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Abstract
Salt-sensitive hypertension leads to kidney injury. The Dahl salt-sensitive hypertensive rat (Dahl
SS) is a model of salt-sensitive hypertension and progressive kidney injury. The current set of
experimental studies evaluated the kidney protective potential of a novel epoxyecosatrienoic acid
analog (EET-B) in Dahl SS hypertension. Dahl SS rats receiving high salt diet were treated with
EET-B (10 mg/kg/d) or vehicle in drinking water for 14 days. Urine, plasma, and tissue samples
were collected at the end of the treatment protocol to assess kidney injury, oxidative stress,
inflammation, and endoplasmic reticulum stress. EET-B treatment in Dahl SS rats markedly
reduced urinary albumin and nephrin excretion by 60–75% along with 30–60% reductions in
glomerular injury, intra-tubular cast formation and kidney fibrosis without affecting blood
pressure. In Dahl SS rats, EET-B treatment further caused marked reduction in oxidative stress
with 25–30% decrease in kidney malondialdehyde content along with 42% increase of nitrate/
nitrite and a 40% reduction of 8-isoprostane. EET-B treatment reduced urinary monocyte
chemoattractant protein-1 by 50% along with a 40% reduction in macrophage infiltration in the
kidney. Treatment with EET-B markedly reduced renal endoplasmic reticulum (ER) stress in Dahl
SS rats with reduction in the kidney mRNA expressions and immunoreactivity of glucose
regulatory protein 78 and C/EBP homologous protein. In summary, these experimental findings
reveal that EET-B provides kidney protection in Dahl SS rats by reducing oxidative stress,
inflammation and ER stress, and this protection was independent of reducing blood pressure.
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INTRODUCTION
A substantial proportion of individuals with hypertension in industrialized countries
consume high amounts of salt, and approximately 50% of individuals with essential
hypertension are salt-sensitive, which is accompanied by progressive renal damage.1–4 The
underlying mechanism of salt-sensitive hypertension and the associated renal injury is not
yet clearly known, however, it is believed to be strongly associated with elevated oxidative
stress and inflammation.5–7

A number of studies demonstrated that arachidonic acid metabolites of cytochrome P450
(CYP) epoxygenase, epoxyeicosatrienoic acids (EETs), possess anti-inflammatory and anti-
oxidative activities providing strong organ protection in a number of pathologies including
salt-sensitive hypertension.8–10 Inhibition of soluble epoxide hydrolase (sEH, Ephx2), which
hydrolyzes EETs to their less biologically active dihydroxyeicosatrienoic acid metabolite,
increases EETs bioavailability and provides kidney protection in a number of preclinical
rodent models of human disease.11–13 These studies have clearly demonstrated that the
kidney protection achieved by pharmacological inhibition of sEH or genetic disruption of
Ephx2 is strongly associated with the anti-oxidative and anti-inflammatory effects of
EETs.13,14

Due to promising biological actions of EETs in a number of preclinical disease models,
interest in developing EET-based therapeutic strategies has grown enormously, and that
inspired the development of sEH inhibitors. Since sEH metabolizes EETs to their less active
diols, sEH inhibition, in principle, indirectly increases endogenous EET levels. But the
major limitations of sEH inhibitors are that they result in a generalized increase in EETs and
that their therapeutic effectiveness depends on CYP epoxygenase-mediated EET
generation.9,10 This is an important limitation because renal and cardiovascular diseases are
associated with impaired epoxygenase generation of EETs.8–10 Thus, if CYP epoxygenase
mediated EET generation is impaired in a pathological condition then sEH inhibition will
have a negligible effect to increase EET levels. It is further known that endogenously
produced EETs are chemically and metabolically labile that could limit their therapeutic
potential.15,16 As such, attempts have been made to develop EET analogs that possess EET-
mimetic activity along with several key features important for stability and
bioavailability.17,18 Several recently developed EET analogs have demonstrated a number of
biological actions including organ protection.9,18 Although demonstrating great potential for
organ protection, these previously developed EET analogs could not be administered orally.

