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Abstract

Background: We have previously reported that epoxyeicosatrienoic acid (EET) has multiple
beneficial effects on renal and adipose tissue function, in addition to its vasodilatory action; it
increases insulin sensitivity and inhibits inflammation. In an examination of the signaling
mechanisms by which EET reduces renal and peri-renal fat function, we hypothesized that EET
ameliorates obesity-induced renal dysfunction by improving sodium excretion, reducing the
sodium-chloride cotransporter NCC, lowering lood pressure, and enhancing mitochondrial and
thermogenic gene levels in PGC-1a dependent mice.

Methods: EET-agonist treatment normalized glucose metabolism, renal ENaC and NCC protein
expression, urinary sodium excretion and blood pressure in obese (db/db) mice. A marked
improvement in mitochondrial integrity, thermogenic genes, and PGC- 1a-HO-1-adiponectin
signaling occurred. Knockout of PGC-1a in EET-treated mice resulted in a reversal of these
beneficial effects including a decrease in sodium excretion, elevation of blood pressure and an
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increase in the pro-inflammatory adipokine nephroblastoma overexpressed gene (NOV). In the
elucidation of the effects of EET on peri-renal adipose tissue, EET increased adiponectin,
mitochondrial integrity, thermogenic genes and decreased NQV, i.e. “Browning’ peri-renal adipose
phenotype that occurs under high fat diets. Taken together, these data demonstrate a critical role of
an EET agonist in the restoration of healthy adipose tissue with reduced release of inflammatory
molecules, such as Angll and NQV, thereby preventing their detrimental impact on sodium
absorption and NCC levels and the development of obesity-induced renal dysfunction.
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INTRODUCTION

In 2014 the World Health Organization determined that, worldwide, more than 1.9 billion
individuals were overweight and another 600 million obese; numbers that have more than
doubled since 1980. Obesity has become a challenge to global health care systems. In
addition to type 2 diabetes mellitus, kidney dysfunction is considered to be a cardiovascular
risk factor in obese individuals (1, 2). Chronic obesity and diabetes are not only major
contributors to renal dysfunction but are manifested in increased risk of cardiovascular
disease and high morbidity and mortality (1, 3). A strong positive correlation exists between
obesity, body mass index and the risk of renal failure (1, 4, 5). Diabetes and obesity-related
elevated blood pressure and kidney injury can arise through several mechanisms. Adipocytes
are considered a major source of angiotensinogen that leads to elevations in plasma
angiotensin Il concentrations and systolic blood pressure, effects that are prevented in mouse
models of angiotensinogen deficiency (6, 7). An abundance of plasma angiotensin Il leads to
increased levels of vasoconstrictors (6, 8), ultimately leading to an increase in inflammatory
cytokines such as NOV, causing vasoconstriction, an increase in systolic blood pressure,
ROS formation (7, 9), mitochondrial dysfunction, hyperglycemia, and increased body
weight (10). NOV is a pro-inflammatory molecule expressed at elevated levels in adipose
tissue and elevation of NOV is attributed to increases in obesity and plasma triglycerides (7,
11). Ablation of NOV resulted in decreased obesity, improved glucose tolerance and insulin
sensitivity (7, 12).

In addition to obesity-diabetes-induced hyperglycemia, and elevated insulin levels resulting
from insulin insensitivity, visceral obesity results in intrarenal adipose tissue accumulation
and physical compression of the kidneys (2) as well as lipotoxicity. Inflammation, oxidative
stress (7) and activation of the renal renin-angiotensin system(13).

