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Abstract

We tested the effect of selective endothelin ET, receptor blockade on the development renal damage in the Sabra rat model of genetic salt-
sensitivity. Animals from the salt-sensitive (SBH/y) and salt-resistant strains (SBN/y) were either salt-loaded with deoxycorticosterone
acetate and salt (DOCA) or fed a normal diet. Additional salt-loaded groups were also treated with the selective ET, antagonist darusentan
(DA). Salt-loading in SBH/y increased systolic blood pressure by 75 mm Hg and urinary albumin excretion 23-fold ( £ <0.0001). Darusentan
attenuated the rise of systolic blood pressure (50%) and urinary albumin excretion (63%, P<0.01, respectively). Salt-loading in SBH/y was
associated with significant increased osteopontin mRNA expression as well as glomerulosclerosis and tubulointerstitial damage in the kidney
(P<0.05, respectively). This was either significantly reduced or normalized by darusentan ( P <0.05, respectively). Thus, darusentan confers
a significant renal protection in the Sabra model of salt-sensitive hypertension.
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1. Introduction

It has recently been demonstrated that salt-sensitive
hypertension develops in response to high salt-intake and
treatment with deoxycorticosterone acetate (DOCA) in rats
and mice that are deficient for endothelin ETy receptors
(Ohuchi et al., 2000). These data, as well as recent in vitro
studies (Gilmore et al., 2001; Gallego and Ling, 1996),
suggest that endothelin-1 is able through its action on ETg
receptors to maintain normal arterial pressure during salt-
loading. This is possibly mediated by tonic inhibition of the
epithelial sodium channel in the cortical collecting duct and
subsequently by a decrease in sodium reabsorption. In con-
trast, activation of endothelin ET, receptors may contribute
to the development of salt-sensitive hypertension, allegedly
by inducing sodium reabsorption through activation of the
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epithelial sodium channel (Ohuchi et al., 2000). Conse-
quently, selective ET-blockade may be useful in the treat-
ment of hypertension and in preventing target organ damage
not only by inhibiting vasoconstriction and the proliferative
properties of endothelin-1, but also through its effects on
renal sodium handling (Schiffrin, 1999; Pollock, 2000).
The Sabra rat model of salt-susceptibility represents a
powerful genetically derived animal model to study salt-
sensitive hypertension and related target organ damage (Yagil
et al., 1996). While the salt-sensitive SBH/y strain develops
significant hypertension and target organ damage during salt-
loading with DOCA-salt, the reference salt-resistant SBN/y
strain maintains normal blood pressure during this treatment.
In addition, during salt-loading SBH/y develops renal injury,
whereas the kidney in SBN/y remains unaffected. In a
recently published study we reported that endothelin ETy
receptor blockade has an antihypertensive effect in DOCA-
salt treated SBH/y and prevents left ventricular hypertrophy
and dysfunction (Rothermund et al., 2002). In the current
study the same cohort was used to test the hypothesis that the
selective endothelin ET, receptor antagonists darusentan
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(DA; Nakov et al., 2002) confers resistance to the develop-
ment of target organ damage in the kidney during salt-loading
in the salt-sensitive SBH/y strain.

2. Materials and methods
2.1. Animals and experimental design

Male SBH/y and SBN/y were obtained from our colony
at the Barzilai Medical Center campus of the Ben-Gurion
University in Israel (Yagil et al., 1996). Rats were randomly
assigned to experimental groups at the age of 8 weeks.
Animals were either sham operated and fed standard rat
chow (SSNIFF, Soest, Germany) and provided tap water ad
libitum (groups SBN/y and SBH/y, respectively) or salt-
loaded by subcutaneous implantation of a 75-mg sustained
release deoxycorticosterone-acetate (DOCA) pellet (Innova-
tive Research, Tampa, FL, USA) and providing 1% NaCl as
drinking water for 8 weeks (groups SBN/y-DOCA and
SBH/y-DOCA) (Rothermund et al., 2002). Two additional
groups of salt loaded animals were treated for 8 weeks
orally with 50 mg kg~ ' day ™' of the selective endothelin
ETA receptor antagonist darusentan (DA; SBN/y-DOCA-
DA and SBH/y-DOCA-DA; Abbott, Ludwigshafen, Ger-
many), which was mixed in standard rat chow (Rothermund
et al., 2002).