In the present study, we have investigated the kidney protective effect of a novel orally
active EET analog in a widely used model of salt-sensitive hypertension, the Dahl salt-
sensitive (Dahl SS) rat. The Dahl SS rat has been widely used to delineate the molecular
mechanisms underlying the development of salt-sensitive hypertension, and to evaluate the
efficacy of pharmacologic interventions to lower blood pressure and prevent progressive
kidney injury.19,20 In the current study, we determined that a novel orally active EET analog
provides marked kidney protection in Dahl SS rats without affecting blood pressure.
Experimental studies provide additional evidence that the kidney protective effects of the
EET analog were associated with its anti-oxidative, anti-inflammatory and anti-endoplasmic
reticulum (ER) stress properties.

MATERIALS AND METHODS
Materials

All chemicals were purchased from Sigma (Sigma-Aldrich, St. Louis, MO, USA) unless and
otherwise mentioned. EET analog, EET-B [(N-(5-((2-acetamidobenzo[d]thiazol-4-yl)oxy)
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pentyl)-N-isopropylheptanamide)] was synthesized in the laboratory of J.R. Falck. The
structure of EET-B provided in Fig 1A and the detail description of chemical synthesis
process of EET-B has been described elsewhere.21 The EET antagonist, 14,15-EEZE
[14,15-epoxyeicosa-5(Z)-enoic acid], was also synthesized in the laboratory of J.R.
Falck.22,23

Animals
The Medical College of Wisconsin Institutional Animal Care and Use Committee according
to the National Institutes of Health Guidelines for care and use of laboratory animals
approved all animal studies. Male C57BL/6 mice (20–35g) purchased from Charles River
Laboratories (Wilmington, MA, USA) were used for vascular reactivity studies. Mice were
housed in the Biomedical Resource Center at the Medical College of Wisconsin with a 12
hour light-dark cycle and free access to water and food. In order to determine the kidney
protective and anti-hypertensive effect of EET analog in salt-sensitive hypertension, sets of
6–8 week-old male Dahl Salt sensitive or Dahl/SS (SS/JrHsdMcwiCrl) and SSBN13 rat (SS-
Chr13BN/McwiCrl) were purchased from Charles River Laboratories. Rats were housed in
the Biomedical Resource Center at the Medical College of Wisconsin with a 12 hour light-
dark cycle and free access to water and all animals were given a high salt diet containing 8%
NaCl starting on day 0 of the experimental protocol (Harlan Teklad, Madison, WI, USA).
Experimental studies were divided into the following groups: Group 1 - SS13BN rats;
Group2 - Dahl SS rats administered vehicle (0.05% ethanol and 0.1% PEG-400) in drinking
water ad libitum for two weeks; Group 3 -Dahl SS rats administered EET analog EET-B at a
dosage of 10mg/kg/d in drinking water ad libitum for two weeks. The dose of EET-B is
selected from earlier studies with EET analogs carried out in our laboratory.24,25

Rats were trained for tail-cuff plethysmographic measurement of blood pressure for 5 days
before the actual measurement of systolic blood pressure (SBP) on day 0, 7, and 14 of the
treatment protocol. On day 0, 7 and 14, SBP was measured exactly at the same time of the
day (9–10 am) in every occasion.

Vascular Reactivity
The vasodilator property of EET-B was determined in isolated mesenteric resistance arteries
in the absence and presence of EET antagonist 14,15-EEZE. Please see the online
supplement at http://hyper.ahajournals.org for the details of the vascular reactivity study.

Biochemical Analysis
At the end of the 14-day experimental period, urine, plasma and kidney tissue samples were
collected for biochemical analysis. A number of renal injury markers along with markers of
oxidative stress, inflammation and ER stress were studied. Please see the on-line supplement
at http://hyper.ahajournals.org for the details of the biochemical analysis.

