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BACKGROUND AND PURPOSE
The contribution of endothelin-1 (ET-1) in a B2KO mouse model of a high salt-induced arterial hypertension was investigated.

EXPERIMENTAL APPROACH
Wild-type (WT) or B2KO mice receiving a normal diet (ND) or a high-salt diet (HSD) were monitored by radiotelemetry up to
a maximum of 18 weeks. At the 12th week of diet, subgroups under ND or HSD received by gavage the ETA antagonist
A127722 during 5 days. In addition, blood samples were collected and, following euthanasia, the lungs, heart and kidneys
were extracted, homogenized and assayed for ET-1 by RIA. In a separate series of experiments, the ETA antagonist, BQ123
was tested against the pressor responses to a NOS inhibitor L-NG-nitroarginine methyl ester (L-NAME) in anaesthetized WT
and B2KO mice.

KEY RESULTS
In B2KO, but not WT mice, 12 weeks of HSD triggered a maximal increase of the mean arterial pressure (MAP) of 19.1 ±
2.8 mmHg, which was corrected by A127722 to MAP levels found in B2KO mice under ND. Significant increases in
immunoreactive ET-1 were detected only in the lungs of B2KO mice under HSD. On the other hand, metabolic studies
showed that sodium urinary excretion was markedly reduced in B2KO compared with WT mice under ND. Finally, BQ123
(2 mg·kg−1) reduced by 50% the pressor response to L-NAME (2 mg·kg−1) in B2KO, but not WT mice under anaesthesia.

CONCLUSIONS AND IMPLICATIONS
Our results support the concept that functional B2 receptors oppose high salt-induced increments in MAP, which are
corrected by an ETA receptor antagonist in this mouse model of experimental hypertension.

Introduction
Katori and Majima (2006) suggested that multiple factors
have been linked with high-salt hypertension, albeit none
provides a full explanation for this clinical situation. Dietary
sodium restrictions, however, lower the incidence of cardio-
vascular complications in groups of hypertensive patients,
as shown by Cook et al. (2007). African-American hyperten-
sive patients are particularly sensitive to salt intake even in
conditions of aggressive treatment with ACE inhibitors
(ACEI; Weir et al., 1995; Grim and Robinson, 1996; Sanders,
2009a). These latter patients, some of whom show functional
polymorphism for the B2 receptor (Gainer et al., 2000), also

have a marked elevation in plasma levels of endothelin-1
(Ergul et al., 1998; Ergul, 2000).

Endothelin-1 (ET-1), a potent endothelial derived pressor
peptide discovered by Yanagisawa and colleagues in 1988
(Yanagisawa et al., 1988), has been suggested to play a signifi-
cant contribution in the aetiology of vascular diseases such as
primary pulmonary hypertension (Giaid et al., 1993), sclero-
derma (Dhaun et al., 2007), renal hypertension (Takeda et al.,
1997) and ACEI-resistant systemic hypertension (Weber et al.,
2009). It is noticeable that antagonists of ETA and ETB recep-
tors for ET-1, such as bosentan and macitentan have, up until
now, only been proven clinically useful in primary pulmo-
nary hypertension (Channick et al., 2001; Bolli et al., 2012) as
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well as in the prevention of digital ulcer in systemic sclerosis
(Matucci-Cerinic et al., 2011).

Pharmacological cross-talk between ET-1 and bradykinin
(BK), on the other hand, has recently been identified, for the
first time, in Chagas’s disease. Indeed, Andrade and col-
leagues have demonstrated a significant cooperation between
endothelin receptor activation and the toll-like receptor 2/C-
X-C motif receptor-2/B2 kinin receptor (TLR2/CXCR2/B2)
complex in Chagas’s-induced inflammation (Andrade et al.,
2012). Whether such cooperation between the ET-1 and the
BK pathways can be reproduced in cardiovascular diseases
remained to be determined. On a more clinical point of view,
Elijovich et al. (2001) have suggested the importance of
testing an endothelin antagonist in salt-sensitive hyperten-
sive patients, by showing an increase in endothelin levels in
salt depleted salt-sensitive patients. The usefulness of
endothelin antagonists in these particular patients remains,
however, to be investigated.

