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Abstract

Epoxyeicosatrienoic acids (EETs) are lipid signaling molecules formed from arachidonic acid by 

the action of CYP450s. EETs cause vasodilation, exert anti-inflammatory effects, and enhance 
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insulin secretion and sensitivity in rodents. EETs are metabolized to less active DHETs by soluble 

epoxide hydrolase (sEH), and 14,15-DHET has been reported to be increased in patients with 

primary aldosteronism, but the effects of aldosterone on EET concentrations and sEH activity are 

unknown.

We tested the hypothesis that treatment of primary aldosteronism would alter EET concentrations 

in humans. We studied nine patients with primary aldosteronism before and at least three months 

after unilateral adrenalectomy (six) or treatment with a mineralocorticoid (MR) antagonist (three). 

Circulating total EET concentrations increased to 18.5±12.6 from 11.9±5.9 nM with treatment of 

primary aldosteronism (P=0.027). Among the regioisomers of EETs, 14,15-EET significantly 

increased after treatment, whereas 11,12-EET and 8,9 EET were unaltered. Total DHET 

concentrations and specific regioisomers of DHET did not change significantly. Circulating total 

EETs (ρ=−0.52, P=0.026), 14,15-EET (ρ=−0.56, P=0.015) and 11,12-EET (ρ=−0.48, P=0.042) 

correlated inversely with aldosterone. We also assessed EETs after a 12-hour aldosterone or 

vehicle infusion in a randomized cross-over study in healthy volunteers. Plasma EETs were similar 

after 12-hour aldosterone or vehicle infusion. Lastly, three-day infusion of aldosterone in mice 

decreased EET concentrations in adipose and muscle and increased sEH expression as determined 

by molar ratio of DHETs to EETs and soluble epoxide hydrolase (Ephx2) mRNA expression in 

adipose tissue. These studies suggest that prolonged exposure to increased aldosterone decreases 

EET concentrations.

Graphical Abstract
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Introduction

Epoxyeicosatrienoic acids (EETs) are lipid signaling molecules formed from arachidonic 

acid by the action of cytochrome P450s (predominately CYP2C and CYP2J).1 EETs cause 

vasodilation, exert anti-inflammatory effects, and enhance insulin secretion and sensitivity in 

rodent models.2–6 EETs are hydrolyzed to their less-active diols, dihydroxyeicosatrienoic 

acids (DHETs), by soluble epoxide hydrolase (sEH).7, 8 Thus, factors that reduce EET 

concentrations, such as increases in sEH activity, may be expected to promote 

vasoconstriction, inflammation and insulin resistance.

Increased sEH expression and decreased EET concentrations contribute to hypertension and 

end-organ damage during activation of the renin-angiotensin-aldosterone system in rodent 

models. For example, Ang II infusion increases expression of sEH in the heart and kidney of 

rats,9, 10 and treatment of human endothelial cells with angiotensin II (Ang II) increases sEH 

expression via the binding of c-Jun to AP-1 sites in the sEH promoter.11 Conversely, 

administration of an sEH inhibitor or stable EET analog reduces Ang II-induced injury.12–14 

Whether increased sEH activity or decreased EETs contribute to the cardiovascular effects 

of excess aldosterone has not been studied extensively. sEH deficient mice are protected 

against hypertension and renal inflammation in a deoxycorticosterone acetate/high salt-

induced model of mineralocorticoid receptor (MR)-mediated hypertension.15 In addition, 

whereas aldosterone causes sodium retention by activating the epithelial sodium channel 

(ENaC), EETs inhibit ENaC.16 In a single study in humans, Liu et al reported that serum 

14,15-DHET concentrations are increased in patients with primary aldosteronism compared 

to patients with essential hypertension and correlate with aldosterone concentrations.17 The 

authors inferred that 14,15-DHET concentrations reflected EET production, but did not 

measure EET concentrations or sEH activity.