Kidney Histology and Immunohistochemical Analysis
Histology and immunohistochemical analysis were carried out using protocols provided by
the manufacturer and our earlier published studies.19,20,25,26 Please see the on-line
supplement at http://hyper.ahajournals.org for the details of the histological and
immunohistochemical analysis.

Real-Time PCR Analyses
Real-Time PCR analysis was carried out to assess the mRNA expression of inflammatory
(TGF-β1) and ER stress (GRP78 and CHOP) markers. Please see the on-line supplement at
http://hyper.ahajournals.org for the details of the real-time PCR analysis.
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Endothelial Cell Culture Studies
Human umbilical vein endothelial cells (HUVEC) were used to determine the anti-
inflammatory activity of EET-B in the absence and presence of EET antagonist 14,15-
EEZE. Please see the online supplement at http://hyper.ahajournals.org for the detailed
methods.

Na+ Transport Studies
The effect of EET-B on sodium (Na+) transport was determined by studying its action on
trans-epithelial Na+ current in immortalized mouse cortical collecting duct (mpkCCDc14)
principal cells. Please see the on-line supplement at http://hyper.ahajournals.org for the
detailed methods.

Statistical Analysis
Data are expressed as mean ± SE and were analyzed using one-way ANOVA followed by
Tukey’s post-hoc test for multiple group comparisons using Prizm version 4.0 software by
GraphPad Software Inc. (La Jolla, CA, USA). Statistical significance was assumed at
p<0.05.

RESULTS
EET-B vasodilatory and anti-inflammatory actions are blocked by EET antagonism

Mesenteric resistance artery dilation to EET-B was assessed in the presence and absence of
EET antagonist, 14,15-EEZE. Mesenteric resistance artery diameter was not different
between experimental groups averaging 161±25 and 142±33 μm. EET-B resulted in a
concentration dependent mesenteric resistance artery dilation reaching a maximum dilation
of 42±2%. The EET antagonist, 14,15-EEZE abolished the EET-B mediated dilation of the
mesenteric resistance (Fig 1B). Vasodilation to the nitric oxide donor, sodium nitroprusside
(100μM) was similar in the absence (54±10%) or in the presence of 14,15-EEZE (59±11%).

In order to provide further evidence that EET-B is acting as an EET analog, we determined
the anti-inflammatory activity of EET-B in cultured endothelial cells. EET-B significantly
reduced the increase in endothelial cell monocyte chemoattractant protein-1 (MCP-1) levels
evoked by TNF-α. The ability of EET-B to reduce endothelial cell MCP-1 levels was
abolished by the presence of 14,15-EEZE (Fig S1).