Based on these observations mentioned earlier, it was of
keen interest for our group to further explore the putative
cross-talk between B2 receptors for kinins and ET-1, in experi-
mental settings of high salt-induced hypertension.

The advent of mice knocked out for the BK B2 receptor
(Borkowski and Hess, 1995) has allowed the identification of
several roles for this particular receptor type in inflammation,
immune reactions and pain (Boyce et al., 1996; Seabrook
et al., 1997; Samadfam et al., 2000) as well as in the onset on
hypertensive states (Alfie et al., 1996; Madeddu et al., 1997).
Madeddu et al. (1997), for example, have shown by tail ple-
thysmography that a high-salt diet triggered a significant
increase in mean arterial pressure in B2KO mice, but not
in wild-type (WT) counterparts. Alterations in the BK-
dependent release of endothelial-derived NO have been
documented as well in B2KO mice (Berthiaume et al., 1997;
Schanstra et al., 2003). Loiola et al. (2011) also showed
decreased NO bioavailability in blood vessels derived from
B2KO mice. Finally, our group has reported the role of B2 and
ETB receptors in the prostacyclin producing properties of BK
and ET-1, respectively (Labonte et al., 2001).

In the present study, we hypothesized that the endothelin
pathway is significantly involved in a high-salt diet (HSD)
induced hypertensive murine model knocked out for the B2

receptor of kinins (B2KO mice). Thus, the principal aim of the
present study was to assess whether an orally available ETA

antagonist is able to reverse the salt-induced hypertensive
state found in B2KO mice.

Our results show that the high salt-induced hypertension,
which develops in the B2KO mouse, is corrected by the orally
available ETA receptor antagonist A127722 (Opgenorth et al.,
1996). These observations support the hypothesis that BK, via
its B2 receptors, represents a physiological antagonist to the
ET–1-induced blood pressure elevation in the murine model
receiving a high-salt diet.

Material and methods

Animals
C57BL/6 WT mice or knocked out for BK B2 receptor (–/–;
B2KO) on the same genetic background (Borkowski and Hess,

1995), weighing 25–35 g and of either sex, were used in these
experiments. From breeding pairs originally donated by Dr
Fred Hess, B2KO mice are currently bred and housed in our
local colony where they are kept at constant room tempera-
ture (±23°C) and humidity (∼78%) under a controlled light–
dark cycle (0600–1800 h).

Experimental design
WT and B2KO mice were each divided in two groups and fed
ad libitum with normal diet (ND; 0.49% NaCl with normal
tap water) or HSD (8% NaCl with tap water at 1% of NaCl)
during a period of 8–18 weeks before euthanasia by cervical
dislocation.

Anaesthesia was performed with the intra-muscular
administration of ketamine/zylazine (87/13 mg kg−1), with
maintenance doses of 29/4 mg·kg−1 every 30 min when
needed. Anaesthesia was monitored by reflex measurement
and breathing rhythm.

Animal care and experimentations were approved by the
Ethics Committee on Animal Research of the Université de
Sherbrooke, according to the guidelines of the Canadian
Council on Animal Care. This manuscript follows the ARRIVE
guidelines for reporting in vivo experiments (Kilkenny et al.,
2010; McGrath et al., 2010).

Metabolic studies
WT or B2KO mice priorly subjected to 10 weeks of ND or HSD
were placed in metabolic cages with free access to water and
food for 24 h. Urine samples were collected at the end of
experiments and their content in sodium and potassium were
analysed by an AVL electrolyte analyser 9140 (Roche Diag-
nostic, Laval, QC, Canada).

