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Objectives: Cardiovascular diseases (CVD) remain the leading cause of morbimortality in
patients with chronic kidney disease (CKD). The aim of this study was to assess the
cardiovascular impact of the pharmacological inhibition of soluble epoxide hydrolase (sEH),
which metabolizes the endothelium-derived vasodilatory and anti-inflammatory
epoxyeicosatrienoic acids (EETs) to dihydroxyeicosatrienoic acid (DHETs), in the 5/6
nephrectomy (Nx) mouse model.

Methods and Results: Compared to sham-operated mice, there was decrease in EET-
to-DHET ratio 3months after surgery in vehicle-treated Nxmice but not in mice treated with
the sEH inhibitor t-AUCB. Nx induced an increase in plasma creatinine and in urine
albumin-to-creatinine ratio as well as the development of kidney histological lesions, all of
which were not modified by t-AUCB. In addition, t-AUCB did not oppose Nx-induced
blood pressure increase. However, t-AUCB prevented the development of cardiac
hypertrophy and fibrosis induced by Nx, as well as normalized the echocardiographic
indices of diastolic and systolic function. Moreover, the reduction in endothelium-
dependent flow-mediated dilatation of isolated mesenteric arteries induced by Nx was
blunted by t-AUCB without change in endothelium-independent dilatation to sodium
nitroprusside.

Conclusion: Inhibition of sEH reduces the cardiac remodelling, and the diastolic and
systolic dysfunctions associated with CKD. These beneficial effects may be mediated by
the prevention of endothelial dysfunction, independent from kidney preservation and
antihypertensor effect. Thus, inhibition of sEH holds a therapeutic potential in
preventing type 4 cardiorenal syndrome.

Keywords: cardiorenal syndrome, heart failure, endothelial (dys)function, chronic kidney disease,
epoxyeicosatrienoic acid

INTRODUCTION

Chronic kidney disease (CKD) is an important health care problem with a worldwide prevalence
around 13% (Hill et al., 2016). CKD is an independent risk factor for cardiovascular (CV) diseases
and CV events are the first cause of death in this population (Hatamizadeh et al., 2013). The
association between CKD and the occurrence of chronic heart disease has been named uremic
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cardiopathy or type 4 cardiorenal syndrome (Zannad Faiez and
Rossignol Patrick, 2018). In this setting, the crosstalk between the
diseased kidney and heart is not fully understood. The
pathophysiology of type 4 cardiorenal syndrome is
predominantly mediated by reciprocal hemodynamic effects,
neurohormonal activation, inflammation, anaemia,
disturbances in the hydro electrolytic balance and
abnormalities of the bone-mineral axis (Kovesdy and Quarles,
2013; Kovesdy and Quarles, 2016; Ter Maaten et al., 2016;
Rangaswami et al., 2019). Fibroblast growth factor-23 (FGF-
23), secreted by osteocytes, regulates phosphate and vitamin D
homeostasis and its plasma concentration rises as the kidney
function declines. Several studies have shown that higher levels of
FGF-23 are associated with a higher risk of death (Scialla et al.,
2014; Charytan et al., 2015).In spite of significant breakthroughs
in our understanding and treatment of the CV disease associated
with CKD, mortality remains high and identifying new
therapeutic targets is of critical importance.

Epoxyeicosatrienoic acids (EETs) are arachidonic acid
derivatives synthesized by cytochrome P450 (CYP450)
epoxygenases (Wang Z. H. et al., 2013; Duflot et al., 2014).
EETs are endothelium-derived hyperpolarizing factors with
potent antihypertensive, anti-inflammatory and anti-
proliferative properties. They are rapidly hydrated into the less
active dihydroxyeicosatrienoic acids (DHETs), by an enzyme
called soluble epoxide hydrolase (sEH). Thus, inhibition of
sEH appears as an interesting pharmacological approach to
increase the bioavailability of EETs in various pathological
conditions in particular cardiovascular diseases (Wang Z. H.
et al., 2013; Duflot et al., 2014). sEH inhibitors were shown to
reduce hypertension and endothelial damage in angiotensin II-
dependent models (Imig et al., 2002; Gao et al., 2011) and to
prevent cardiac dysfunction and remodelling in experimental
heart failure (Merabet et al., 2012). In human, genetic
polymorphisms of EPHX2, which encodes sEH, could either
increase hydrolase activity which is associated with a higher
occurrence of ischemic cardiac events (Lee et al., 2006), or
decrease its activity associated with higher endothelium-
dependant dilatation in resistance arteries (Lee et al., 2011),
strengthening the interest of inhibiting sEH in cardiovascular
diseases. At the renal level, the beneficial impact of sEH has been
reported in several works (Liu, 2018) but not all (Jung et al., 2010),
and no study has evaluated the interest of this strategy in type 4
cardiorenal syndrome.