This study tested the hypothesis that aldosterone alters EET concentrations in humans. To 

determine the contribution of endogenous aldosterone to EET concentrations, we measured 

circulating EET concentrations in patients with primary aldosteronism before and after 

surgical resection of an aldosterone-secreting adenoma or medical treatment with an MR 

antagonist. We measured EET regioisomers using a highly specific mass spectrometric 

assay. To further assess the mechanism for changes in EET concentrations, we measured 

sEH activity in plasma. We next measured the effect of overnight infusion of exogenous 
aldosterone on plasma EET concentrations in a double-blind, placebo-controlled crossover 

study in healthy men and women. We also assessed the effect of sustained three-day 

treatment with aldosterone on EET concentrations in liver, adipose, and muscle in mice.
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Methods

This article adheres to the American Heart Association Journals implementation of the 

Transparency and Openness Promotion Guidelines. The data that support the findings of this 

study are available from the corresponding author on reasonable request.

Human Study 1: Effect of treatment of primary aldosteronism on plasma EET 
concentrations

Patients with a primary aldosteronism were enrolled at Vanderbilt University Medical Center 

(VUMC) and the Brigham and Women’s Hospital in a study designed to determine the effect 

of reducing excess aldosterone on insulin secretion and sensitivity (NCT02362308). The 

details of the protocol are provided elsewhere.18 In brief, patients age 18 to 70 years with 

primary aldosteronism were identified prospectively by physician referral and medical 

record review. After informed consent was obtained, participants underwent a screening 

history and physical exam and were included if they met the following criteria for primary 

aldosteronism: 1) screening plasma aldosterone ≥ 15 ng/dL or aldosterone-to-renin ratio of ≥ 

40 (or ≥ 30 if on ACE inhibitor) and 2) confirmatory testing by either failure to suppress 

aldosterone to <7 ng/dL after intravenous saline infusion or urinary aldosterone excretion ≥ 

12 μg/day while urine sodium excretion ≥200 mmol/day. Females of child-bearing potential 

were excluded unless they were willing to use adequate birth-control and undergo pregnancy 

testing throughout the study. Other exclusion criteria included prior diagnosis of diabetes or 

use of anti-diabetic medication, potassium >5.5 mmol/L, sodium <135 mmol/L, allergy to 

study medications, or major cardiovascular, renal, hepatic, pulmonary, neurologic, or 

psychiatric disorders.

Participants were studied after withdrawal of any MR antagonist or amiloride for six weeks 

prior to definitive treatment, and again three to twelve months after unilateral adrenalectomy 

(six patients) or initiation of MR antagonist therapy (three patients). To standardize sodium 

intake on each study day, patients were provided a calorie-controlled weight-maintenance 

diet containing 160 mmol/d sodium 100 mmol/d potassium, and 1000 mg/d calcium under 

the guidance of study dieticians. On the 5th and 7th day of diet we conducted hyperglycemic 

and euglycemic clamps, respectively. One participant consented only for the hyperglycemic 

clamp. Body composition was measured by dual energy X-ray absorptiometry (DEXA) once 

during each study period, with a GE Lunar model IDXA Absorptiometer. Blood for 

measurement of plasma EETs was collected prior to the initiation of the hyperglycemic and 

hyperinsulinemic clamps.

Human Study 2: Effect of overnight infusion of aldosterone on plasma EET concentrations

Healthy volunteers were enrolled at VUMC in a study designed to assess the effect of acute 

aldosterone infusion on glucose-stimulated insulin secretion (NCT00732160) and described 

previously.19 Individuals with a body mass index ≥30 kg/m2, fasting glucose >110 mg/dL, 

anti-diabetic medication use, serum triglycerides >150 mg/dL, total cholesterol >200 mg/dL, 

supine blood pressure >130/85 mmHg, recent glucocorticoid therapy, renal insufficiency, 

serum potassium < 3.5 mEq/L, or any serious medical condition were excluded. Participants 

were provided a 20 mmol/d sodium, calorie-controlled diet for nine days and a 160 mmol/d 
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sodium diet for seven days. Diets were similar in caloric content from carbohydrate (56%), 

fat (27%), and protein (17%) and were controlled for potassium (80 mEq/d) and calcium (10 

mEq/d).