Experimental design in chronic
radiotelemetry-implanted mice
Telemetry probe implantation was achieved in accordance to
Carlson and Wyss (2000) and Butz and Davisson (2001) and
as described in the supplementary methods.

Mice were monitored by radiotelemetry, for a continuous
24 h, once a week, for a total of 18 weeks. In a second series
of experiments, WT and B2KO mice under ND or HSD for 12
weeks were treated for 4 days by oral gavage with the ETA

antagonist A127722 (5 mg kg−1; Opgenorth et al., 1996) or the
ETB antagonist A192621 (30 mg·kg−1; von Geldern et al., 1999;
graciously supplied by Abbott Laboratories, Abbott Park, IL,
USA) twice a day (0800 and 1800 h). Doses for each antago-
nist used in the present study were selected in accordance to
our previous study in radiotelemetry-instrumented hamsters
(Honore et al., 2005). Those mice were continuously moni-
tored for 2 days prior to treatment, during the ET receptor
antagonist treatment and for a 4-day washout period.

Reverse transcription and quantitative
real-time PCR (RT-PCR)
Tissues (heart, lung, renal cortex and renal medulla)
were homogenized in Trizol reagent (Invitrogen, Burlington,
ON, Canada) by using a tissue homogenizer (polytron;
ultra-turrax T8, IKA, Wilmington, NC, USA). The extrac-
tion of total RNA was performed in a phenol/chloroform
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solution, precipitation in isopropanol and washing in 75%
ethanol. The RNA was dried and re-dissolved in diethyl-
pyrocarbonate-treated water. A deoxyribonuclease treatment
(DNase I, Invitrogen) was made on 1 μg of total RNA. Finally,
a reverse transcription was performed using 25 units of avian
myeloblastosis virus reverse transcriptase (Roche Diagnos-
tics). The reaction was performed at 42°C for 60 min.

Each PCR reactions contained 2 μL (∼100 ng) cDNA,
300 nM of primers in 25 μL of reactive mixture with 12.5 μL
of SYBR Green master mix (Stratagene, La Jolla, CA, USA).

Quantitative PCR for actin, ETA and ETB receptors of
endothelin were performed by monitoring in real time the
fluorescence increase of SYBR Green using the MX3000P Mul-
tiplex Quantitative PCR System (Stratagene). Actin served as
internal control (supplemental methods, section on real-time
PCR).

Monitoring of immunoreactive ET-1
Mice were anaesthetized and a polyethylene catheter was
inserted into the right carotid artery for blood sampling and
plasma was obtained by a centrifugation of 1 min at 20 000 g.
The mice were then euthanized and the organs (heart,
kidney, aorta and lungs) were rapidly removed, weighted and
frozen on dry ice. The tissues were homogenized in 1.4 mL of
chloroform : methanol (2:1) at 4°C. 350 μL of water was
added to the homogenates and a centrifugation at 3000 g for
25 min (at 4°C) was performed. The supernatant of tissue
homogenate and the plasma were acidified with 1 volume of
trifluoroacetic acid (TFA) 0.2%, before being passed trough an
Amprep Octadecyl C18 minicolumn 100 mg (RPN 1900,
Amersham Biosciences, Baie D’Urfé, QC, Canada).

The column was beforehand activated with 1 mL of
methanol, washed with 4 mL of TFA 0.1%, the sample was
applied, the column washed with 9 mL of TFA 0.1% and
finally the column was eluted with 1.5 mL of acetonitrile
60%/TFA 0.1%. Eluates were evaporated to dryness in poly-
propylene tubes using a vacuum concentrator. The desiccated
residues were re-dissolved in RIA buffer of the immuno-
reactive endothelin (IR-ET) double-antibodies assay kit (RPA
555, Amersham Biosciences; modified from Gratton et al.,
1997). Results are expressed in fmol·g−1 of tissue.