In this study we analysed the impact of sEH inhibition on the
CV consequences induced by 5/6 nephrectomy (5/6 Nx) in mice,
a classical model of CKD.

MATERIAL AND METHODS

Animals and Treatments
All experiments were carried out in 129/Sv male mice, aged
8 weeks and weighing between 20 and 26 g (January
laboratory, Genest Isle), in accordance with the standards and
ethical rules (CENOMEXA C2EA-54). The surgical procedures
were performed by a single experienced operator in order to

ensure reproducibility. Briefly, surgical procedure consisted in
ligation of the upper branch of the left kidney artery, followed by a
cauterization of the lower pole of the left kidney, leading to 2/3 of
non-functioning left kidney. One week later, the right kidney was
removed, inducing 5/6 Nx. One week after removal of the right
kidney, 5/6 Nx mice were randomized into two groups to receive
either the sEH inhibitor trans-4-[4-(3-adamantan-1-yl-ureido)-
cyclohexyloxy]-benzoic acid (t-AUCB: 15 mg/L in drinking water
after dilution in 15-ml PEG 400) or vehicle (PEG 400) until
sacrifice. A third group of sham-operated mice (surgical
laparotomy) served as controls.

Blood and Urine Analyses
Onemonth after surgery, 100 µL retro-orbital blood samples were
collected in anesthetized animals (isoflurane: 1.5%) to quantify
plasma creatinine by enzymatic method. At sacrifice, blood
samples were collected allowing to measure plasma creatinine,
soluble vascular cell adhesion molecule 1 (sVCAM-1) and
fibroblast growth factor-23 (FGF-23) were assessed by
enzyme-linked immunosorbent assays (ab100750, Abcam and
EZMFGF23–43K, EMD Millipore respectively). In addition, the
plasma levels of 14,15-EET, the preferential substrate of sEH, its
metabolite 14,15-DHET, and the pro-inflammatory
hydroxyeicosatetraenoic acids (5-HETE, 12-HETE and 15-
HETE), derived from the lipoxygenase (LOX) metabolites of
arachidonic acid, were quantified by LC-MS/MS using a
previously published method (Duflot et al., 2017; Duflot et al.,
2019). The ratio of 14,15-DHET-to-14,15-EET was used as an
index of sEH activity.

24-h urine was collected 1 and 3 months after surgical
procedure using metabolic cages. Urine albumin and
aldosterone were measured at 3 months using enzyme-linked
immunosorbent assays (ab108792 and ab136933, respectively;
Abcam, Paris, France). Na+ excretion was quantified using
standard procedure.

Systolic Blood Pressure
Non-invasive measurements of systolic blood pressure were
performed by tail cuff plethysmography (CODA, Kent
Scientific Corporation) 1 and 3 months after surgery. These
measurements were performed in conscious and trained mice
and consisted in two series of 10 cycles of measurements for each
animal.

Cardiac Function
In mice anesthetized with isoflurane (1.5–2%), left ventricular
end-diastolic and end-systolic diameters (LVEDD and LVESD,
respectively) were assessed 1 and 3 months after surgery, using a
Vivid seven ultrasound device (GE medical). The heart was
imaged in the two-dimensional mode in the parasternal short-
axis view. Ejection fraction (EF) was calculated from the LV
cross-sectional area as EF(%) � ((LVDA – LVSA)/LVDA) x 100
where LVDA and LVSA are LV diastolic and systolic area,
estimated from LVEDD and LVESD. In addition, a pulsed
Doppler of the LV outflow was performed to obtain heart rate
(HR). Doppler measurements were made at the tip of the mitral
leaflets for diastolic filling profiles in the apical four-chamber

Frontiers in Molecular Biosciences | www.frontiersin.org March 2021 | Volume 7 | Article 6040422

Hamzaoui et al. Cardiorenal Syndrome and Epoxyeicosatrienoic Acids

https://www.frontiersin.org/journals/molecular-biosciences
www.frontiersin.org
https://www.frontiersin.org/journals/molecular-biosciences#articles


view, allowing to determine peak early (E) and late (A) mitral
inflow velocities, and calculation of the E/A ratio, as estimate of
diastolic function.

