolol and the potential underlying mechanisms.

We also examined the expression of a novel angiotensin peptide precursor, Ang-(1–12)
[21,48], in an attempt to further characterize the cardiac RAS under the condition of dietary
salt excess and/or nebivolol treatment. Neither dietary salt excess nor nebivolol treatment
altered the Ang-(1–12) level in the heart of SHRs. Since Ang II formation from Ang-(1–12)
occurs via a nonrenin pathway in both the heart [49] and the systemic circulation [17], the
current finding of unchanged Ang-(1–12) expression in the presence of PRC changes are in
keeping with previous observations. Nagata et al. [50] recently reported that cardiac level of
Ang-(1–12) did not change after exposure of normotensive rats to diets with different
sodium content. They showed that increased plasma renin activity in response to low-salt
diet was not accompanied with changes in Ang I, Ang II, and Ang-(1–12) in the heart. It is
therefore possible that the absence of changes in the expression of cardiac Ang-(1–12) in
response to either dietary sodium or the combination of dietary sodium and β1-receptor
blockade reflects that this substrate is regulated by mechanisms that are independent of both
renin and the deleterious effects of salt excess.

Finally, a growing body of evidence argues for favorable effects of nebivolol on left-
ventricular dysfunction [13,51-53]. However, despite its beneficial effects on cardiac
fibrosis and oxidative stress in SHRs fed a HSD in the present study, nebivolol did not
improve impaired ventricular diastolic function nor did it reduce left-ventricular mass.
Failure to improve cardiac function and left-ventricular hypertrophy may be related to the
combined effects of salt-loading and hypertension since in the Zucker rat, a model of obesity
and hypertension, nebivolol reduces myocardial structural maladaptive changes and
improves diastolic relaxation in concert with improvements in insulin sensitivity and
endothelial nitric oxide synthase activation [13]. Although increased left-ventricular wall
thickness in both untreated and nebivolol-treated rats may have enhanced myocardial
oxygen demand compromising coronary circulation and left-ventricular relaxation,
decreased oxidative stress in rats treated with β1-adrenergic receptor blocker argues against
compromised myocardial oxygen supply in these rats.

Consistent with this notion, decreased heart rate by nebivolol treatment would reduce
oxygen consumption while prolonging diastolic time and in this way improve coronary
hemodynamics since coronary flow occurs mainly through this phase of the cardiac cycle
[54]. Thus, other mechanism of still impaired relaxation in nebivolol-treated rats should be
explored. In addition to alteration in myofilament properties and cytoskeletal architecture,
alteration in calcium handling has been linked to diastolic dysfunction in hypertrophied LV
[55] and Ang II has an important contributory role [56]. Importantly, AT1 receptor
antagonism under similar experimental conditions beneficially affected both left-ventricular
hypertrophy and fibrosis improving left-ventricular dysfunction and coronary hemodynamic
impairment, yet similarly to nebivolol, it did not prevent salt-induced rise in arterial pressure
[6]. It is quite possible that, whereas nebivolol reduced Ang II in the heart of salt-loaded rats
to the level comparable to the control rats, even that level of Ang II in response to an
increase in salt intake might be inappropriately high.

In summary, our data suggest that nebivolol, in a blood pressure-independent manner,
ameliorated cardiac oxidative stress and associated fibrosis but not left-ventricular
dysfunction in salt-loaded SHRs. The beneficial effects of nebivolol may be attributed, at
least in part, to the decreased ACE/ACE2 ratio and consequent reduction of cardiac Ang II
levels.
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ACE angiotensin-converting enzyme