EET-B treatment did not lower blood pressure in Dahl SS rats
Baseline systolic blood pressures (SBP) of Dahl SS (119±2 mmHg) and SSBN13 (112±2
mmHg) were similar at day 0. Dahl SS rats receiving high salt diet developed hypertension
by day 7 with significantly higher SBP compared to SSBN13 rats (172±14 vs. 128±9
mmHg) and remained elevated on day14 (184±9 vs. 131±8 mmHg). EET-B treatment did
not lower SBP in Dahl SS rats on day 7 (163±14 mmHg) or 14 day (183±4 mmHg). Urine
volume averaged 70±10 in SSBN13, 61±8 in Dahl SS, and 60±5 mL/d in Dahl SS + EET-B
on day 14. EET-B treatment did not alter sodium excretion in Dahl SS rats with urinary
sodium excretion averaging 28±7 in SSBN13, 15±3 in Dahl SS, and 16±1 mmol/d in Dahl
SS + EET-B groups. In relation to these findings, experiments were conducted to determine
the effect of EET-B on sodium transport using isolated cortical collecting duct cells. EET-B
did not significantly reduce the short-circuit current (Isc) in mpkCCDc14 principal cells,
hence, indicating that EET-B did not alter trans-epithelial sodium transport (Fig S2).
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EET-B treatment reduced kidney injury in Dahl SS rats
Dahl SS rats had marked kidney injury with 5-fold increase in urinary albumin to creatinine
ratio (ACR) along with tubular injury manifested by vacuolation and desquamation of the
renal epithelial cells along with intra-tubular proteinaceous cast formation involving 3 and
10% of the kidney cortical and medullary regions, respectively. EET-B treatment resulted in
marked reductions of ACR and tubular cast formation in Dahl SS rats (Fig 2A–C). In Dahl
SS rats, the kidney injury is also manifested by marked nephrinuria and the associated
glomerular injury. Treatment with EET-B resulted in significant reductions of both
nephrinuria and glomerular injury in Dahl SS rats (Fig 3A–C). The kidney protective effect
of the EET analog EET-B was further evident with its effect on the plasma creatinine (PCr)
and BUN levels. There was marked increase in PCr (3.0±0.6 vs. 1.5±0.2 mg/dL, p<0.05)
and BUN (53.4±6.0 vs. 36.6±2.0 mg/dL, p<0.05) levels in Dahl SS rats compared to
SSBN13 rats. EET-B treatment reduced both PCr (1.7±0.2 mg/dL) and BUN (32.0±2.0 mg/
dL) levels in Dahl SS rats (p<0.05).

EET-B treatment reduced renal inflammation in Dahl SS rats
Marked inflammation was observed in Dahl SS rats receiving high salt diet. In relation to
this, Dahl SS rats demonstrate 70% greater urinary excretion of MCP-1 compared to
SSBN13 rats. In parallel to elevated urinary MCP-1, Dahl SS rats also demonstrated 50–
65% greater infiltration of macrophages/monocytes in the kidney of these rats compared to
that in SSBN13 rats. Treatment with EET-B reduced inflammation in Dahl SS rats with
marked reduction in urinary MCP-1 (50%) and infiltration of macrophages in the renal
cortex (40%) and medulla (35%) of these rats (Fig 4A–D). In the present study, kidney T-
lymphocyte infiltration was determined and there was a 30% increase in T-lymphocyte
infiltration of T-lymphocytes in the kidney cortex of Dahl SS rats which was not
significantly reduced by EET-B treatment (Fig S3).

EET-B treatment reduced renal and cardiac fibrosis in Dahl SS rats
In this present study, we have also observed renal fibrosis in Dahl SS rats involving 5 and
14% of the kidney cortical and medullary regions, respectively. EET-B treatment reduced
renal fibrosis by 40–50% in cortical and medullary regions of the kidney of Dahl SS rats
(Fig 5A–C). In relation to renal fibrosis, we also observed marked elevation in the mRNA
expression of tumour growth factor-β (TGF-β) in the kidney of Dahl SS rats, and EET-B
treatment reduced this expression (Fig S4). In addition to renal fibrosis, Dahl SS rats had
increased cardiac fibrosis compared to SSBN13 rats and EET-B treatment markedly
attenuated this cardiac fibrosis in Dahl SS rats (Fig S5).