Vascular Function
Flow-mediated dilatation (FMD) was assessed on second
mesenteric resistance artery segment. Briefly, the mesentery
was removed and placed in cold oxygenated Krebs buffer. A
2–3 mm segment of third mesenteric resistance artery segment
was isolated and mounted on an arteriograph (DMT, Denmark).
Vessels were pre-constricted using 10-5 M phenylephrine (Phe)
before assessing the dilatory response to stepwise increase in
intraluminal flow (3, 6, 10, 15, 20, 25, 50, 75 and 100 μL/min).
FMD was assessed in the absence and in the presence of the NOS
inhibitor Nω-nitro-L-arginine (L-NAME; 10–4 M) and the
CYP450 epoxygenase inhibitor Fluconazole (10–4 M).

Histology
In 5/6 Nx mice, the remnant kidney was removed at sacrifice.
Kidney histological lesions were analysed after Masson’s staining
as previously described (Guerrot et al., 2011). The slides were
independently examined on a blinded basis, using a 0 to four
injury scale for the level of interstitial inflammation, interstitial
fibrosis and glomerulosclerosis at magnification x20 (0: no
damage; 1: <25% of kidney damaged; 2: 25–50% of kidney
damaged; 3: 50–75% of kidney damaged; 4: 75–100% of
kidney damaged). Tubular lesions were analysed at

magnification x10. Vascular thickening and vascular fibrosis
were analysed at magnification x40. The upper half of kidney
was not analysed since it was ischemic in 5/6 Nx groups.

The heart was harvested, weighed and a section of the left
ventricle was snap-frozen for subsequent determination of LV
fibrosis, using 8-µm thick histological slices stained with Sirius
Red as previously described (Guerrot et al., 2011).

Statistical Analyses
Data were expressed as mean values ± SEM. Comparison between
groups was performed by one-way ANOVA, followed by Tukey
multiple comparison post-tests, For FMD, analysis was
performed by two-way ANOVA with Dunnett’s multiple
comparisons test. A value of p < 0.05 was considered
statistically significant. Survival was analysed using Log-rank
(Mantel-Cox) test. Statistical tests were performed with Prism
software version 8 (8.0.2 263).

RESULTS

sEH Activity
Compared to sham-operated mice, we observed an increase in
14,15-DHET-to-14,15-EET ratio in 5/6 Nx mice treated with the
vehicle (Figures 1A,B), demonstrating increased sEH activity. As
expected, this increase was reduced by the sEH inhibitor t-AUCB.
The 11,12-DHET-to-11,12-EET ratio followed the same trend as

FIGURE 1 | Plasma concentration 14,15-DHET to 14,15-EET ratio (A) at sacrifice (n � 8–10 per group). ***p < 0.001: Nx 5/6 vehicle vs. sham, **p < 0.01: Nx
5/6 t-AUCB vs. sham. Body weight evolution (C) from right Nx (month 0) to month 3 (n � 12–14 per group). ***p < 0.001: Nx 5/6 vehicle vs. sham, **p < 0.01: Nx
5/6 t-AUCB vs. sham. Survival (D) (n � 12–17 per group).
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14,15-DHET-to-14,15-EET ratio but the effects was less marked
and that there was no change in 8,9-DHET-to-8,9-EET. In
addition, 5/6 Nx was associated with an increase in HETE
plasma levels that was prevented by t-AUCB (Supplementary
Figures S1A–C).

Body Weight, Survival
Body weight increased in sham-operated mice from surgery to
sacrifice but not in 5/6 Nx mice treated with either vehicle or
t-AUCB (Figure 1B), without significant change in survival
between groups. (Figure 1C).

Kidney Parameters
The onset of CKD was demonstrated by a significant increase in
plasma creatinine 1 and 3 months after 5/6 Nx (Figure 2A) which
was not prevented by t-AUCB. In addition, the urine volume 1
and 3months after surgery and the urine albumin/creatinine ratio

at 3 months increased to a similar extent in 5/6 Nx mice treated
with vehicle or t-AUCB (Figures 2B,C). Similarly, the
development of glomerulosclerosis, interstitial fibrosis,
inflammation, tubular injury and vascular lesions induced by
5/6 Nx was not modified by t-AUCB (Figures 3A–E,
Supplementary Figure S3).