Participants presented to the Vanderbilt Clinical Research Center in the evenings of the sixth 

and eighth days of the low-sodium diet and of the fourth and sixth days of the high-sodium 

diet. Beginning at 10 pm, they underwent a 12.5-hour, overnight infusion of either 

aldosterone (0.7 μg/kg/h in 5% dextrose water, Professional Compounding Corporation of 

America) or vehicle in a randomized, double-blind, crossover fashion during both low and 

high salt intake. Hyperglycemic clamps were performed during the last two hours of each 

infusion. Serum potassium was monitored, and potassium supplementation was administered 

as necessary to maintain the serum potassium greater than 3.7 mEq/L prior to the initiation 

of the clamp. The procedure and data from the clamp studies have been reported previously. 

For this study, we analyzed EETs in plasma samples that were collected for this purpose at 

the end of aldosterone and vehicle infusion during low (N=3) and high (N=16) salt intake. 

Because there was no significant effect of salt intake and the number of samples collected 

during low salt intake was small, we analyzed samples collected during low and high salt 

intake together.

Mouse study: Effect of three-day administration of aldosterone on tissue EET 
concentrations

All experiments were approved by the Vanderbilt Institutional Animal Care and Use 

Committee, and NIH principle of laboratory animal care were followed. Aldosterone (1.5 

µg/day, Sigma-Aldrich; n=8) or vehicle (0.9% sodium chloride, 1.25% DMSO; n=8) was 

infused via osmotic minipump (Alzet Model 1003D, Alza, Palo Alto, CA) in 20–25 g male 

wild-type C57BL/6J mice (Jackson Laboratories, Bar Harbor, ME, USA). After minipump 

implantation, mice were provided standard chow and free access to water. After three days 

mice were euthanized under anesthesia, and tissues were then collected and snap frozen in 

liquid nitrogen (gonadal adipose, liver, and gastrocnemius muscle). Tissues were stored at 

−80°C until analysis, and then EET and DHET regioisomers were analyzed.

Laboratory Analysis

Plasma steroid concentrations were measured by liquid chromatography-tandem mass 

spectrometry at the University of Michigan as previously described.20, 21 Blood for plasma 

glucose was immediately centrifuged and analyzed using the glucose oxidase method (YSI 

2300 STAT Plus Glucose Analyzer YSI Life Sciences; Yellow Springs, IL). Blood was 

collected in EDTA and plasma was separated and stored at −80ºC until assayed. Aprotinin 

was added to plasma for measurement of insulin and C-peptide by radioimmunoassay. 

Insulin, C-peptide, and ACTH were determined by RIA in the Vanderbilt Diabetes Research 

Translational Center Hormone Assay laboratory.

Plasma EETs, DHETs, epoxy-12Z-octadecenoic acids (EpOMEs), and dihydroxy-12Z-

octadecenoic acids (DiHOMEs) were quantified using ultra-performance liquid 

chromatography/tandem mass spectrometry with select reaction monitoring (SRM) on a 
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triple quadrupole mass spectrometer equipped with an electrospray source (ESI) operated in 

the negative ion-mode.16

Plasma sEH activity was measured by the hydration of pharmacologic concentrations of 

EETs or EpOMEs to their respective DHETs or DiHOMEs. Activity was performed in 50 µl 

of human plasma with 50 µl of 0.1M NaPi (PH 7.4) containing 0.1 mg/ml BSA or 100 µl of 

plasma. After pre-warming the plasma to 37°C, 50 µM (1 mM, 5 µl EtOH) of EET or 

EpOME was added. Samples were then incubated for 10 min at 37°C in a shaking water 

bath. Reactions were stopped by the addition of 5 ml of AcOEt containing 0.5% AcOH 