Reactive oxygen species (ROS) and oxidative stress, a result of an increase in adipocyte
release of Ang Il and a decrease in the levels of HO-1, plays an important role in obesity-
induced renal injury and mitochondrial dysfunction and fragmentation (14-18). Increased
levels of HO-1 decrease ROS, ameliorate renal dysfunction, increase PGC-1a and decrease
blood pressure through modulation of NADPH oxidase activity (7, 9, 17, 19). Further, the
suppressive effect of increased HO-1 expression on Ang ll-induced hypertension and renal
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injury has been reported (5, 18, 20). HO-1- derived CO and bilirubin to reduce vascular
reactivity and blood pressure through vasodilation (14, 20-22). Both carbon monoxide and
bilirubin exert protective effects on the kidney following injury (23, 24) and bilirubin
prevents endothelial dysfunction which is a hallmark of cardiovascular complications (23).
Global overexpression of human HO- 1 using a lentiviral probe results in the lowering of
blood pressure in spontaneously hypertensive rats (24). Gene targeting of HO-1 in the thick
ascending loop of Henle reduced angiotensin 1l (Ang Independent hypertension, an effect
that was associated with a reduction in the expression of medullary NKCC2 (25). Both
humans and mice deficient in HO-1 display vascular, renal and organ damage (26-28).
Ablation of HO-1 in adipose tissue causes an increase in inflammation and inhibition of
mitochondrial function (29). Further, obesity-mediated reduction in HO-1 expression or
activity augments adipose tissue dysregulation, which is abated by upregulation of the heme-
HO system (30, 31).

We previously demonstrated that endothelium-specific targeting of human CYP2J2-derived
EET attenuates adiposity and renal dysfunction in mice fed a high salt diet(32). Moreover,
we have evidence of a synergistic interplay between HO-1 and epoxygenase(s), whereby the
expression of one is promoted by the other (7, 33). Furthermore, interplay between HO-1
and CYP-derived EETs modulates the adipocyte phenotype by regulating peroxisome
proliferator-activated receptor gamma coactivator- 1 alpha (PGC-1a) (a transcription factor
known to regulate mitochondrial biogenesis and insulin sensitivity) which plays a critical
role in the regulation of mitochondrial function manifested by decreased lipid accumulation
and mitochondrial production of ROS, and increased adiponectin (34, 37). Our present
hypothesis that EET is a positive regulator of HO-1, PGC-1a and adiponectin production,
leading to activation of a signaling pathway which controls mitochondrial function,
decreases formation of NOV, sodium retention, NCC channel and which may impact the
metabolic phenotype thereby normalizing obesity-associated hypertension in mice fed a high
fat diet. A corollary of this is possible in that a deficit in the functionality of this regulatory
pathway that occurs by blocking PGC-Ia may facilitate the development of obesity-
associated hypertension. The apparent crosstalk between adipose tissue hypertrophy and
hyperplasia with increased inflammation, Angll and NOV levels and decreased adiponectin
mitochondrial function levels, leads to the increased in sodium absorption, NCC, and the
development of obesity- and inflammation-induced renal dysfunction. We report that EET-
agonist treatment increases mitochondrial integrity and PGC-1a- HO-1 levels with a
concomitant normalization of blood pressure that positively impact urinary sodium
excretion, decreases plasma Ang Il levels as well as NCC, SPAK and ENaC activity in the
kidneys of obese mice.

MATERIALS AND METHODS

Animal Protocols

Four-week-old db/db mice from Jackson Laboratories (Bar Harbor, ME) were used for this
investigation. Mice were divided into 3 treatment groups following a 16- week
acclimatization period. The mice were fed regular chow (Harlan, Teklad Lab Animal Diets,
Indianapolis, IN) and were treated as follows: Group 1) control, Group 2) injected
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intraperitoneally with EET-A twice/week for 8 weeks with a dose of 1.5 mg/100g of body
weight as previously described (35), and Group 3) received EET-A as above and also 2 bolus
injections of 4070 x 108 TU/mouse in 80-100 ul PGC-1a. (sh) lentivirus (Dharmacon,
Lafayette, CO) into the retro orbital vein. At the end of the experiment, mice were
euthanized, assessed for fat content and total body and kidney weights were measured. All
animal experiments followed the NYMC IACUC institutionally approved protocol in
accordance with the NIH guidelines.

Fasting Blood Glucose, Glucose Tolerance Testing and Urinary Sodium Excretion

Fasting blood glucose, glucose tolerance, and urinary sodium were measured from tail blood
following a 6-h fast. Blood pressure was determined as described previously (7, 36). Urine
was collected and sent to Antech diagnostics (Fountain Valley, CA) for urinary sodium
excretion and urinary protein measurements.