Acute monitoring of blood pressure in
response to NOS inhibition
Eight-week-old mice on ND were anaesthetized and cannu-
lated in the carotid artery as described earlier. Another
catheter was inserted in the jugular vein for i.v. drug admin-
istration. After surgery completion, the carotid artery catheter
was connected to a Blood Pressure Analyzer 200A (Micro-
Med, Tustin, CA, USA) for arterial pressure measurements. A
15 min stabilization period was allowed before i.v. adminis-
tration of either vehicle or BQ123 (2 mg·kg−1). Another
20 min period was allowed before the i.v. administration of
the NOS inhibitor L-NG-nitroarginine methyl ester (L-NAME;
2.5 mg·kg−1). Data were then recorded for 20 min before the
mice were euthanized.

Chemicals
A127722 and A192621 were dissolved into 2 M equivalents of
sodium hydroxide and the volume was completed with saline

0.9%. BQ123 was dissolved in PBS containing 10% dimethyl
sulfoxide (DMSO). L-NAME (Sigma-Aldrich, Oakville, ON,
Canada) was dissolved in PBS. Vehicles were tested and found
to be inactive in WT and B2KO mice subjected to ND or HSD.

Nomenclature
All drug and molecular target nomenclature are in concord-
ance with the British Journal of Pharmacology’s Guide to
Receptors and Channels (Alexander et al., 2011).

Statistical analysis
Data are expressed as mean ± SEM of n experiments. Statisti-
cal analysis were performed by unpaired Student’s t-test or by
an ANOVA test followed by a Tukey post-test whenever appli-
cable. *P < 0.05; **P < 0.01; ***P < 0.001. Blood pressure
variations within each group for A127722 treatment were
also evaluated with a paired Student’s t-test.

Results

Development of hypertension during a HSD
in non-anaesthetized B2KO mice
B2KO mice were subjected to either ND or HSD and moni-
tored by radiotelemetry for 18 weeks (Figure 1).

Figure 1A illustrates that the onset of mean arterial pres-
sure increase in B2KO mice developed after 1 week of HSD and
reached a maximal increase of 19.1 ± 2.8 and 20.4 ±
4.3 mmHg after the 12th and 18th week of treatment respec-
tively (Figure 1A and Table 1). On the other hand, B2KO mice
on ND maintained a stable mean arterial blood pressure
(MAP; week 0: 105.7 ± 2.6; 18th week: 110.6 ± 6.0 mmHg).
Table 1 shows a similar pattern of slightly, but non-
significantly increased MAP (5–7 mmHg) between the 0- and
18-week period in WT mice on either diet. Furthermore,
Figure 1B shows no difference in terms of heart rate between
ND and the HSD groups during the entire treatment period.

Renal excretory functions impaired in
B2KO mice
To confirm the contribution of B2 receptor in the mainte-
nance of electrolyte homeostasis, sodium and potassium were
measured in the urine of WT and B2KO mice submitted to the
different diets. Supporting Information Table S1 shows that,
under ND, B2KO mice excrete significantly less sodium and
potassium than WT mice. Under HSD, B2KO mice show no
difference in sodium excretion compared with WT while
potassium excretion remains significantly lower in the KO
congeners.

ET receptors expression is not modulated
at the transcriptional level by HSD in
B2KO mice
The mRNA levels for the ETA and ETB receptors were analysed
by RT-PCR. Supporting Information Figure S3 shows that
none of the mRNAs levels mentioned earlier were modified in
lungs or heart homogenates derived from WT or B2KO mice
subjected to 18 weeks of HSD when compared with animals
under ND. Earlier experiments using the conventional
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RT-PCR approach did not show any enhancement of cardiac
and pulmonary- pre–pro-ET-1, angiotensin receptor type-1a
(AT1a) or angiotensinogen mRNA levels in B2KO mice sub-
jected to a HSD (results not shown).