(v/v), followed by addition of 2 ng of D11-DHETs or D4-DiHOMEs (internal standards) and 

1 ml of 0.15M KCl, and centrifugation at 3000 X g for 1 min. The organic phase was 

separated from the mixture and evaporated to dryness under a N2 stream in a 37°C water 

bath. Each sample was dissolved in a mixture of 15 mM-aqueous AcONH4 (PH 8.3): 

CH3CN (1:1, v/v), followed by centrifugation at 23,000 X g for 3 min. The supernatant (10 

µL) was injected onto a Waters Acquity UPLC coupled with a TSQ Vantage Mass 

Spectrometer for product- DHETs or DiHOMEs -quantification as previously described.
16, 22

Total RNA was extracted from adipose tissues of treatment and control groups using TRIzol 

Reagent (Invitrogen) followed by clean up with RNeasy Mini Kit (Qiagen). RNA was 

reverse transcribed to cDNA using iScript™ Reverse Transcription Supermix (BIO-RAD). 

qPCR was performed to evaluate Ephx2 mRNA expression level with GAPDH as a 

housekeeping control. Gene expression was evaluated by comparing the mRNA expression 

of the gene of interest with GAPDH utilizing the comparative CT method for Bio-Rad qPCR 

system.23 Primer sequences are provided in Table S1.

Statistical analysis

Continuous variables are presented as mean ± standard deviation, unless otherwise 

indicated. Within-patient comparisons were made using the Wilcoxon signed rank test, and 

unpaired comparisons were made using Wilcoxon rank sum test. In patients with primary 

aldosteronism, two pretreatment measurements of EETs were averaged (one before each 

clamp study), as were post-treatment measurements. Correlations between measures were 

assessed using Spearman’s rho (ρ). To account for multiple comparisons, we set false 

discovery rate (FDR) at 0.05 using the FDR-controlling procedures by Benjamini and 

Hochberg within a group of endpoints.24 All statistical analyses were conducted using R 

(version ≥ 4.0).25 A two-sided p-value less than 0.05 was considered significant.

Results

Effect of treatment of primary aldosteronism on plasma EETs

Among nine patients with primary aldosteronism, six were treated with adrenalectomy and 

three were treated by administration of a MR antagonist. The characteristics of these patients 

appear in Table S2 and have been published previously.18 Treatment significantly decreased 

serum aldosterone and 11-deoxycorticosterone, whereas serum potassium trended higher 

(Table S3). Android body fat increased significantly after treatment (Table S3).
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Plasma total EETs (18.5±12.6 vs 11.8±5.9 nmol/L; P=0.027) and 14,15-EETs (11.0±8.6 vs 

6.1±3.7 nmol/L; P=0.12) were significantly increased following treatment compared to prior 

to treatment of primary aldosteronism (Figure 1). DHET concentrations did not change 

significantly after treatment. There was no difference in EET concentrations after treatment 

between those who underwent adrenalectomy and those who were treated with an MR 

antagonist (Figure S2, total plasma EETs 16.2±10.3 vs 23.1±17.9 nM in adrenalectomized 

patients and in patients treated with an MR antagonist; P=0.64).

To determine whether the increase in EET concentrations observed following treatment of 

primary aldosteronism resulted from decreased sEH activity, we measured plasma sEH 

activity by incubation of plasma with pharmacological concentrations of EETs and EpOMEs 

to determine the rate of hydrolysis to their respective DHET and DiHOME products. We 

also calculated the molar ratio of each DHET to EET + DHET isomer in plasma [DHET:

(EET+DHET)]. There was no effect of treatment on the ex vivo hydrolysis of 14,15-EET, 

11,12-EET, 12,13-EpOME, or 9,10-EpOME (Table S4). The hydrolysis of exogenous 8,9-

EET to 8,9-DHET was significantly increased following treatment (0.80±0.03 vs 0.66±0.03 

pmol/mL/min; P=0.027), but the molar ratio of endogenous 8,9-DHET to 8,9-(EET+DHET) 

(0.7±0.2 vs 0.7±0.1, P=0.82) and other EETs were not significantly changed (Table S5, total 

DHET:(EET+DHET) ratio shown in Figure 1C). Thus, a decrease in the activity of sEH, the 

primary mediator of EET hydrolysis, does not appear to mediate the increase in EET 

concentrations.