Determination of Oxygen Consumption

The db/db mice groups were allowed to acclimatize in the oxygen consumption chambers
for a total of 3 weeks. Adaptation periods for the 3 week duration were executed in 2 hour
increments, three times a week. The Oxylet gas analyzer and air flow unit (Oxylet; Panlab-
Bioseb, Vitrolles, France) were used to determine mouse oxygen consumption (VO5). Each
mouse was placed individually in the machine and VO,, VCO5 and respiratory quotient
(RQ) was calculated as VCO,/VO,. (7)

Western Blot Analysis and RNA Analysis

For protein expression analyses, kidney tissues were lysed in RIPA lysis buffer
supplemented with protease and phosphatase inhibitors (Complete™Mini and PhosSTOP™,
Roche Diagnostics, Indianapolis, IN as previously described (29, 37). NOV serum protein
levels were measured by Western Blot and were normalized to transferrin protein. p-actin
was used as loading control for western blotting analysis of tissues.

Statistical Analysis

Data are expressed as means + S.E.M. Bonferroni’s post-test analysis for multiple
comparisons was used to calculate the significance of mean value differences using one-way
analysis of variance. The null hypothesis was rejected at p<0.05.

RESULTS

Effect of EET Agonist on Systemic Metabolic Parameters and Peri-renal Fat Deposition

We examined the effect of EET-A on visceral and peri-renal adipose tissue deposition.
Figures 1A and B depict body weight at the commencement of treatment and at the
experimental end-point relative to the weight at the start of the treatment (20 weeks of age).
After 3 weeks on EET-A, one group of mice was injected with lentiviral particles for
silencing of PGC-1a. Over the 8 weeks of the experiment, control mice exhibited on average
a weight gain of 0.99 g/week with an end-point mean body weight of 63.9 + 1.3 g. In
contrast, mice treated with EET-A lost on average 0.93 g/week and weighed 45.2 + 3.8 g at
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the end of the study. However, the EET-A-mediated weight reduction was not only reversed,
but the rate of weight gain was fully restored to that of the control group after administration
of Ln- PGC-Ia (sh) despite continued EET-A- treatment and at the end of the experiment
these mice weighed 55.0 £ 1.1 g.

As seen in Figures 1C, D and E, EET-A reduced visceral, kidney and peri-renal fat weights
in db/db mice (p<0.05). The reduced accumulation of adipose tissue in EET- A-treated mice
can be seen visually when compared with control db/db mice through both external bulk
(Figure 1A top row) and internal adipose tissue deposition (Figure 1A middle row). EET-A
reduced peri-renal fat deposition as compared to db/db control mice (Figure 1A bottom
row). External dimensions as well as internal adipose tissue content and peri-renal fat tissue
deposition in the EET-A-PGC-Ia (sh) group paralleled the adiposity observed in control
db/db mice. Silencing PGC-Ia when combined with EET- agonist administration reduced
the effect of EET-agonist on kidney weight (Figure 1D) and on peri-renal adipose tissue
deposition (Figure 1E).

EET Agonist decreases Systolic Blood Pressure, Fasting Blood Glucose and Glucose

Intolerance.

Systolic blood pressure was lower in EET-A-treated db/db mice but not in db/db mice that
were deficient in PGC-1a (Figure 2A). As seen in Figure 2B, the fasting blood glucose level
in the control group was 573.7 + 15.9 mg/dL, compared with the group treated with EET-A
with a level of 187.7 + 34.9 mg/dL, (p<0.05). That this EET-A- mediated effect was
PGC-1a-dependent was evidenced in the EET-A-PGC-1a (sh) group where the fasting
blood glucose level was increased to 308.6 + 2.6 mg/dL (p<0.05) as compared with the mice
treated with EET-agonist alone. EET-A lowered glucose levels in glucose-loaded db/db mice
and this effect was reversed in db/db mice that were also treated with PGC-1a. (sh)
lentivirus (Figure 2C). Food intake decreased in mice treated with EET-A, an effect that was
reversed when also treated with PGC-1a (sh) lentivirus (Figure 2D).

EET Agonist increases Oxygen Consumption and decreases the Respiratory Quotient.