EET-B treatment reduced renal oxidative stress in Dahl SS rats
Dahl SS rats receiving high salt diet exhibited marked oxidative stress with 40–60%
elevated levels of malondialdehyde (MDA) in cortex and medulla of the kidney compared to
that of SSBN13 rats. EET-B treatment attenuated oxidative stress in Dahl SS rats with
marked reductions of renal cortical and medullary contents of MDA by 25 to 35% (Fig 6A–
B). The anti-oxidative effects of EET-B in Dahl SS rats was further observed in terms of a
significant 42% reduction in urinary 8-isoprostane excretion which was markedly elevated
in Dahl SS rats compared to SSBN13 rats (Fig 6C). Dahl SS rats exhibited marked reduction
in renal excretion of nitrate and nitrite, nitric oxide (NO) metabolites, compared to SSBN13
rats. EET-B treatment increased renal excretion of NO metabolites in Dahl SS rats by 40%
and further indicated anti-oxidant effect of EET-B in Dahl SS rats (Fig 6D).
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EET-B treatment reduced renal endoplasmic reticulum stress in Dahl SS rats
Apart from renal oxidative stress and inflammation, Dahl SS rats also exhibited marked
endoplasmic reticulum (ER) stress with elevated mRNA expression of ER stress markers,
GRP 78 and CHOP in the kidney. We found a 4.5-fold greater expression of GRP 78 and a
3.5-fold greater expression of CHOP mRNA in the kidney of Dahl SS rats compared to
SSBN13 rats (Fig 7A–B). In line with these observations on the renal mRNA expression of
GRP 78 and CHOP, we also found marked elevation in the immunoreactivity positive levels
for GRP 78 and CHOP in the kidney of Dahl SS rats compared to SSBN13 rats (Fig 7C).
Interestingly, treatment with EET-B markedly reduced renal ER stress in Dahl SS rats that
was evident from a 70–72% reduction in the renal mRNA expressions of GRP 78 and CHOP
along with reduced immunoreactivity of these ER stress markers in the kidney (Fig 7A–C).

DISCUSSION
There is strong evidence that EETs have the ability to protect organs by mechanisms
involving anti-inflammatory and anti-oxidative activities. Indeed, it has been demonstrated
that EETs provide organ protection in a number of pre-clinical rodent models of human
diseases including hypertension, diabetes, and ischemic cardiac injury.9–11,25,27,28 One
approach to target EET for combating diseases is the development of EET analogs that are
designed to resist metabolism and have improved bioavailability.15,16 Recently, we
developed a novel orally active EET analog, EET-B and determined its EET analog
property. We clearly demonstrate that EET-B is an EET analog because the EET antagonist
14,15-EEZE abolished EET-B mediated mesenteric resistance artery vasodilatation and the
anti-inflammatory activity of EET-B in cultured endothelial cells.

In several earlier studies, EET analogs have been demonstrated organ protection in a number
of experimental disease models.16,25,27,28 It is known that salt-sensitive hypertension in
human and experimental animal models have been associated with progressive kidney
damage leading to end-stage renal disease caused by elevated inflammation and oxidative
stress.20,29,30 Consequently, in the present study, we hypothesized that the novel orally
active EET analog, EET-B, with its strong organ protective activities, will ameliorate salt-
sensitive hypertension and the associated kidney injury. We utilized Dahl SS rats that serve
as an excellent model of salt-sensitive hypertension and the associated kidney injury
exhibiting many phenotypic characteristics common in human hypertension.31,32,33