Interestingly, ETB receptor mRNA levels are expressed in
significantly higher levels (P < 0.05) than the ETA in both the
renal cortex and medulla of WT or B2KO mice, with no
significant alterations however for the former receptor type in
both strains subjected to HSD (Supporting Information
Figure S2).

As a final control, albeit an up-regulation of the B1 recep-
tor mRNA was observed in the heart as well as in the renal
medulla and cortex obtained from B2KO mice when com-
pared with WT congeners, HSD did not influence the expres-
sion of either receptor in all the other organs studied
(Supporting Information Figure S4).
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Figure 1
Weekly profile of MAP (A) and heart rate (HR; B) of B2KO mice
submitted to ND or HSD. Data were collected by radiotelemetry.
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other mice completed 12 weeks and underwent ETA or ETB antago-
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HSD increases ET-1 pulmonary concentration
in B2KO mice
In another series of experiments, tissue and plasma immuno-
reactive ET-1 concentrations were measured by RIA. Overall
tissue and plasma levels of immunoreactive ET-1 were signifi-
cantly lower in B2KO mice when compared with the same
tissues derived from WT congeners with the notable exception
of the lungs (Figure 2C). Basal tissue levels of immunoreactive
ET-1 were found to be 10-fold higher in the lungs (Figure 2C)
than in the heart or kidneys of both WT mice and B2KO mice
(Figure 2A). Worthy of notice is that the levels of the peptide
were significantly increased by 45% only in pulmonary tissues
of B2KO but not in the WT mice tissue when subjected to HSD.
Finally albeit no significant variations in cardiac, renal or
plasma ET-1 levels were found in WT or B2KO mice subjected to
HSD (Figure 2), the same regimen triggered a marked increase
in aortic ET-1 levels in WT but not in B2KO mice.

Effect of ETA or ETB receptor blockade on
blood pressure and heart rate in the
hypertensive condition of B2KO mice on HSD
WT or B2KO mice under ND or HSD were treated twice
daily with the selective ETA or ETB antagonist administered
orally, A127722 (5 mg·kg−1; Figures 3 and 4) or A192621
(30 mg·kg−1; Figure 5) respectively. Interestingly, after 2 days
of treatment, A127722 significantly decreased MAP in all
groups (reduction of 9–11 mmHg); however, with a more
pronounced hypotensive response in B2KO mice on HSD

(reduction of 18 mmHg; P < 0.01 when compared with each
of the other groups). On the fourth day of treatment with
A127722, systolic, diastolic and MAP of B2KO mice under
HSD were reduced back to baseline levels found in WT or
B2KO mice subjected to ND (Figures 3 and 4). Washout of the
ETA antagonist promoted the return to the elevation of blood
pressure in the HSD mice whereas the same ETA antagonist
did not modify the heart rate in WT or B2KO mice under ND
or HSD (Figure 3 and 4).

Finally, a 4-day treatment with the ETB antagonist
A192621 was associated with a significant increase in MAP,
systolic blood pressure (SBP) and diastolic blood pressure
(DBP) after the second day of administration in WT mice
under ND and HSD, albeit to a lesser extent in the former salt
diet (Figure 5). Meanwhile, A192621 increased MAP and DBP
similarly in B2KO mice receiving the ND or HSD (Figure 5A
and C).

An ETA receptor antagonist reduces the blood
pressure response to a NO synthase inhibitor
in B2KO mice, but not in WT mice.
In a final series of experiments, WT or B2KO mice, aged 8 weeks
under ND, were pretreated with vehicle or the ETA selective
antagonist BQ123 (2 mg·kg−1) before the administration of the
non-selective NOS inhibitor L-NAME (2.5 mg·kg−1; Figure 6).
The BQ123 treatment failed to reduce the blood pressure
increase in response to L-NAME in WT mice, but reduced the
response to L-NAME by close to 40% in B2KO mice.