To determine whether an effect of EET-A on whole body oxygen consumption is mediated
through PGC-Ia expression, we compared VO,, VCO, and RQ (Figure 3A-C). VO, and
VCOs, increased following EET-A treatment in db/db mice (p<0.05) (Figure 3A and B).
Moreover, VO, and VCO, levels in EET-A-PGC-Ia (sh) mice were lowered by comparison
with EET-A treated db/db mice (Figure 3A and B). RQ was decreased by EET-A compared
with control db/db mice, but returned to levels of control animals in db/db mice administered
PGC-1a (sh) (Figure 3C).

EET Agonist Decreases Urinary Sodium, and Urinary Protein

EET-agonist increased (p<0.05) urinary sodium excretion, an effect that was reversed in
PGC-1a-deficient mice (Figure 3D). Urinary protein content was decreased (p<0.05) by
EET-agonist and returned to control levels in PGC-1a-deficient mice (Figure 3E).
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Effect of EET Agonist on SPAK, ENaC, NCC, and NKCC2 Protein Levels.

EET-A decreased (p<0.05) the expression of SPAK by nearly 50% as compared with the
levels observed in control db/db mice (Figure 4A and B) and this reduction was reversed
(p<0.05) in Ln-PGC-1a (sh) db/db mice (Figure 4A and B). The same effect of EET-A was
observed for both ENaC (Figure 4A, C, F, and G) and NCC (Figure 4A and D) protein
levels, and for both ENaC and NCC the EET-A-mediated effect was reversed in PGC-1a-
deficient mice (Figure 4A, C and D). EET-A did not affect NKCC2 expression, but in
PGC-1a-deficient mice treated with EET-A NKCC2 expression was elevated as compared
with EET-A-treated mice (Figure 4A, and E).

Effect of EET Agonist on PGC-1a, HO-1, SIRT1, Adiponectin, pAMPK/AMPK, Mitochondrial
Fusion-Fission Proteins and NOV.

EET-A treatment led to a 2-fold upregulation of PGC-1a as compared with db/db control
mice (Figure 5A and B). This increase in PGC-1a levels by EET-A was prevented in Ln-
PGC-Ia (sh) mice (Figure 5A and B). EET-A increased HO-1 levels 3fold (p<0.05) as
compared with control db/db mice (p<0.05) (Figure 5A and C). Ln-PGC- 1a (sh) prevented
the EET-A-mediated increase in HO-1 protein expression (Figure 5A and C). EET-A-treated
mice expressed >2-fold higher (p<0.05) SIRT1 levels compared to control db/db mice
(p<0.05), while PGC-1a. (sh) lentivirus prevented this effect (Figure 5A and D).
Furthermore, EET-A increased the expression of adiponectin more than 3-fold (p<0.05) as
compared with control db/db mice (Figure 5A and E). The effect of EET-A on adiponectin
levels was diminished in PGC-1a(sh) lentivirus-treated db/db mice (Figure 5A and E).
Because phosphorylation of AMPK-AKT increased vascular function we examined levels of
pAMPK and pAKT, Figure 5F, EET-A-increased (p<0.05) renal pAMPK/AMPK by ~40%
as compared with db/db control mice. In PGC- la-deficient mice the EET-A-mediated effect
on pAMPK/AMPK was completely abrogated and the relative level of AMPK
phosphorylation was even lower than that observed in control db/db mice.

To assess the mitochondrial fusion-fission proteins we measured Mfn1, Mfn2 and Fis1 levels
in kidney of db/db mice. As seen in Figure 5G, the Mfn1 levels in EET-A treated mice were
elevated (p<0.05) about 5-fold as compared with control db/db mice and this EET-A-
mediated effect was completely abrogated in PGC-1a-deficient mice (Figure 5G). The Mfn2
ratio (Figure 5H) followed a pattern identical to the Mfn1 and Mfn2 ratios which were
higher (p<0.05) in EET-A treated mice when compared with both control and PGC-1a
deficient mice treated with EET-A (Figure 5H). Fisl levels decreased (p<0.05) in EET-A-
treated mice; this decrease was prevented in PGC-1a- deficient mice (Figure 5I).

EET-agonist causes reduction of pre-renal and renal tissues of NOV.