2.2. Blood pressure measurement

Systolic blood pressure was measured in awake rats with
a computer-controlled non-invasive blood pressure monitor-
ing system applying the tail-cuff method (TSE, Bad Hom-
burg, Germany). Systolic blood pressure was determined 8
weeks after initiation of the experimental protocol as
reported (Kreutz et al., 2000; Rothermund et al., 2002).

2.3. Urine and biochemical analysis

Urine was collected in metabolic cages and assayed for
sodium, albumin and endothelin-1 concentration, allowing
calculation of 24 h urinary albumin excretion, sodium and
endothelin-1 excretion. Urinary albumin excretion was deter-
mined by enzyme-linked immunosorbent assay (ELISA;
Kreutz et al., 2000) using a rat specific antibody (ICN
Biomedicals, Eschwege, Germany). Urinary sodium was
determined by a standard technique. Urinary endothelin-1
concentration was measured using a commercially available
ELISA for endothelin-1 (Immundiagnostik, Bensheim, Ger-
many), suitable for direct measurement of endothelin-1 in the
urine (Rothermund et al., 2001).

2.4. Organ preparation and analysis

Animals were sacrificed at the age of 16 weeks, while
under pentobarbital anesthesia. Blood was drawn from the

aorta. The kidneys were rapidly excised, rinsed in a 0.9%
NaCl solution, blotted dry, and weighed. A mid-coronal
section of the left kidney was immersed in Dubosq-Brasil
solution and embedded in paraffin for histologic studies.
The remaining tissues were immediately frozen in liquid
nitrogen and stored at — 80 °C until further analysis.

2.5. Morphological studies of the kidney

After embedding in paraffin, the kidneys were cut into 3
pum sections and stained with periodic acid Schiff (PAS),
followed by hematoxylin counterstaining. Glomerular injury
was assessed using the glomerulosclerosis index and tubu-
lointerstitial changes, including tubular atrophy, dilation,
casts, interstitial inflammation, and fibrosis, were assessed
using the tubulointerstitial damage index with a semiquan-
titative scoring system as previously reported (Rothermund
et al., 2001).

2.6. Osteopontin mRNA analysis

Osteopontin expression in the kidney was determined by
Northern blot analysis. A 735 bp spanning cDNA fragment
was generated by reverse transcription (RT)-PCR using the
following primers: sense 5 CTG TTC GGC CTT GCC TCC
TGT CTC 3’ and antisense 5 TGC ATC CGG CTT CTC
GGC ACT ATC 3 (based on the reported sequence Gen-
Bank accession number M14656) as previously reported.
Northern blot analysis was performed as described (Kreutz
et al., 1997).

2.7. Binding assays for endothelin ET,; and ETy receptors

To analyze the renal expression of the two endothelin
ET, and ETg receptor subtypes, binding assays were
performed in the presence or absence of the subtype-specific
endothelin receptor ligands (Rothermund et al., 2001).

2.8. Statistics

Data are expressed as mean = S.E.M. Statistical anal-
ysis was performed using two-way analysis of variance
(ANOVA) followed by Bonferroni’s adjustment and by
Mann—Whitney U-test. Analysis of correlation was per-
formed using the Pearson’s coefficient. Differences were
considered significant at the level of P<0.05.

3. Results
3.1. Body and kidney weights

Body weight as well as relative kidney weights in
relation to body weight at 16 weeks of age are presented

in Table 1, respectively. Kidney weight of untreated SBN/y
and SBH/y was similar. Salt-loading increased kidney
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Table 1

Body and kidney weights

Experimental group BW (g) KBW !'(mgg "
SBN/y 328+54 2.4+0.03
SBN/y-DOCA 319+£5.0 2.6 £0.05"
SBN/y-DOCA-DA 345+6.9 2.740.08

SBH/y 359+3.1 2.6+0.07"
SBH/y-DOCA 340+ 8.9 3.0+£0.08
SBH/y-DOCA-DA 377 +7.4° 3.2+0.06°

BW, body weight; K BW™ !, normalized kidney weight; SBN/y, salt-
resistant Sabra rat strain; SBH/y, salt-sensitive Sabra rat strain; DOCA,
deoxycorticosterone-acetate; DA, darusentan, selective endothelin ET,
receptor antagonist; n=8-15 in each group.

?P<0.05 vs. SBH/y-DOCA.