We next assessed the relationship between EET concentrations and aldosterone 

concentrations measured before and after treatment. Aldosterone correlated inversely with 

14,15-EET (ρ=0.56, P=0.015), 11,12-EET (ρ=0.48, P=0.042), and total-EETs (ρ=0.52, 

P=0.026) (Figure 2). Total EETs and all regioisomers correlated inversely with plasma 

cortisol and with ACTH concentrations, but these correlations were not significant after 

adjustment for multiple comparisons. There was also no correlation between any EET 

isomer and other steroids measured (Table S6).

There was no relationship between body weight or body composition and aldosterone. 

Weight correlated inversely with 14,15-EET and total EETs (Table 1). Fat mass measured by 

DEXA, correlated inversely with 14,15-EET, and % android fat correlated inversely with 

14,15-DHET:(EET+DHET) ratio. During the hyperinsulinemic clamp, glucose infusion rate 

(GIR) a measure of insulin sensitivity, correlated with 14,15-EET (ρ=0.58, P=0.036), 8,9-

EET (ρ=0.56, P=0.036), and total EETs (ρ=0.64, P=0.027) (Figure S2).

Effect of acute overnight infusion of aldosterone on plasma EETs

Plasma aldosterone increased to 48.26±15.50 from 9.35±7.23 ng/mL ng/mL (p<0.001) after 

overnight infusion of aldosterone and did not increase significantly after overnight infusion 

of vehicle (to 11.17±11.22 from 8.10±5.87 ng/mL). Plasma 14,15-EET tended to be lower 

during aldosterone infusion compared to during placebo (Figure 3), but this difference was 

not significant (P=0.08). There was no significant effect of acute aldosterone infusion on any 

of the other EET isomers or on total plasma EETs.
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Effect of three-day infusion of aldosterone on tissue DHETs and EETs in mice

EET, DHET, EPOME, and DiHOME concentrations were similar in liver from mice treated 

with aldosterone and vehicle (Table 2). In contrast, the concentration of 8,9-DHET, the 

molar ratio of DHETs to EETs, and the molar ratio of DiHOME to EPOME were all 

significantly increased in adipose tissue from aldosterone-treated mice compared to controls. 

Aldosterone significantly increased soluble epoxide hydrolase in adipose tissue, as 

determined by the expression of Ephx2 mRNA (4.24±1.75 vs 1.71±1.31 AU, P=0.03, Figure 

S3).

In muscle, 11,12-DHET and total DHET were significantly increased, while 14,15-, 11,12-, 

and total EET concentrations were significantly decreased in aldosterone-treated mice 

compared to controls. The molar ratio of DHET to EET was also increased in the muscle of 

aldosterone-treated mice compared to controls.

Discussion

EETs act as vasodilatory and anti-natriuretic factors, which generally oppose the pro-

hypertensive effects of aldosterone. The factors which regulate endogenous EET production 

and hydrolyzation in humans are largely unknown, and the effect of aldosterone on EET 

concentrations has not been reported previously. Our novel findings show that circulating 

plasma EET concentrations increase following treatment of primary aldosteronism, 

suggesting that chronic elevation of endogenous aldosterone decreases EETs. Supporting 

studies in mice demonstrate that these changes are accompanied by increased expression of 

sEH and hydrolyzation of EETs to their inactive DHETs.