We examined whether peri-renal adipose tissue and renal levels of NOV were increased in
obese mice. Renal tissue expressed lower levels of NOV compared to perirenal adipose
tissue (<0.05). EET-agonist decreased NOV levels in both renal and peri- renal fat in a
PGC-1la-dependent manner. Decreased levels of PGC-1a reversed the ability of EET-
agonist to reduce NOV in both peri-renal and renal tissue (Figure 6A-D). EET agonist
treatment decreased plasma And Il levels (Figure 6E).
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DISCUSSION

In the present study we demonstrate that EET agonist administered to obese mice with
diabetes has substantial beneficial effects including improved mitochondrial function, and
increased glucose and fat metabolism. We demonstrate an obesity-mediated increase in the
pro-inflammatory adipokine NOV and plasma angiotensin Il are attenuated by an EET-
agonist. Our results show improved renal function and urinary sodium excretion. Prior
studies indicate that EET agonists improve heart function and cardiomyopathy in obese mice
by decreasing NOV (7). It is not yet clear whether increases in inflammatory markers such
as NOV significantly upregulated ENaC and blood pressure. In addition, EET agonist
decreased both NCC and ENaC protein expression in association with enhanced urinary
sodium excretion as well as having major effects on glucose and fat metabolism in db/db
mice manifested by the decrease in metabolic parameters and increased adiponectin. In
adipose tissue, we found that the decrease in peri-renal fat by EET agonist treatment reduced
the physical compression and stress of the kidney which may be involved in an observed
decrease in blood pressure and likely also lead to a reduction of inflammatory markers other
than Angll and NOV. This is important as obesity and associated chronic inflammation go
hand in hand contributing to kidney disease (1, 4, 5). Mechanistically, the effects of the EET-
agonist appear to be dependent on PGC-1a levels as these perturbations were prevented by
reduction in PGC-1a levels.

Increased expression and activation of the thiazide-sensitive NCC accompanied by increased
sodium reabsorption has been reported (1, 5, 38-40). The bumetanide- sensitive sodium-
potassium- 2- chloride cotransporter (NKCC2), the amiloride-sensitive epithelial sodium
channel (ENaC) and sodium-chloride cotransporter (NCC) all have a role in sodium
reabsorption, but only the expression and activity of NCC and ENaC appear to be affected in
diabetes and obesity (1, 5, 38-41).

Obesity and hyperinsulinemia are known factors that increase the expression of NKCC2,
ENaC, NCC and the NCC-activating kinase, SPAK, (42—44) all of which are involved in
renal sodium reabsorption. EET-agonist reduced levels of SPAK, NCC and ENaC, consistent
with reduced sodium reabsorption and urinary sodium excretion. Importantly, this effect of
the EET-agonist on various channels is dependent on PGC-1a levels. Our results confirm
previous observations that EET reduced ENaC activity and lowered blood pressure in high-
salt diet induced hypertension in mice (45). Indapamide (a thiazide-like diuretic which
inhibits NCC) can stimulate the release of EETs (46). In agreement with the current result
that EET improved sodium excretion and may involve a reduction of NCC and ENaC. Our
findings are relevant as indapamide improved both endothelial function and metabolic
parameters in patients with type 2 diabetes as compared with the prototypical NCC inhibitor
hydrochlorothiazide (47). Thus, EETs contribute to the beneficial cardiovascular effects seen
and improved metabolic function with the clinical use of indapamide. Further, our results
indicate that the EET-agonist not only interferes with NCC expression and fat and glucose
metabolism, but also ENaC expression. ENaC inhibition either directly by amiloride, or
secondary to mineralocorticoid receptor antagonism with spironolactone or eplerenone, has
beneficial cardiovascular effects (48).

Prostaglandins Other Lipid Mediat. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schragenheim et al.

Page 8

The improvement of insulin receptor phosphorylation in EET agonist treated db/db mice is
evidenced by lowered fasting blood glucose levels, increased glucose tolerance and
decreased body weight, peri-renal fat and inflammatory adipokines. Chronic abdominal
adiposity is associated with increased levels of Ang Il which alone leads to an increase in
systolic blood pressure (38, 39) while the pro-inflammatory cytokines NOV contribute to the
development of diabetic cardiomyopathy (7).