® P<0.001 vs. SBH/Yy.

weight in both strains, and this effect was not prevented by
endothelin ET, receptor blockade.

3.2. Blood pressure

Systolic blood pressure is shown in Fig. 1 (panel A).
Salt-loading for 8 weeks increased systolic blood pressure
in SBH/y-DOCA by 75 mm Hg to a level that was
significantly above that in SBN/y-DOCA (P<0.01) or in
untreated SBH/y (P<0.001). Darusentan attenuated the
blood pressure increase in response to salt-loading in the
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Fig. 1. (A) Systolic blood pressure; (B) Urinary albumin excretion; SBN/y,
salt-resistant Sabra rat strain; SBH/y, salt-sensitive Sabra rat strain; DOCA,
deoxycorticosterone-acetate; DA, darusentan, selective endothelin ET,
receptor antagonist; n=8—15 in each group; *P<0.05 vs. SBH/y DOCA.
#P<0.05 vs. SBH/y.

SBH/y-DOCA-DA group by 50% (P <0.001), but systolic
blood pressure was still elevated compared to untreated
SBH/y (P<0.0001).

3.3. Urinary albumin excretion

The data are shown in Fig. 1 (panel B). Urinary
albumin excretion paralleled the blood pressure findings.
Analysis of variance revealed a significant effect of strain,
salt-loading and endothelin ET, receptor blockade on
urinary albumin excretion (P <0.005). Salt-loading in
SBH/y-DOCA increased urinary albumin excretion 23-fold
compared to untreated SBH/y, and also compared to SBN/
y-DOCA (P<0.0001). Treatment with darusentan in SBH/
y-DOCA-DA was associated with a 63% reduction in
urinary albumin excretion compared to SBH/y-DOCA
(P<0.05), but urinary albumin excretion was still elevated
compared to untreated SBH/y (P<0.01).

3.4. Urinary sodium and endothelin-1 excretion

Urinary sodium and endothelin-1 excretion are pre-
sented in Fig. 2. DOCA treatment caused a significant
and similar increase in urinary sodium excretion and
endothelin-1 excretion (P<0.05 and P<0.0001, respec-
tively) in both strains, which was not affected by ET,

blockade.
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Fig. 2. (A) Urinary sodium excretion; (B) Urinary endothelin-1 excretion.
SBN/y, salt-resistant Sabra rat strain; SBH/y, salt-sensitive Sabra rat strain;
DOCA, deoxycorticosterone-acetate; DA, darusentan, selective endothelin
ET, receptor antagonist; n=8—15 in each group; *P<0.05 vs. SBN/y.
#P<0.05 vs. SBH/y.
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3.5. Glomerulosclerosis and tubulointerstitial damage
indices

The glomerulosclerosis index and tubulointerstitial dam-
age index data are shown in Fig. 3 (panels A and B,
respectively). Glomerulosclerosis index and tubulointersti-
tial damage index scores were similar in untreated SBN/y,
SBH/y and salt-loaded SBN/y without and with treatment
with darusentan (SBN/y-DOCA and SBN/y-DOCA-DA).
After salt-loading, glomerulosclerosis index and tubuloin-
terstitial damage index were significantly higher in SBH/y-
DOCA compared to SBN-DOCA. ET-A blockade with
darusentan reduced glomerulosclerosis index and tubuloin-
terstitial damage index in SBH/y-DOCA-DA compared to
SBH/y-DOCA (P <0.05), normalizing thereby to levels that
were not different from SBN/y or SBH/y.
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Fig. 3. (A) Glomerulosclerosis index; (B) Tubulointerstitial damage index;
(C) Osteopontin mRNA expression. SBN/y, salt-resistant Sabra rat strain;
SBH/y, salt sensitive-Sabra rat strain; DOCA, deoxycorticosterone-acetate;
DA, darusentan, selective endothelin ET, receptor antagonist; n=8—15 in
each group; *P<0.05 vs. SBH/y DOCA. P<0.05 vs. SBH/y.
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Fig. 4. (A) Endothelin ETA receptor density; (B) Endothelin ETg receptor
densitiy; (C) Endothelin ETA/ETy receptor ratio. SBN/y, salt-resistant Sabra
rat strain; SBH/y, salt-sensitive Sabra rat strain; DOCA, deoxycorticoster-
one-acetate; n=6—7 in each group; *P<0.05 vs. SBH/y DOCA.