We have demonstrated that EET-B provided strong kidney protection in salt-sensitive Dahl
SS rats, evidenced by reductions of a number of important and relevant kidney injury
markers. The renal protection is further evident from histopathological observations
including markedly reduced tubular cast formation and fibrosis in the kidney. In relation to
our findings in the present study, we have earlier demonstrated organ protective effects by
pharmacological and genetic manipulation of EET metabolic pathway in different
pathologies including hypertension. Pharmacological inhibition or genetic knockout of
soluble epoxide hydrolase enzyme (sEHi and Ephx2 KO) that catalyzes the conversion of
EETs to their diols have consistently been demonstrated to decrease kidney and heart
damage associated with hypertension and other cardiovascular diseases.9,11,12,14 In
particular, the kidney injury associated with hypertension is greatly attenuated by sEH
inhibition in different experimental models of hypertension and diabetes.11–14 One
limitation of sEH inhibitors are that they result in a generalized increase in EETs and their
biological effects depend on the generation of EETs by CYP epoxygenase enzymes. It is
further known that in pathological conditions, including that of Dahl SS rat, the endogenous
EET generation can be low due to decreased levels or activities of CYP epoxygenase
enzymes.10,34,35 The experimental findings of the present set of experiments provide
evidence that an EET analog decreases kidney injury in Dahl SS salt-sensitive hypertension.
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In the present study, we demonstrated that EET-B provided kidney protection in Dahl SS
rats and that this protection was independent of any change in blood pressure and sodium
excretion. Indeed, it is known that the Dahl SS rat is a genetic model of salt-dependent
hypertension that exhibits impaired sodium excretion, the hallmark of salt-sensitive
hypertension. It is also known that one mechanism by which EETs lower blood pressure is
via a natriuretic effect.35 It is important to note that the structure of EET-B is designed to
mimic 14,15-EET and 14,15-EET has been demonstrated to have variable effects on
epithelial sodium transport which is pivotal for EETs natriuretic effect.36,37,38 In relation to
this, in the present study we demonstrate that EET-B does not affect renal sodium excretion
in the Dahl SS rat and does not inhibit sodium transport in isolated mpkCCDc14 cells. Thus
despite the vasodilator, anti-oxidative, and anti-inflammatory effects of EET-B, the lack of
an EET-B effect on sodium transport could explain the inability of EET-B to lower blood
pressure in Dahl SS rat.

Similar to our findings in the present study, inhibitors of sEH, an important modulator of
CYP epoxygenase pathway, also demonstrated blood pressure independent kidney
protective actions. For example, experimental studies in type 2 diabetic rats receiving high-
salt diet along with angiotensin II hypertension demonstrated that sEH inhibition could
provide renal protection without lowering blood pressure.13 Therefore, it is highly plausible
that the kidney protective effect of EET-B is related to properties other than effects on blood
pressure. Indeed, our earlier experimental studies indicated that increased EET
bioavailability by sEH inhibition possesses strong anti-inflammatory and anti-oxidative
effects associated with its organ protective effects. For instance, pharmacological inhibition
of sEH in hypertensive Goto-Kakizaki rats and disruption of sEH gene, Ephx2 in mice
attenuated progression of kidney damage associated with hypertension and diabetes.13,14

These studies further demonstrated that the kidney protective effect of sEH inhibition by
pharmacological and genetic manipulation was strongly associated with anti-oxidative and
anti-inflammatory effects of EETs.12,13,14 With this background, it is possible that the
observed EET-B mediated kidney protection in Dahl SS rats is associated with anti-
oxidative and anti-inflammatory properties of this orally active novel EET analog.