Figure 2
Immunoreactive levels of ET(IR-ET-1) [fmol·(g of tissue)-1] in the heart, kidney and aorta (A), plasma (B) [fmol·(ml of plasma)-1] or the lungs
(C) [fmol·(g of tissue)-1] of WT and B2KO mice submitted to 18 weeks of ND or HSD. **P < 0.01, ***P < 0.001 (n = 8–10).
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Discussion
We show in the present study, by radiotelemetry, that HSD
induces an increase in systolic, diastolic and MAP in B2KO,
but not in WT mice, thus confirming the initial observations
of Madeddu et al. (1997) where blood pressure was measured
by tail plethysmography in the same murine strains.
Cervenka et al. (1999) and Carlson and Wyss (2000) have
previously reported, by tail cuff and radiotelemetry respec-
tively, that long term HSD does not increase MAP in WT mice
thus confirming the present data in these animals.

Interestingly in the present study, the selective ETA

antagonist A127722 was able to reduce the hypertensive state
induced by 12 consecutive weeks of HSD in B2KO mice to
MAP levels found in the same strain subjected to normal salt
diet. The dynamic role of the ET system was further demon-
strated following washout of A127722 as haemodynamic
parameters reverted to a hypertensive state 2 days following
withdrawal of the antagonist. In contrast, a selective ETB

antagonist, A192621 (von Geldern et al., 1999), was associ-
ated with a marked increase in blood pressure highlighting
the physiological antagonism afforded by the ETB receptor
type in the systemic circulation as previously reported
(Berthiaume et al., 2000). Notably, the hypertensive proper-
ties of A192621 are further enhanced in B2KO mice subjected
to the normal salt diet.

We had previously reported that the lack of B2 receptors
abolished the production of endothelial-derived NO afforded

by exogenous BK in isolated mesenteric circuits of the mouse
(Berthiaume et al., 1997). Schanstra et al. (2003) have also
shown much lower excreted nitrites levels in B2KO mice than
their WT congeners. It is also well established that stimulated
or basal NO levels are both negative modulators of the ET-1
synthesis and release (Boulanger and Glick, 2000; Gratton
et al., 2000). The studies mentioned earlier thus support the
concept that the high salt-induced hypertensive condition is
linked to a reduced capacity of the B2KO mice to activate
BK-induced endogenous NO-dependent inhibition of the
ET-1 pathway. Because HSD did not influence mRNA levels
for either the ETA nor the ETB receptor in all organs examined
in B2KO mice, we suggest that this enhanced hypertensive
response to A192621 is caused by a loss of NO-dependent
negative regulation of vascular tone (Sanders, 2009b), albeit
this remains to be validated in our experimental model.

Our data also show that tissue and plasma ET-1 levels
measured were similar to previous reports with the largest
concentrations of the peptide localized in the lungs
(Okumura et al., 1993; 1995; Ashizawa et al., 1994; Carr et al.,
1998). This state of events is suggested to be due to the
high-density location of endothelial cells involved in ET-1
clearance in this particular organ when compared with the
heart or the kidney for example (D’Orleans-Juste et al., 2002).
It was thus interesting that a 45% increase in pulmonary
content of ET-1 occurs in B2KO mice subjected to HSD when
compared with same animal strain treated with a normal salt
diet. Such increases in pulmonary ET-1 levels were not
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observed in WT congeners under ND or HSD. Therefore, we
suggest that the repression of B2 receptor functions may be
partially responsible for the increased ET-1 level observed in
the pulmonary tissue. Importantly, mRNA levels of prepro-
ET-1 in several organs including the lungs were not modified
by the HSD in B2KO mice (results not shown) suggesting that
transcriptional mechanisms are not implicated in the
increased pulmonary ET-1 levels found in B2KO mice sub-
jected to HSD. It is also noticeable that immunoreactive ET-1
was not elevated in the aortae of B2KO mice under HSD. Thus,
albeit tissue ET-1 content in resistance vessels were not moni-
tored in the present study, we suggest that the increase in
pulmonary content of the same peptide plays no role in the
A127722-sensitive hypertensive state reported here in B2KO
mice under HSD.