3.6. Renal osteopontin mRNA expression

The data for renal osteopontin expression are shown in
Fig. 3 (panel C). Renal osteopontin mRNA expression was
higher in untreated SBH/y than in SBN/y (P<0.01). Salt-
loading in SBN/y-DOCA and SBH/y-DOCA increased the
expression further within each strain (P<0.01) and accen-
tuated thereby the differences between the strains. Treatment
with darusentan had no effect on osteopontin mRNA
expression in SBN/y-DOCA-DA when compared to SBN/
y-DOCA but was associated with a 37% reduction of this
response in SBH/y-DOCA-DA compared to SBH/y-DOCA
(P<0.01).

3.7. Endothelin ET, and ETg receptor binding in the kidney
Data for kidney endothelin receptor binding are pre-

sented in Fig. 4 and Table 2. Endothelin ET, receptor
density was significantly higher in SBH/y-DOCA compared
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Table 2
Endothelin ET, and ETg receptor affinity (Ky) in the kidney

Endothelin ETy Endothelin ETg

Experimental

group receptor binding receptor binding
affinity [K4] (nmol/l) affinity [Ky] (nmol/l)

SBN/y 0.46 + 0.03 0.61 +0.06"

SBN/y-DOCA 0.54+0.12 0.77+0.14

SBH/y 0.39 + 0.06 0.32+0.04

SBH/y-DOCA 0.53 +0.07 0.67 + 0.06"

Ky, dissociation constant; SBN/y, salt-resistant Sabra rat strain; SBH/y, salt-
sensitive Sabra rat strain;, DOCA, deoxycorticosterone-acetate; n=6—7 in
each group.

P<0.01 vs. SBH/y.

to SBN/y-DOCA (P <0.05), but no difference in endothelin
ETp receptor density was observed between these two
groups. Endothelin ETA/ETjg receptor ratio was significantly
increased in SBH/y-DOCA compared to SBN/y-DOCA and
in SBH/y-DOCA compared to untreated SBH/y (P <0.05,
respectively). No significant difference in endothelin ET,
receptor affinity was observed between the two strains or in
response to DOCA (Table 2). Under normal dietary con-
ditions, SBH/y showed a significantly higher endothelin
ETg receptor affinity compared to SBN/y (P<0.01), while
affinity was similar between SBH/y-DOCA and SBN/y-
DOCA, due to a significant decrease in endothelin ETg
receptor affinity in the SBH/y strain in response to DOCA
salt treatment (P <0.01).

4. Discussion

The main aim of the present study was to test the
hypothesis that pharmacological blockade of the endothelin
ET, receptor can attenuate the development of renal injury
in the Sabra rat model of salt-sensitive genetic hypertension.
This experimental model provides a powerful tool for the
dissection between the effects of hypertension and salt-
loading on target organ damage, since the SBN/y strain
maintains normal blood pressure during salt-loading (Yagil
et al., 1998; Crackower et al., 2002).

A case in point represents the current finding on urinary
endothelin-1 excretion. In both groups that were salt-loaded
(SBN/y-DOCA and SBH/y-DOCA), a significant increase
in urinary endothelin-1 excretion occurred. This finding is
in agreement with previous studies that have also demon-
strated increased renal endothelin-1 content or urinary
endothelin-1 excretion after salt-loading (Rothermund et
al., 2001; Fujita et al., 1996). Interestingly, the data
observed in SBN/y-DOCA animals clearly demonstrate that
the increase in urinary endothelin-1 excretion is primarily
due to salt-loading rather than to elevations in systolic
blood pressure and urinary albumin excretion or renal
damage. Thus, increased urinary endothelin-1 excretion
per se does not appear to be associated with structural or
functional renal changes. Therefore, salt-sensitivity of arte-

rial hypertension and susceptibility to renal organ damage
in the SBH/y strain must be attributable to mechanisms that
are either independent or down-stream from renal endothe-
lin-1 biosynthesis.

The increases of systolic blood pressure and renal target
organ damage in SBH/y-DOCA are in keeping with recent
studies, which report similar findings in other models of
salt-sensitive hypertension (Kassab et al., 1998; Orth et al.,
1998; Blezer et al., 1999; Matsumura et al., 1999; Schiffrin,
1999; Barton et al., 2000). In contrast to SBH/y-DOCA, no
elevation in systolic blood pressure or any significant
changes in glomerulosclerosis index, tubulointerstitial dam-
age index, or urinary albumin excretion were observed in
SBN/y-DOCA salt, indicating resistance towards the devel-
opment of salt-sensitive hypertension and renal organ dam-
age in the SBN/y strain.