Systemic Hemodynamics and Cardiac
Parameters
Compared to sham-operated mice, 5/6 Nx mice treated with
vehicle or t-AUCB followed a similar pattern of increase in
systolic arterial pressure after surgery. While systolic arterial
pressure was not significantly increased after 1 month, both
groups similarly presented a significant increase at 3 months
post 5/6 Nx (Figure 4A). One month after 5/6 Nx LVEF and E/A
ratio were non-significantly altered, while both parameters

FIGURE 2 | Evolution of plasma (A) creatinine 1 and 3months after 5/6 Nx (n � 7–12 per group). ***p < 0.001: Nx 5/6 vehicle vs. Sham, ***p < 0.001: Nx 5/6 t-AUCB
vs. Sham, *p < 0.05: Nx 5/6 vehicle vs. Sham, **p < 0.01: Nx 5/6 t-AUCB vs. Sham, ns: not-significant. Diuresis evolution (B) 1 and 3 months after Nx 5/6 (n � 8–12 per
group). ***p < 0.001: Nx 5/6 vehicle vs. Sham, ***p < 0.001: Nx 5/6 t-AUCB vs. Sham, **p < 0.01: Nx 5/6 vehicle vs. Sham, **p < 0.01: Nx 5/6 t-AUCB vs. Sham, ns: not-
significant. Comparison of urinary albumin to creatinine ratio (C) (n � 5-7 per group). *p < 0.05: Nx 5/6 vehicle vs. Sham, ***p < 0.05: Nx 5/6 t-AUCB vs. Sham, ns:
not-significant. Urinary sodium to creatinine ratio (n � 8–12 per group). ns: not-significant.
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decreased significantly 3 months after 5/6 Nx in mice treated with
vehicle but not in mice treated with t-AUCB (Figures 4B,C). In
addition, t-AUCB prevented the increase in heart weight as well
as LV fibrosis induced by 5/6 Nx (Figures 4D,E and
Supplementary Figure S3). This was observed while t-AUCB
was able to prevent the increase in urinary aldosterone, but not in
plasma FGF-23 nor heart expression of ICAM-1 and VCAM-1
mRNA (Supplementary Figures S2A,B).

Vascular Parameters
FMD was abolished in 5/6 Nx mice treated with vehicle and fully
prevented by t-AUCB (Figure 5A). FMD was decreased by
L-NAME in sham-operated mice without significant effect of
fluconazole infusion (Figure 5B), demonstrating a predominant
role of NO in this response. However, FMD restoration in 5/6 Nx
mice treated with t-AUCB was mainly due to the potentiation of
CYP450-dependent pathway, as shown by the significant
decrease induced by the CYP450 epoxygenases inhibitor
fluconazole but not by L-NAME. In agreement with the
improvement in endothelial function, t-AUCB prevented the
increase in plasma sVCAM-1 (Figure 5C).

DISCUSSION

This study provides the first demonstration that
pharmacological inhibition of sEH prevents the
development of cardiac and vascular disorders due to CKD,
independently of kidney function.

The experimental model of 5/6 Nx used here led to a
significant and progressive decrease in kidney function, with
increased albuminuria and chronic kidney lesions on
histology. As is the case in human CKD, this was associated
with the onset of hypertension, diastolic and mild systolic
dysfunctions, heart hypertrophy, and endothelial dysfunction.
These results are in accordance with previously published studies
in rodent models of subtotal nephrectomy and provide a reliable
experimental setting to analyse the CV consequences of CKD (Ma
and Fogo, 2003; Siedlecki et al., 2009; Winterberg et al., 2016;
Neuburg et al., 2018; Hamzaoui et al., 2020).

5/6 Nx was associated with an impaired arachidonic acid
metabolism, characterized by an increase in 14,15-DHET-to-
14,15-EET, and of pro-inflammatory HETEs. Since EETs have
potent vasodilator, anti-inflammatory and anti-fibrotic
properties, we hypothesized that promoting a more
physiological balance with a pharmacological inhibitor of sEH,
the key enzyme of EETs degradation, may have beneficial effects
on both the heart and the vessels in this setting. As expected, the
administration of t-AUCB prevented the increase in the DHETs/
EETs ratio in 5/6 Nx mice.