Indeed, kidney injury in Dahl SS rat is strongly associated with inflammation and oxidative
stress. A number of studies demonstrated enhanced oxidative stress with elevated production
of vascular superoxide and increased plasma H2O2 concentration in hypertensive Dahl SS
rats.27,39,40,41 It is widely demonstrated that the renal damage frequently observed in Dahl
SS rat is related to increased oxidative stress involving reduced NO bioavailability and
increased superoxide production in the kidney.39,40,41,42,43 A number of studies
demonstrated that oxidative stress plays an important role in the development and
progression of renal injury associated with excessive dietary salt ingestion.29,30,44 In line
with these observations, we have observed marked oxidative stress with elevated kidney
MDA levels, increased urinary excretion of 8-isoprostane, and reduced urinary excretion of
nitrate/nitrite in Dahl SS rats. Interestingly, EET-B treatment reduced oxidative stress in
these rats by reducing kidney MDA level, urinary excretion of 8-isoprostane, and by
increasing urinary excretion of nitrate/nitrite. In support of our findings, in a recent study it
was reported that up-regulation of epoxygenases and increased EETs increased the
expression and activity of anti-oxidant enzyme superoxide dismutase during toxic insult, and
consequently reduce oxidative stress.45 Another recent study demonstrated that renal
NADPH oxidase and urinary MDA excretion were reduced in diabetic rats with genetically
disrupted sEH system, and suggested the kidney protective role of EETs in diabetic renal
pathology in relation to their anti-oxidant effect.14 Thus, the findings of the current study
and previous studies provide convincing evidence that anti-oxidant actions in response to
increasing EETs contribute to their organ protection.
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Apart from anti-oxidative effect, the kidney protective potential of EETs are also associated
with anti-inflammatory activity.13,14,45,46,47,48 These earlier reported findings in different
pathologies indicated a strong possibility that the kidney protective effect of EET-B in Dahl
SS rats could be due to a reduction in inflammation. As reported in earlier studies,47,48 we
have, indeed, observed renal inflammation in Dahl SS rats. There was marked elevation in
the urinary MCP-1, kidney macrophage/monocyte and T-lymphocyte infiltration in Dahl SS
rat. EET-B treatment significantly decreased MCP-1 and kidney macrophage/monocyte but
not T-lymphocyte infiltration in Dahl SS rats. Our observations support several earlier
reports on the anti-inflammatory activity of EETs that has been implicated in protecting
kidney in a number of pathologies. Increased bioavailability of EETs by genetic disruption
of sEH reduces inflammation and provides kidney protection in streptozotocin-induced
diabetes and in salt-sensitive hypertension.12,14 In the present study, we, therefore, clearly
demonstrated that along with marked reduction in oxidative stress, an attenuation of renal
inflammatory response contributed in the EET analog EET-B mediated kidney protection in
Dahl SS rat.

Many reports indicated that ER stress and inflammation are linked and contribute to the
pathophysiology of chronic inflammatory diseases like diabetes and hypertension. Indeed,
evidence suggests that ER stress is a potential mediator of inflammation in cardiovascular
diseases.49 In a recent study, ER stress was implicated in cardiac injury associated with
angiotensin II hypertension in mice. Angiotensin II hypertension caused ER stress that was
associated with cardiac hypertrophy and fibrosis in mice, and these pathological events were
ameliorated by pharmacological inhibition of ER stress.50 Consequently in the present study
we have investigated the involvement of ER stress and demonstrated marked elevation in
renal mRNA expression of ER stress markers GRP78 and CHOP in Dahl SS rat.
Interestingly, EET-B treatment markedly attenuated expression of these ER stress markers
in the kidney of Dahl SS rats as evident from reduced mRNA expression and
immunoreactivity positive for GRP 78 and CHOP. These observations indicate involvement
of ER stress in the kidney injury of Dahl SS rat, and most importantly, indicated a novel
mechanism by which EET could protect kidney in a pathological condition related to salt-
sensitive hypertension.

PERSPECTIVE
We have clearly demonstrated the potential of a novel orally active EET analog in
ameliorating renal damage in salt-sensitive hypertension. We provide substantial evidence
that this novel EET analog ameliorated kidney injury by reducing renal inflammation,
oxidative stress, and ER stress in Dahl SS salt-sensitive hypertension. Importantly, this study
established the compelling potential of an EET-based therapeutics to treat progressive
kidney injury in salt-sensitive hypertension. Moreover, with anti-oxidative, anti-
inflammatory, and anti-ER stress, the novel orally active EET analog EET-B holds
therapeutic promise for a number of cardiovascular pathologies that lead to end organ
damage.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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NOVELTY AND SIGNIFICANCE

What is new?

• This study demonstrated therapeutic promise of a novel orally active
epoxyeicosatrienoic acid (EET) analog in hypertensive kidney diseases.

What is Relevant?

• In this study we unveil kidney protective mechanism of a novel orally active
EET analog in hypertensive kidney diseases.

• We demonstrated that this EET analog provided kidney protection in salt-
sensitive hypertension by reducing inflammation, oxidative stress and
endoplasmic reticulum (ER) stress in the kidney.