The significantly increased EET concentrations in patients treated with an MR antagonist as 

well as those treated with adrenalectomy suggests that aldosterone decreases EETs through 

an MR-dependent mechanism, but further studies are needed to test this hypothesis. The 

increase in EETs with treatment of primary aldosteronism was driven primarily by an 

increase in 14,15-EET and was seen in patients treated either by surgical resection of an 

aldosterone-producing tumor or by MR antagonism. Other alterations, such as increased 

renin and Ang II concentrations after successful treatment of primary aldosteronism could 

also contribute to increased EET concentrations. For example, Ang II increases adrenal zona 

glomerulosa cell EET and DHET production which contributes to increased adrenal blood 

flow, and this vascular response is prevented by inhibition of EET synthesis or 

administration of the EET antagonist 14,15-EEZE 26 Ang II has not been demonstrated to 

affect EET production in other tissues or circulating EETs, but has been shown to increase 

Ephx2 expression which could counteract these effects.11 Plasma cortisol concentrations 

exceed aldosterone concentrations by 100 to 1000-fold, which can activate the MR in many 

tissues due to a similar affinity of the MR for cortisol and aldosterone. In aldosterone-

sensitive tissues, conversion of cortisol to the MR-inactive cortisone by 11β-hydroxysteroid 

dehydrogenase confers specificity for aldosterone.27 In the present study, treatment of 

primary aldosteronism reduced circulating aldosterone and 11-deoxycorticosterone 

concentrations without affecting cortisol concentrations. Nevertheless, we also observed an 

inverse relationship between ACTH, 11-deoxycortisol and cortisol and EETs. Taken 
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together, these data suggest that activation of the MR by either aldosterone or cortisol 

decreases plasma EET concentrations.

Increased adrenal steroids and MR activation may decrease EET concentrations either by 

decreasing EET production from arachidonic acid via CYP2C and CYP2J or by increasing 

hydrolysis of EETs to DHETs by sEH. We did not detect a change in plasma sEH activity in 

humans, measured by the ex vivo conversion of EETs or EpOMEs to their DHET or 

DiHOME products, after treatment of primary aldosteronism. To the contrary, there was a 

significant increase in 8,9-EET epoxide hydrolase activity. Because sEH is a more specific 

hydrolase against 14,15- and 11,12 EET,28 the change in 8,9 EET hydrolase activity may 

reflect changes to a yet-to-be-determined hydrolase enzyme or accumulation of a compound 

which specifically impairs 8,9-epoxide hydrolase activity. We also did not detect a change in 

the molar ratio of any DHET to EET isoform with treatment of primary aldosteronism or 

acute infusion of aldosterone overnight. In contrast, aldosterone increased the molar ratio of 

DHETs to EETs or DiHOMEs to EpOMEs in mice and increased mRNA expression of 

adipose Ephx2. Further studies are needed to determine the effects of aldosterone on the 

balance of EET production and metabolism in humans.

Our studies suggest that aldosterone impairs EET metabolism chronically, but not acutely. In 

the only prior cross-sectional clinical study to assess the effect of chronic elevated 

aldosterone excess, 14,15-DHET concentrations determined by ELISA positively correlated 

with aldosterone concentrations and aortic calcification in patients with primary 

aldosteronism, but EETs were not measured.17 Our colleagues also demonstrated that 

plasma aldosterone correlates positively with plasma total DHETs in participants with 

hypertension that is salt-resistant, but not in those that are salt-sensitive.29 Because they also 

demonstrated that dietary sodium altered circulating and urinary EETs and DHETs, we 

provided a diet with constant dietary sodium in the current study. The cross-over design of 

these studies also avoids the potential confounding effects of obesity and medication use, 

which were similar during both treatment periods. While decreasing aldosterone 

concentrations or giving an MR antagonist for at least three months resulted in increased 

circulating EET concentrations, we did not find a significant effect of acute (12.5-hour) 

overnight infusion of aldosterone on plasma EET concentrations in healthy participants, 

even though circulating aldosterone concentrations were significantly increased. Treatment 

of primary aldosteronism could increase EET concentrations via an indirect mechanism 

other than decreased aldosterone concentrations or decreased MR activation. More likely, 

our findings indicate that chronic exposure to aldosterone is necessary to induce decreased 

EET production. In this regard, total EET concentrations trended downward after overnight 

aldosterone infusion. Unfortunately, it is not feasible to infuse aldosterone for longer periods 

in humans and other maneuvers to increase aldosterone chronically also increase Ang II or 

affect volume status. Instead, we assessed the effect of a three-day exposure to exogenous 

aldosterone on EET concentrations and sEH activity in mice, which provides a longer time 

period but avoids the confounding effects of hypertension or prolonged hypokalemia. 