As a parameter for renal inflammatory status we deter-
mined renal osteopontin mRNA expression. Osteopontin is
a glycoprotein containing an adhesive arginine-glycine-
aspartic acid sequence and acts as adhesion molecule as
well as a macrophage chemotactic (Xie et al., 2001).
Osteopontin has been shown to play a role in tubulointer-
stitial injury in several kidney disease models (Xie et al.,
2001). After chronic angiotensin II infusion osteopontin
upregulation has been demonstrated primarily in epithelial
cells of the distal tubules, collecting duct and Bowman’s
capsule, which correlated with sites of monocyte/macro-
phage accumulation (Giachelli et al., 1994). We observed
already a basal difference in renal osteopontin mRNA
expression levels between the salt-resistant and the salt-
sensitive strain. Osteopontin mRNA expression was 2.5-
fold higher in SBH/y compared to SBN/y. Moreover, we
found a significant increase in both strains after DOCA
treatment. Overall, renal osteopontin expression appeared
to parallel the extent of tubulointerstitial damage index
(panel B and C in Fig. 3). This finding is in agreement
with the observation of a significant correlation between
renal osteopontin expression and blood pressure in a rat
model of salt-sensitive hypertension in response to phenyl-
ephrine infusion (Johnson et al., 1999). Although the
strong increase in renal osteopontin expression in response
to DOCA salt in SBH/y animals was significantly dimin-
ished during treatment with darusentan, osteopontin
mRNA levels were still elevated compared to SBH/y under
normal diet. Our finding that osteopontin expression is
already upregulated in SBH/y and parallels the extent of
tubulointerstitial damage points to a link between osteo-
pontin, tubulointerstitial damage index and the genetic
susceptibility to develop salt-sensitive hypertension. A
recently published study observed increased renal osteo-
pontin expression in a model of renal injury induced by
chronic hypokalemia (Suga et al., 2001) and chronic
treatment of DOCA-salt in the Sabra rat is known to
induce hypokalemia (Weinstock et al., 1984). Thus, hypo-
kalemia could play a role in the induction of renal damage
in the SBH/y-DOCA animals.
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As reported previously, darusentan exhibited a consid-
erable antihypertensive effect in salt-loaded SBH/y animals
treated with this compound (Rothermund et al., 2002). This
antihypertensive effect was paralleled by a similar decrease
in urinary albumin excretion. The observed blood pressure-
lowering and nephroprotective effect produced by endothe-
lin ET4 receptor blockade is in agreement with other reports
(Kassab et al., 1998; Orth et al., 1998; Blezer et al., 1999;
Matsumura et al., 1999; Schiffrin, 1999; Barton et al., 2000,
Pollock et al., 2000), but at variance with a short term study
conducted for 3 weeks that showed only a temporary de-
crease of blood pressure in DOCA salt-loaded Sprague—
Dawley rats after treatment with the endothelin ET, receptor
antagonist A-127722 (Pollock et al., 2000). This negative
findings by Pollock et al. (2000) might be dependent on
dose, time of initiation of treatment and possibly affinity of
the endothelin ET, receptor antagonist to the endothelin
receptors. More interestingly, in rat models of nitric oxide
synthase inhibition and two-kidney-one-clip hypertension
endothelin ET, receptor blockade exhibited only minor
antihypertensive effects, although renal protection was
present (Fujita et al., 1995; Verhagen et al., 1998). There-
fore, it seems to be appropriate to distinguish between blood
pressure independent nephroprotective effects and nephro-
protection associated with antihypertensive effects of endo-
thelin receptor antagonism in salt-sensitive forms of hyper-
tension.

There is strong evidence that the blood pressure inde-
pendent nephroprotective effects of endothelin receptor
antagonism is mainly due to antinflammatory properties
(for review, see Benigni et al., 2001). Proteins filtered in
excessive amounts are reabsorbed by proximal tubular cells,
leading to the upregulation of endothelin-1 in the interstitial
compartment. Endothelin-1 binds to interstitial fibroblast
receptors and interstitial fibroblasts are challenged by endo-
thelin-1 proliferate and generate extracellular matrix. More-
over, endothelin-1 is chemotactic for blood monocytes and
challenges them to secrete proinflammatory cytokines and
growth factors, such as transforming growth factor beta,
which contribute to interstitial remodeling (Benigni et al.,
2001).