The beneficial effects of the EET-agonist were abolished in PGC-a deficient db/db mice
suggesting a seminal role for the EET-mediated increases in PGC-1a (7). In agreement with
this finding mice lacking PGC-1a in adipose tissue and fed a high fat diet develop insulin
resistance and have increased levels of circulating lipid (40). An increase in PGC-Ia
expression results in higher levels of the mitochondrial proteins, Mfnl and Mfn2, which is
consistent with the role of PGC-1a as a major regulator of mitochondrial function (41).
Consistent with our observations, the EET-agonist increased VO, indicating increased
mitochondrial function and whole body metabolism, this effect was prevented in PGC-Ia
deficient mice. These positive effects of the EET- agonist were associated with restored
mitochondrial and thermogenic gene levels and reprograming of the peri-renal fat to a brite
phenotype, thereby increasing the PGC-1a- mediated increase in HO-1 that positively
impacts renal and adipocyte function by decreasing the levels of ROS (49). The concept that
EET-HO-1-PGC-1a exerts a counter-regulatory influence on high fat intake is an important
advance in our understanding of EET-agonist function (reduces sodium retention, NCC
Channel and NOV levels), for it reveals a new role of this interplay in peri-renal adipose and
renal function that improves obesity-induced hypertension. The current report does not
address the possibility that the hypertensive phenotype displayed by obese mice fed a high
fat diet is mechanistically related to upregulation of the renin-angiotensin system of
adipocytes, which previous reports have linked to the pathogenesis of obesity-induced
hypertension.(50-52). However, the present study expands both the breadth and depth of our
understanding of the actions of EET in cardiovascular disease and provides important new
mechanistic information on the possible crosstalk between healthy adipose tissue, renal
function and normotension with a focus on adiponectin, NOV, Angll and sodium transport.
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HIGHLIGHTS
. EET-agonist reduces sodium retention and decreased both NCC and ENaC
proteins.
. EET agonist improvement of insulin receptor phosphorylation and decreased

perirenal fat and inflammatory adipokines
. EET-Agonist reprograming of the perirenal fat to a brite phenotype.

. EET-agonist intervention mitochondrial and thermogenic gene levels
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Figure 1.
Effect of EET-A treatment on body weight, fasting blood glucose, glucose tolerance, and

adipose tissue deposition in db/db mice. (A) Representative photographs showing
appearance of body, abdominal adipose tissues, kidney with peri-renal adipose tissue from
each group of mice, (B) relative body weight, (C) visceral fat weight, (D) kidney fat, (E)
peri-renal fat weight. Db/db control (white bars/boxes), db/db treated with EET-A (black
bars/boxes), and PGC-1a.-deficient db/db mice treated with EET-A (grey bars/boxes).
Results are mean * SE, n=6, *p<0.05 vs db/db control, #p<0.05 vs db/db mice treated with
EET-A.
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Figure 2.

Effect of EET-A treatment on (A) systolic blood pressure, (B) fasting blood glucose levels
and (C) glucose tolerance (D) the food intake per mouse per day. Db/db control (white bars/
boxes), db/db treated with EET-A (black bars/boxes), and PGC-1a- deficient db/db mice
treated with EET-A (grey bars/boxes). Results are mean + SE, n=6, *p<0.05 vs db/db
control, #p<0.05 vs db/db mice treated with EET-A.
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Figure 3.

Db/db mice were fed regular chow (Harlan, Teklad Lab Animals Diets, Indianapolis, IN)
and following a 16-week acclimatization period were divided into 3 treatment groups. Group
1 was control. Groups 2 and 3 were injected intraperitoneally with EET-A twice/week for 8
weeks with a dose of 1.5 mg/100g of body weight as previously described (7). The mice in
Group 3 were also given 2 bolus injections of 4070 x 106 TU/mouse in 80-100 pI PGC-1la
(sh) lentiviruses (Dharmacon, Lafayette, CO) into the retro orbital vein. At the end of the
experiment, VO2 (A) and VCO2 (B) levels (mL/min/Kg body weight) were determined
using the Oxylet gas analyzer. RQ (the respiratory quotient) was calculated as VCO2/VO2
(C). Effect of EET-A treatment on (D) Urinary Sodium normalized to body weight, (E)
Protein, Db/db treated with EET-A (black bars/boxes), and PGC-1a-deficient db/db mice
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treated with EET-A (grey bars/boxes). Results are mean + SE, n=6, *p<0.05 vs db/db
control, #p<0.05 vs db/db mice treated with EET-A alone.
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Effect of EET-A treatment on natriuresis and sodium reabsorptive protein expression in
kidneys of db/db mice. Representative Western Blots (A), and densitometry analysis of (B)
SPAK, (C) ENaCp, (D) NCC, (E) NKCC2, (F) ENaC, and (G) ENaCa in kidney tissues of
mice. Db/db control mice (white bars), db/db treated with EET-A (black bars), and PGC-1a-
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1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