Ang angiotensin

dP/dTmax maximum rate of pressure rise

Ped end-diastolic pressure

PRC plasma renin concentration

RAS renin–angiotensin system

SHRs spontaneously hypertensive rats

tau time constant of isovolumic relaxation
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FIGURE 1.
Effects of high salt diet (HSD) diet and nebivolol (Neb) on left (LV) and right (RV)
ventricular weight. *P < 0.05 vs. control. #P < 0.05 vs. untreated salt-loaded group.
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FIGURE 2.
Interstitial fibrosis in the heart of control (left), salt-loaded (HSD; middle), and nebivolol-
treated SHRs (HSD and Neb; right) (picrosirius red staining; ×400 original magnification).
HSD, high salt diet; SHRs, spontaneous hypertensive rats.
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FIGURE 3.
Effects of nebivolol on cardiac function of salt-loaded SHRs. Pmax = maximal developed left
ventricular pressure, Ped end-diastolic pressure, +dP/dTmax = maximum rates of pressure
rise, tau time constant of isovolumic relaxation; *P < 0.05 vs. control, #P < 0.05 vs.
untreated salt-loaded group. HSD, high salt diet; Neb, nebivolol; SHRs, spontaneous
hypertensive rats.
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FIGURE 4.
Effects of nebivolol on cardiac oxidative stress in heart tissue of salt-loaded SHRs. 3-
nitrotyrosine staining (3-NT; ×400 original magnification) and gene expression of gp91phox

and g22phox. *P < 0.05 vs. control, #P < 0.05 vs. untreated salt-loaded group. HSD, high salt
diet; Neb, nebivolol; SHRs, spontaneous hypertensive rats.
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FIGURE 5.
Cardiac immunostaining for Ang II (top), AT1 receptor (middle) and Ang-(1–12) (bottom)
in the control and untreated and nebivolol-treated SHRs fed HSD (×400 original
magnification). *P < 0.05 vs. control. #P < 0.05 vs. untreated salt-loaded group. HSD, high
salt diet; Neb, nebivolol; SHRs, spontaneous hypertensive rats.
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FIGURE 6.
Cardiac ACE/ACE2 ratio in SHRs fed HSD and treated with nebivolol. *P < 0.05 vs.
control, #P < 0.05 vs. untreated salt-loaded group. ACE, angiotensin-converting enzyme;
ACE2, angiotensin-converting enzyme 2; HSD, high salt diet; Neb, nebivolol; SHRs,
spontaneous hypertensive rats.
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TABLE 1

Body weight, arterial pressure, heart rate, isoprostane, PRC, cardiac NOx and fibrosis in nebivolol-treated
SHRs fed HSD

Control High salt High salt and nebivolol

Body weight (g) 304 ± 4 233 ± 9* 264 ± 4*,#

SAP (mmHg) 194 ± 6 234 ± 9* 235 ± 8*

DAP (mmHg) 145 ± 6 175 ± 5* 170 ± 5*

MAP (mmHg) 168 ± 6 201 ± 6* 197 ± 6*

HR (beats/min) 433 ± 11 391± 11* 358 ± 9*,#

Plasma 8-isoprostane (pg/ml) 133 ± 20 538±116* 133±13*

PRC (ng/ml per h) 2.08 ± 0.59 12.23 ± 3.24* 1.21 ± 0.58*

Cardiac NOx (μg/mg protein) 0.11 ± 0.01 0.14 ± 1.01 0.12 ± 0.01

Fibrosis (% of total area) 3.41 ± 0.48 13.05 ± 2.38* 6.26 ± 0.97*

Results are mean ± SEM. DAP, diastolic arterial pressure; HR, heart rate; MAP, mean arterial pressure; NOx, nitric oxide metabolites (nitrite and

nitrate); PRC, plasma renin concentration; SAP, systolic arterial pressure.

*
P<0.05 vs. control.

#
P< 0.05 vs. untreated salt-loaded group.
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TABLE 2

ACE and ACE2 in nebivolol-treated SHRs fed a HSD

Control High salt High salt and nebivolol

ACE mRNA (fold increase in arbitrary units) 1.00 ± 0.06 2.00 ± 0.31* 1.07 ± 0.11#

ACE2 mRNA (fold increase in arbitrary units) 1.06 ± 0.06 0.78 ± 0.09 1.14 ± 0.12#

ACE activity (fmol/ml per min) 4.39 ± 0.61 8.39 ± 1.00* 4.37 ± 0.57#

ACE2 activity (fmol/ml per min) 15.53 ± 2.26 14.63 ± 2.49 18.09 ± 1.56

Results are mean ±SEM. ACE, angiotensin-converting enzyme; ACE2, angiotensin-converting enzyme 2; SHRs, spontaneous hypertensive rats.

*
p < 0.05 vs. control.

#
P< 0.05 vs. untreated salt-loaded group.
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