Importantly, t-AUCB administered for 3 months did not
modify the kidney consequences of 5/6 Nx. 5/6 Nx mice
treated with t-AUCB presented a similar increase in plasma
creatinine, albuminuria and kidney lesions compared to mice
treated with vehicle. These results were in accordance with a
previous study by Jung O et al (Jung et al., 2010), where no
difference in kidney histological damage was observed when mice
were treated by c-AUCB, the cis-isomer of t-AUCB which

FIGURE 3 | Scoring of kidney lesions at sacrifice (n � 7–12 per group). (A) Tubular damage lesions, (B) Glomerular sclerosis lesions, (C) Interstitial fibrosis lesions,
(D) Interstitial inflammation lesions, (E) Vascular thickening lesions. ****p < 0.0001: Nx 5/6 vehicle vs. Sham, **p < 0.01: Nx 5/6 t-AUCB vs. Sham, ***p < 0.001: Nx 5/6
vehicle vs. Sham, **p < 0.01: Nx 5/6 vehicle vs. Sham, *p < 0.05: Nx 5/6 t-AUCB vs. Sham, ns: not-significant.
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possesses similar potency against sEH activity, during 8 weeks. 5/
6 Nx mice treated with t-AUCB showed no difference in urine
output when compared to vehicle, and no difference in sodium
excretion. In contrast, previous studies have reported an increase
in sodium excretion, related to a decreased reabsorption of
sodium as the consequence of tubular effects of EETs (Pavlov
et al., 2011; Wang Q. et al., 2013; Wang et al., 2014; Schragenheim
et al., 2018). The discrepancy with our results could be explained
by the predominant impact of severely decreased glomerular
filtration rate, reducing the tubular effects of EETs. After 5/6
Nx, no difference in albuminuria was observed between mice
treated with t-AUCB and vehicle. On the contrary, Jung O et al
(Jung et al., 2010) reported increased albuminuria with c-AUCB.
This difference could be explained by the longer duration of
treatment in our study (8 weeks vs. 3 months) that could allow
normalization of arachidonic acidmetabolism imbalance induced
by short-term inhibition of sEH. In fact, in the previous study
(Jung et al., 2010), sEH inhibition was shown to potentiate the
formation of pro-inflammatory HETEs while in our study,
HETEs were reduced by 3 month t-AUCB administration. In
addition, given that 14,15-DHET-to-14,15-EET remained
elevated compared to sham mice, we could hypothesize that
only a partial blockade of sEH occurs, allowing to prevent the
shift of arachidonic acid from the CYP450 pathway into the LOX

pathway. Accordingly, studies performed in hyperglycaemic
overweight mice and mice fed a high-fat diet (Roche et al.,
2015b; Luo et al., 2019) even suggest beneficial effects of
t-AUCB on albuminuria and kidney lesions.

The analysis of direct effects of treatments on CV
complications associated with CKD is frequently limited by a
parallel impact of the treatment on the kidney disease. In the
present study the fact that t-AUCB had no significant impact on
kidney function and lesions after 5/6 Nx provides an ideal setting
to investigate the direct CV impact of sEH inhibition in type 4
cardiorenal syndrome.

Mice treated with t-AUCB showed improving systolic and
diastolic heart function induced by 5/6 Nx when compared with
vehicle. In addition, the increase in heart weight and the onset of
LV fibrosis were blunted by t-AUCB. In CKD, progressive diffuse
myocardial fibrosis and LV hypertrophy contribute to impair the
relaxation of the cardiac wall (Zannad Faiez and Rossignol
Patrick, 2018). sEH inhibition prevents cardiac hypertrophy in
experimental models based on angiotensin II infusion (Ai et al.,
2009), aortic banding (Xu et al., 2006), renovascular hypertension
(two kidney one clip) (Gao et al., 2011; Wang Z. H. et al., 2013)
and metabolic disease related to obesity and insulin resistance
(Roche et al., 2015a). This preventive effect was associated with a
reduction of myocardial fibrosis, as observed in our study.

FIGURE 4 | Systolic arterial pressure (A) 3 months after surgery (n � 9–12 per group). *p < 0.05: Nx 5/6 vehicle vs. Sham, *p < 0.05: Nx 5/6 t-AUCB vs. Sham, ns:
not-significant. Systolic cardiac function (B) evaluated by left ventricular ejection fraction (LVEF) in echocardiography (n � 7–12 per group). **p < 0.01: Nx 5/6 vehicle vs.
Sham, ns: not-significant Nx 5/6 t-AUCB vs. Sham. Diastolic cardiac function (C) evaluated by E to A ratio measured in echocardiography (n � 7–12 per group).
****p < 0.0001: Nx 5/6 vehicle vs. Sham, **p < 0.01: Nx 5/6 t-AUCB vs. Sham. Comparison in heart weight after sacrifice (D) (n � 9–12 per group). **p < 0.01: Nx 5/6
vehicle vs. Sham, ns: not-significant Nx 5/6 t-AUCB vs. Sham. Comparison of left ventricular (LV) fibrosis area to LV area (n � 7–11 per group). *p < 0.05: Nx 5/6 vehicle
vs. Sham, ns: not-significant Nx 5/6 t-AUCB vs. Sham.
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Experimental and clinical evidences point out a role of FGF-23 in
CKD-associated cardiac hypertrophy since FGF-23 increases in
patients with CKD and its concentration is correlated to cardiac

hypertrophy (Faul et al., 2011; Isakova et al., 2011). In our study,
plasma FGF-23 increased after 5/6 Nx without normalization by
t-AUCB. This suggests that the beneficial effect of t-AUCB on the