Aldosterone administration for three days decreases EET concentrations in adipose tissue 

and muscle, but not in liver.
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Animal studies demonstrate that EETs contribute to hypertension via effects in the 

vasculature and kidney. In the kidney, 11,12-EET and 14,15-EET synthesized in the cortical 

collecting duct in response to high salt intake inhibit ENaC and enhance sodium excretion.30 

In the kidney, 11,12-EET and 14,15-EET inhibit ENaC in the collecting duct.31 Disruption 

of the arachidonic acid epoxygenase Cyp2c44 in mice results in decreased EET 

concentrations and the development of ENaC-dependent hypertension in response to a high 

sodium or potassium diet.30 In the vasculature, EETs act as endothelium-derived relaxing 

factors and regulate resistance vessel tone. In the adrenal vasculature, Ang II increases 

adrenal cortical blood flow via an EET-dependent mechanism.26, 32 Reduced EET 

concentrations are associated with endothelial dysfunction in patients with hypertension, and 

Cyp2c44 disruption impairs endothelium-dependent vasodilation.31, 33 The therapeutic value 

of increasing EETs in humans requires further research, however, and currently available 

drugs have not been reported to increase EETs. Inhibition of EET hydrolysis with a sEH 

inhibitor improves bradykinin-induced arterial vasodilatation, but sEH inhibitors are not yet 

approved for clinical use.34 EET analogues have beneficial effects in pre-clinical studies, but 

have not yet been studied in humans.31 The current study demonstrates that reducing 

aldosterone or blocking the MR in patients with mineralocorticoid excess could provide an 

alternative approach to increasing EETs in humans.

Circulating EET concentrations are decreased in rodent models of obesity and have been 

previously associated with insulin sensitivity. Consistent with prior rodent studies,35 we 

found an inverse relationship between weight, fat mass, and android fat with circulating EET 

concentrations. The glucose infusion rate during hyperinsulinemic clamps, a marker of 

insulin sensitivity, correlated positively with circulating EET concentrations. This 

relationship is consistent with previously reported association with insulin sensitivity as 

measured by hyperglycemic clamp or intravenous glucose tolerance tests.33, 36 These data 

are also consistent with rodent models of obesity indicating that decreased EETs or genetic 

Cyp2c44 deletion are associated with insulin resistance.33, 37 Administration of an sEH 

inhibitor or an EET mimetic can increase insulin sensitivity in rodents, but the effects in 

humans are unknown.38–40 EETs may increase insulin sensitivity by acutely improving 

insulin-stimulated capillary recruitment and tissue perfusion, or chronically by increasing 

tissue capillary density.41

Increasing EETs is an attractive therapeutic approach which could confer cardiovascular 

benefit by increasing insulin sensitivity and reducing blood pressure. The inverse 

relationship between EETs and aldosterone, and prior research in rodents suggests that EETs 

may oppose the actions of aldosterone in humans.

Perspectives

Inappropriately elevated aldosterone concentrations in patients with hypertension has been 

associated with increased morbidity and mortality. EETs are lipid signaling molecules 

formed from arachidonic acid by CYP450s that cause vasodilation and exert anti-

inflammatory effects. We report for the first time that treatment of primary aldosteronism 

either by adrenalectomy or MR antagonism increases circulating EETs in humans. 