Summary

Salt-sensitive hypertension leads to end-organ damage which is associated with elevated
oxidative stress, inflammation and endoplasmic reticulum (ER) stress. We have
demonstrated promising kidney protective effect of a novel EET analog in pre-clinical
model of human salt-sensitive hypertension. We have clearly demonstrated that EET
analog ameliorated kidney injury by reducing renal oxidative stress, inflammation and
ER stress.
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Figure 1.
Fig 1A–B. (A) Structure of EET-B. (B) Effect of 14,15-EEZE on EET-B induced relaxation
in mesenteric resistance arteries. Values are mean± S.E.M., *p< 0.05. vs. EET-B alone.
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Figure 2.
Fig 2A–C. (A) Urinary albumin-creatinine ratio, (B) kidney cortical and medullary cast area
in different experimental groups. (C) Representative photomicrographs of Periodic acid-
Schiff (PAS) staining (200x) depicting tubular cast formation (black arrows) in the kidney
cortical and medullary sections of rats from different experimental groups.*p<0.05 vs.
SSBN13rats treated with vehicle; #p<0.05 vs. vehicle treated Dahl SS rats. Data expressed
as mean ± SEM, n=6–7.
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Figure 3.
Fig 3A–C. (A) Urinary excretion of nephrin, (B) representative photomicrographs of
Periodic Acid-Schiff (PAS) staining (200x) depicting glomerular injury with mesangial
expansion (yellow arrows) and other changes related to glomerular sclerosis in different
experimental groups. (C) Semi-quantitative scoring of glomerular injury in rats from
different experimental groups. *p<0.05 vs. SSBN13 rats treated with vehicle; #p<0.05 vs.
vehicle treated Dahl SS rats. Data expressed as mean ± SEM, n=6–7.
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Figure 4.
Fig 4A–D. Urinary excretion of monocyte chemoattractant protein-1 (MCP-1) (A), mean
ED-1 or CD68 positive macrophage/monocyte counts in the kidney cortex (B) and medulla
(C) of rats from different experimental groups. Representative photomicrographs of
immunohistochemical staining depicting ED-1 or CD68 positive macrophage/monocyte
(yellow arrows) in the kidney of rat from different experimental groups (D). *p<0.05 vs.
SSBN13 rats treated with vehicle; #p<0.05 vs. vehicle treated Dahl SS rats. Data expressed
as mean ± SEM, n=6–7.
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Figure 5.
Fig 5A–C. Representative photomicrographs of Masson’s-Trichrome staining of kidney
cortical (A) and medullary (B) sections depicting fibrosis (yellow arrows) along with the
calculated fibrotic area (%) in the renal cortical and medullary sections of rats from different
experimental groups (C). *p<0.05 vs. SSBN13 rats treated with vehicle; #p<0.05 vs. vehicle
treated Dahl SS rats. Data expressed as mean ± SEM, n=6–7.
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Figure 6.
Fig 6A–D. Renal cortical (A) and medullary (B) contents of malondialdehyde (MDA) in rats
of different experimental groups. Urinary excretion of 8-isoprostane (C) and nitrate/nitrite
(D) in rats from different experimental groups. *p<0.05 vs. SSBN13 rats treated with
vehicle; #p<0.05 vs. vehicle treated Dahl SS rats. Data expressed as mean ± SEM, n=6–7.
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Figure 7.
Fig 7A–C. Renal mRNA expression of endoplasmic reticulum stress markers glucose
regulatory protein 78 or GRP78 (A) and C/EBP homologous protein or CHOP (B) in the
kidney of rats from different experimental groups. Representative photomicrographs of
immunohistochemical staining showing the expression and localization (black arrows) of
GRP78 and CHOP in the kidney of rats from different experimental groups (C). *p<0.05 vs.
SSBN13 rats treated with vehicle; #p<0.05 vs. vehicle treated Dahl SS rats. Data expressed
as mean ± SEM, n=6–7.

Khan et al. Page 19

Hypertension. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