Nephroprotection associated with antihypertensive ef-
fects of endothelin receptor antagonism in salt-sensitive
hypertension seem to be related to other pathomechanisms.
In the DOCA-salt hypertensive rat model experimental
evidence indicates that the endothelin ETg receptor may
serve to maintain lower arterial pressure (Pollock, 2000), a
finding which was confirmed by data obtained from ETB
receptor-deficient rats. In these endothelin ETg receptor
deficient animals a hypertensive phenotype developed only
after salt-loading (Gariepy et al., 2000; Matsumura et al.,
2000). This form of hypertension was completely amelio-
rated by amiloride, a highly selective inhibitor of the
epithelial sodium channel in the distal nephron (Gariepy et
al., 2000). The most likely explanation for these findings is
derived from previous in vitro studies in distal nephron cells

showing that endothelin-1 is capable of either inhibiting the
epithelial sodium channel via the endothelin ETg receptor or
of stimulating the epithelial sodium channel via the endo-
thelin ET4 receptor (Gallego and Ling, 1996).

Manifestation of salt-sensitive hypertension and target
organ damage in SBH/y-DOCA is characterized by an
increased renal endothelin ETA/ETg receptor ratio (Fig. 4,
panel C). This finding is in agreement to a recently
published study, in which the renal endothelin-system was
stimulated in the salt-sensitive model of spontaneous hyper-
tension of stroke-prone spontaneously hypertensive rats
after uninephrectomy and salt-loading, but not in salt-
resistant spontaneously hypertensive rats due to unineph-
rectomy and salt-loading (Rothermund et al., 2001). The
pathophysiological relevance of renal endothelin ETA/ETg
receptor disbalance may be further amplified by a reduced
endothelin ETg receptor affinity in SBH/y-DOCA salt
compared with SBH/y rats, a finding that was also reported
for SHRSP-NX-NaCl animals (Rothermund et al., 2001).
The present study is the first to show that mineralocorticoid
dependent hypertension is related to the status of endothelin
ETA/ETg receptor balance. SBN/y-DOCA salt animals with
a unchanged endothelin ETA/ETy receptor ratio are normo-
tensive, without functional or structural kidney damage,
whereas SBH/y-DOCA salt treated rats with an elevated
endothelin ETA/ETg receptor ratio develop arterial hyper-
tension and renal failure.

Taken together, we conclude that with an increased
endothelin ET,/ETg receptor ratio rather than an increased
urinary endothelin-1 excretion contributes to a higher
susceptibility to development of DOCA-salt hypertension
and kidney damage in SBH/y as compared to SBN/y strain.
A possible mechanism is impairment of urinary sodium
excretion via stimulation of the epithelial sodium channel.
A genetic difference in the regulation of endothelin recep-
tors appears to be possible. Our recent genetic linkage
studies have identified several blood pressure quantitative
loci in the rat genome that account for this phenotype in the
SBH/y rat model (Yagil et al., 1998, 1999). In addition,
based on chromosomal positional analysis the genes encod-
ing ETA and ETy receptors and the genes involved in the
biosynthesis of endothelins can be excluded as candidate
genes for the genetic susceptibility to develop salt-sensitive
hypertension in the SBH/y rat model. Moreover, a role of
the alpha-, beta-, and gamma-subunit of the epithelial
sodium channel are also unlikely to be responsible (Grun-
der et al., 1997). Thus, it appears of interest to determine as
to how the endothelin system is related to the primary, i.e.
genetic, susceptibility to develop salt-sensitivity in the
SBH/y strain. The elucidation of the mechanisms involved
and comparative genomic analysis between the rat and
human genome (http://rgd.mcw.edu/) may provide new
insights for the development of pharmacogenetic treatment
strategies utilizing ET, antagonists such as darusentan for
the treatment of salt-sensitive hypertension and target-organ
damage.
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Although the genetic mechanisms responsible to confer
hypertension and renal organ damage in the salt-sensitive
Sabra rat strain are still unknown, the current study clearly
demonstrates a pronounced renal protection against both
functional, e.g. albuminuria, and structural renal tissue
damage effect.
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