FIGURE 5 | Flow mediated dilatation (FMD) of second mesenteric resistance artery (A) at sacrifice (n � 5-8 per group). **p < 0.01: Nx 5/6 vehicle vs. Sham,
****p < 0.0001: Nx 5/6 vehicle vs. Sham, $$$$ p < 0.0001 Nx 5/6 vehicle vs. Nx 5/6 t-AUCB, ns: not-significant Nx 5/6 t-AUCB vs. Sham. FMD in basal condition and
after inhibitors (L-NA and Fluconazole) at flow 100 μL/min (n � 5-8 per group). *p < 0.05 flow vs. Flow + L-NA, $ p < 0.05 flow vs. Flow + Fluconazole. ns: not-significant.
Plasma soluble VCAM1 concentration (C) at sacrifice (n � 5–10 per group). **p < 0.01: Nx 5/6 vehicle vs. Sham, ns: not-significant Nx 5/6 t-AUCB vs. Sham.

FIGURE 6 | Type 4 cardio-renal syndrome and impact of EETs modulation by t-AUCB.
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heart is independent of FGF-23. Cardiac hypertrophy can be an
adaptive response to the increased afterload related to arterial
hypertension. Inhibition of sEH reduced blood pressure in
several studies in mice and rats (Yu et al., 2000; Huang et al.,
2007; Gao et al., 2011) but t-AUCB had no significant effect on the
increase of systolic blood pressure after 5/6 Nx, excluding blood
pressure as themediator of t-AUCB beneficial effects in this setting.
Similarly, Jung O et al (Jung et al., 2010) reported no reduction of
hypertension with an inhibitor of sEH after subtotal nephrectomy.
In fact, the anti-hypertensive effect of sEH inhibition is usually only
observed in angiotensin II-dependent hypertension models, which
is only partially the case in this setting (Jung et al., 2005).

FMD of resistance arteries is a gold-standard technique to
measure the endothelial function in experimental settings. FMD
was fully abolished after 5/6 Nx in mice treated with vehicle but was
not affected in Nx mice treated with t-AUCB compared to sham-
operated mice. Complete dilatation of the mesenteric artery after
incubation with SNP, a donor of NO, was observed in all groups
showing normal smoothmuscle cell function. Together, these results
clearly demonstrate that the endothelial dysfunction associated with
CKD in our study was prevented by sEH inhibition. Moreover, the
improved FMD observed with t-AUCB was predominantly
mediated by EETs since ex vivo inhibition of this pathway with
fluconazole blunted FMD. Furthermore, plasma soluble VCAM-1, a
surrogate marker for endothelial dysfunction, was sharply increased
after 5/6 Nx and t-AUCB prevented this increase. Accordingly,
similar improvement in endothelial function associated with
inhibition of sEH has been observed in animal models of
hypertension and insulin resistance (Gao et al., 2011; Zhang
et al., 2011; Roche et al., 2015a). In CKD, endothelial dysfunction
is multifactorial and considered as an important mediator of CV
diseases (Jourde-Chiche et al., 2019). At the organ level, functional
and structural alterations of endothelial cells promote inflammation,
hypoxia and mesenchymal transition, which are putative
mechanisms of cardiac fibrosis in CKD (Yu et al., 2000; Zannad
Faiez and Rossignol Patrick, 2018). Together, the protection against
microvascular endothelial dysfunction could be a mediator of the
cardiac beneficial effects elicited by t-AUCB after 5/6 Nx. EETs
modulation effects observed in our study were summarized in
Figure 6.

CONCLUSION

This study provides the first evidence that inhibiting sEH
prevents the endothelial dysfunction and cardiac
consequences associated with experimental CKD. These
beneficial CV effects were independent of both kidney
function and hypertension. Preventing EETs degradation by
the blockade of sEH therefore appears as a novel and relevant
target for the long-term management of type 4 cardiorenal
syndrome.
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