w
e
]

A EET-A+

control EET-A pPGC-1a(sh
— —— r—*—ll: )

Schragenheim et al. Page 18
B S s — e SIRT-1
- Gy e e HO-1]

- l i”
— e Mfn1

—— — — — . [3-aCliN control EET-A EET-A+
— e ey g— PGC_‘IG

PGC-1a(sh)
—  anm — = Adiponectin

15 -
— —— ————— p.actin K ]
- —— PAMPK = “
N — N7 | T 1
- o——— Mfn2
0.0~

e
o

PGC-1a/p-actin
[

o
-

9]

HO-1/p-actin
o N
in E-3

— - — Fis1 control EET-A EET-A+
; | B-actin E PGC-1a(sh)
D - = 0.5 -
* § 0.4
£ =
E 1.0 £03 #
Eos §0,1
0.0
"*control EET-A EET-A+ control EET-A EET-A+
e " pac-1a(sh) G s . PGC-a(sh
< 05 £ 06
=
2 = T
2 04 # < 0.4
E -
102 £ 0.2 {[ Z
H g gcontrol EET-A EET-A+ 04 .
e GC-1a(sh) I1 controlEET-A EET-A+
£ 0.6 PGC-1a(sh)
3]
& 0.4 £ : #
S " §0.5
E 0.2 Y *
= 0 E
w 0+ T
control EET-A EET-A+ control EET-A EET-A+
PGC-1a(sh) PGC-1al(sh)

Figure 5.
Effect of EET-A treatment on PGC-1a, HO-1, SIRT1, adiponectin, Mfn1, Mfn2, Fisl, and

NOV in kidney tissue of db/db mice. (A) Representative Western Blots and densitometry
analysis of (B) PGC-1a, (C) HO-1, (D) SIRT1, (E) adiponectin, (F) pAMPK/AMPK, (G)
Mfn1, (H) Mfn2, (I) Fisl. Db/db control mice (white bars), db/db treated with EET-A (black
bars), and PGC-1a-deficient db/db mice treated with EET-A (grey bars). Results are mean *
SE, n=6, *p<0.05 vs db/db control, #p<0.05 vs db/db mice treated with EET-A.
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Figure 6.
Tissue expression of NOV and EET agonist effect on plasma and kidney NOV levels and

plasma Angiotensin 2. (A) The mRNA expression of NOV in kidney, visceral fat, and peri-
renal fat. (B) Representative western blots, densitometry analysis of NOV in plasma of db/db
control mice, db/db treated with EET-A mice, and PGC-1a- deficient. (C) Representative
western blots, densitometry analysis of NOV in Kidney of db/db control mice, db/db treated
with EET-A mice, and PGC-1a-deficient. (D) mMRNA expression of NOV in plasma of db/db
control mice, db/db treated with EET-A mice, and PGC-1a-deficient. (E) Plasma
Angiotensin Il. Results are means + SE, n=6, *p<0.05 vs db/db control, # p<0.05 vs db/db
mice treated with EETA /.
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Figure 7.
Schematic description of the EET-PGC-1a-HO-1 interplay, increased mitochondrial

biogenesis and function. The EET-A-mediated activation of PGC-1a and HO-1 leads to
increased oxygen consumption, increased mitochondrial fusion, reduced visceral adipose
tissue deposition that together with increased insulin sensitivity contributes to reduced
sodium retention. These factors in concert lead to a lowering of blood pressure and an
improvement in renal and cardiovascular function.
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