Finally, considering that antagonism of ETA receptors was
efficient in reversing the effect of HSD in B2KO mice and that
ETB antagonism was more efficacious as a pressor agent in WT
than in B2KO mice, our results supports the postulate that
arterial hypertension found in these B2KO mice is due to ET-1
overproduction as well as reduced clearance of the same
peptide in organs such as the lungs (Sirvio et al., 1990),
because no high salt-induced alterations in ETB receptor
mRNA nor significant increases in tissue or plasma ET-1 levels
were found in B2KO mice. Importantly, angiotensinogen and
AT1 receptor mRNA levels are not enhanced by HSD in B2KO
mice (Cervenka et al., 1999). In addition, as shown in the
present study, a second ETA antagonist, BQ123 (Ihara et al.,

1992) was able to significantly reduce the hypertensive
response afforded by a NO-synthase inhibitor, L-NAME (Rees
et al., 1990), in B2KO, but not in WT congeners.

Based on the experimental evidences mentioned earlier as
well as on the concept of ET-1 interacting with the (TLR2/
CXCR2/B2) complex in Chagas’s disease put forward by
Andrade et al. (2012), we suggest that BK (via B2 receptors)
and ET-1 (via ETB receptors) may cooperate as well in releasing
NO and prostacyclin (Labonte et al., 2001). We suggest that
this BK/ET-1 cooperation is hampered in B2KO mice, thus
explaining why the ETB antagonist is less efficient as a pressor
agent in B2KO mice than in WT counterparts. We further
suggest that ET-1 then binds to the underlying vascular
smooth muscle cells and activates vasoconstrictor ETA recep-
tors unopposed by kinin-dependent NO and PGI2 release.

We also confirm in the present study an impairment of
sodium and potassium excretion in B2KO mice as previously
reported by Alfie et al. (1996). However, under HSD condi-
tions used in our study, potassium, but not sodium excretion
remained significantly lower than in WT mice subjected to
the same regime. Interestingly, Katori and Majima (2006)
reported that high potassium intake reduces the sensitivity of
blood pressure to HSD. This state of event would suggest a
compensatory reduction of potassium excretion in B2KO
mice under HSD. Some study has already been performed in
that regard with clinical primary aldosteronism (PA), in
which a functional polymorphism of the B2 promoter was
associated with increased blood pressure in PA patients
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(Mulatero et al., 2002). However, no differences were
accounted for between B2 genotypes in plasma K+ levels in
those PA patients (Mulatero et al., 2002).

Duka et al. (2001) and Tan et al. (2007), on the other
hand, previously reported a compensatory role from an
up-regulated B1 renal receptor population in B2KO mice; a
phenomenon significantly enhanced in one kidney clipped
or in bi-nephrectomized mice given a HSD (Duka et al., 2001).
Kakoki et al. (2007) have also shown that mRNA levels of
preproET-1 in kidney homogenates between WT and B2KO
mice are not significantly different unless the animals are
prior subjected to ischemic insults. In accordance with these
data, HSD did not trigger a significant increase in B1 receptor
expression in all organs derived from WT or B2KO mice in

our hands, thus suggesting the lack of contribution of
up-regulated B1 receptors, in HSD-induced hypertension in
our KO model.