Consistent with these results, treatment of mice with aldosterone decreases EETs and 
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increases the expression of sEH, the enzyme hydrolyzing EETs to their less active 

metabolites DHETs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

1. What is new?

• Chronically elevated endogenous aldosterone, but not acute 

administration of aldosterone overnight, decrease circulating EETs.

• Circulating EETs correlated negatively with plasma aldosterone and 

insulin sensitivity.

• Aldosterone administration decreases EETs and increases soluble 

epoxide hydrolase mRNA expression in adipose tissue in mice.

2. What is relevant?

• Aldosterone actions may be mediated in part by promoting 

hydrolyzation of the vasodilatory and anti-natriuretic EETs.

3. Summary:

• Treatment of primary aldosteronism by either surgical 

adrenalectomy or mineralocorticoid receptor antagonism increases 

plasma EETs, which may confer cardiovascular and metabolic 

benefits.
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Figure 1: Plasma 14,15- and Total EETs increased after treatment of primary aldosteronism.
Plasma total (▼), 14,15- (●), 11,12- (●), and 8,9 (○)-epoxyeicosatrienoic acid (EET, A) 

and dihydroxyeicosatrienoic acid (DHET, B) concentrations before (Pre) and three to twelve 

months after (Post) treatment of primary aldosteronism. Soluble epoxide hydrolase (sEH) 

activity was estimated indirectly by the molar ratios of individual and total DHET/(EET

+DHET) (C). Data for individual EET concentrations appear in Figure S1.
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Figure 2: Plasma aldosterone inversely correlates with EETs in participants with primary 
aldosteronism.
Correlation between plasma aldosterone and plasma 8,9-EET (A), 11,12-EET (B), 14,15-

EET (C), and total EETs (D) concentrations in participants with primary aldosteronism.
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Figure 3: Plasma EETs, DHETs, and ratios in participants receiving aldosterone infusions.
Plasma total (▼), 14,15- (●), 11,12- (●), and 8,9 (○)-epoxyeicosatrienoic acid (EET, A), 

DHET concentrations (B) and DHET:EET+DHET ratio (C) did not change significantly 

after 12.5-hour overnight infusion of aldosterone versus vehicle in healthy volunteers.

Luther et al. Page 17

Hypertension. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Luther et al. Page 18

Table 1:

Correlation between epoxyeicosatrienoic acid (EET) concentrations and measures of body composition or 

steroids

Measure 14,15-EET 11,12-EET 8,9-EET Total EETs 14,15-DHET:(DHET+EET)

Body Weight ρ=−0.72
P=0.01

ρ=−0.52
P=0.12

ρ=−0.44
P=0.20

ρ=−0.66
P=0.030

ρ=−0.28
P=0.52

Fat mass ρ=−0.67
P=0.028

ρ=−0.46
P=0.19

ρ=−0.45
P=0.20

ρ=−0.61
P=0.056

ρ=−0.45
P=0.20

% Android Fat ρ=−0.6
P=0.057

ρ=−0.51
P=0.13

ρ=−0.55
P=0.099

ρ=−0.6
P=0.057

ρ=−0.67
P=0.028

Corticosterone ρ=−0.11
P=0.83

ρ=−0.2
P=0.67

ρ=−0.24
P=0.59

ρ=−0.14
P=0.77

ρ=−0.1
P=0.85

Cortisol ρ=−0.49
P=0.14

ρ=−0.53
P=0.11

ρ=−0.52
P=0.12

ρ=−0.54
P=0.10

ρ=−0.4
P=0.28

MHigh-dose Insulin ρ=0.6
P=0.093

ρ=0.48
P=0.22

ρ=0.58
P=0.11

ρ=0.65
P=0.057

ρ=0.69
P=0.044

P-values are adjusted according to Benjamini and Hochberg. ρ indicates Spearman’s rank correlation ρ. ACTH indicates adrenocorticotropic 
hormone, and M indicates glucose infusion rate during high-dose insulin infusion, the primary measure of insulin sensitivity during 
hyperinsulinemic clamp.
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