Finally, it is noteworthy that high densities of both ETB

receptors and B1 receptor mRNAs were found in the renal
medulla when compared with the cortex, the later mRNA
being further enhanced by repression of the B2 receptor.
Albeit endogenous ET-1 and both ETA and ETB receptors have
been shown to be fundamental in the regulation of sodium
and water excretion (Kohan, 2011; Nakano and Pollock,
2012) and in the control of vascular tone (Amiri et al., 2010)
and that ETB receptors in the kidney may be protective
against high salt-induced hypertension (Gariepy et al., 2000),
less is known on the role of BK in these physiological mecha-
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nisms. BK and ET-1 are probably two factors among many
that are involved in the fine-tuning of Na+ and water metabo-
lism in the distal nephron (Kohan, 2011; Zaika et al., 2011;
Mamenko et al., 2012). Both BK (Zaika et al., 2011) and ET-1
(Kohan, 2011) can inhibit epithelial sodium channel (ENaC).
In a salt-loading model, we suggest that both peptides play a
protective role by increasing Na+ excretion, predominantly
through B2 and ETB receptors. In our 4-day A192621 experi-
ment, impaired B2-dependent ENaC inhibition could well be
one mechanism of increased blood pressure on top of the
blockade of ETB-dependent endothelium derived relaxing
factor release. In fact, collecting-duct specific ETB receptor
deletion seems to mimic the blood pressure variations we see
in our B2KO mouse model (Ge et al., 2006).

Our study did not show any changes in ETB mRNA, either
between WT and B2KO mice or between ND and HSD.
However, WT mice on HSD were significantly more sensitive
to ETB antagonism than B2KO mice. This suggests a possible
change in ETB protein levels. An alternate explanation would
be an increase in ET-1 levels in the distal nephron caused by
HSD. We did not investigate this aspect in the present study
however. It is possible that any alterations specific to the
collecting duct-derived ET-1 levels may be masked by the
whole organ measurements performed in the present study.

Another possible interaction between BK and ET-1 is
through NO production, which by itself can inhibit ENaC
and other sodium reabsorption mechanisms (Helms et al.,
2005). Considering that B2 and ETB receptors prompt NO
synthesis upon activation, it remains to be determined
whether NO formation is required for BK and/or ET-1 inhibi-
tion of ENaC.

In conclusion, high salt-induced hypertension afforded
by non-anaesthetized mice genetically repressed for the B2

receptor can be reversed by an ETA selective antagonist. The
present study also provides evidences towards a protective
role for ETB receptors in this particular animal model of
hypertension. Whether the same paradigm can be translated
to ACEI resistant-hypertensive patients in which functional

B2 receptor polymorphism has been identified remains to be
investigated.
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Supplementary methods.
Figure S1 Weekly profile of the systolic blood pressure (SBP)
of B2KO mice subjected to normal (ND) or high salt diet
(HSD). Data were collected by radiotelemetry. Each point
represents the mean ± SEM of seven to eight experiments.
***P < 0.001.
Figure S2 Monitoring of the relative mRNA expression of
ETA and ETB receptors by real-time PCR in the kidney of WT
and B2KO mice submitted to both diets. The values are nor-
malized against actin and expressed as 2–ΔΔCt. Each value rep-
resents mean ± SEM of five to eight experiments.
Figure S3 Monitoring of the relative mRNA expression of
ETA and ETB receptors by real-time PCR in the lung (A) and the
heart (B) of WT and B2KO mice submitted to both diets.
The values are normalized against actin and expressed as
2–ΔΔCt. Each value represents mean ± SEM of five to eight
experiments.
Figure S4 Monitoring of the relative mRNA expression of
B1 receptors by real-time PCR in the lung (A), the heart (B)
and the kidney of WT and B2KO mice submitted to both diets.
The values are normalized against actin and expressed as
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2–ΔΔCt. Each value represents mean ± SEM of four to five
experiments.
Figure S5 Maximal increase of mean arterial pressure (MAP)
in anaesthetized WT and B2KO mice in response to ET-1
(0.1 mg·kg−1, i.v.), following pretreatment with either vehicle

(4% DMSO in PBS) or BQ123 (2 mg·kg−1, i.v.). n = 4–6. **P <
0.01, ***P < 0.001 versus vehicle.
Table S1 Urinary volume, urinary excretion and plasmatic
concentration of Na+ and K+ from mice either on ND or HSD
for 18 weeks.
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