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Abstract

Objective—Activation of CYP2C29 releases superoxide during shear stress-induced dilation 

(SSID).

Methods—Mesenteric arteries isolated from female eNOS-KO and WT mice were cannulated 

and pressurized. Vasodilation and superoxide production in response to shear stress were assessed.

Results—SSID was significantly attenuated in vessels of eNOS-KO compared to WT mice, 

which was normalized by tempol and PEG-Catalase, in a PPOH (inhibitor of CYP2C29)-sensitive 

manner, but was unaffected by VAS2870 and allopurinol, inhibitors of NADPH oxidase and 

xanthine oxidase, respectively. NaNO2-induced dilation was comparable in both strains of mice. 

Confocal microscopy shows that SS-stimulated superoxide was increased particularly in the 

endothelium of eNOS-KO mice. HPLC analysis of 2-EOH indicated an increase in SS-stimulated 

superoxide in vessels of eNOS-KO mice, a response that was sensitive to PPOH. Inhibition of 

soluble epoxide hydrolase significantly enhanced SSID without affecting SS-stimulated 

superoxide production. CYP2C29 and catalase were upregulated, and exogenous H2O2 caused 

vasoconstriction in vessels of eNOS-KO mice.

Conclusion—CYP2C29 synthesizes EETs to mediate SSID, and simultaneously releases 

superoxide and sequential H2O2, which in turn, impair SSID.
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Introduction

Cardiovascular protective effects of CYP/epoxygenase on catalyzing arachidonic acids to 

produce EETs have been well established [6,10]. The dark side of activation of CYP is that 

it continuously produces ROS via a consumption of NADPH by microsomal 

monooxygenases, implying that CYP enzyme(s) is the contributor(s) to the cellular 

production of ROS [6]. On the other hand, the ability of CYP enzymes to generate ROS is 

isoform-specific. Although the enzymes of CYP2E family have long been linked to 

oxidative stress [28,39], it is now believed that the CYP2C epoxygenases need to be taken 
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seriously, as sources of ROS in the cardiovascular system. Non-specific CYP inhibitors in 

the prevention of ischemia/reperfusion-induced myocardial damage have been attributed to 

suppression of CYP-dependent ROS production [12], but direct administration of EETs 

protects against ischemia/reperfusion-, as well as hypoxia/reoxygenation-induced oxidative 

stress, endothelial injury and apoptosis [2,8,42]. CYP2C and 2J enzymes are the 

predominant arachidonic acid epoxygenase in the vasculature [3,4,10]. In human vascular 

endothelium, CYP2C9 has been demonstrated to be a major source of ROS [11], but 

CYP2J2 is not [30]. Overexpression of CYP2C8 in mouse heart worsens functional recovery 

and increases infarct size after ischemia/reperfusion, in an ROS-dependent manner [9], but 

transgenic mice with myocardial CYP2J2 expression improves functional recovery after 

ischemia [30]. Therefore, the enzymatic source of CYP may be a critical factor with respect 

to its net effect on cardiovascular system, in terms of divergent mechanisms that are 

beneficial for cardiovascular function of EETs and detrimental for simultaneous production 

of ROS.

CYP2C29 was the first mouse CYP2C member identified in 1994 [26] and has been mainly 

detected in liver, brain, kidney, heart, intestine, adrenals, aorta, seminal vesicles, testis and 

ovary [34,35]. We firstly reported the detection of CYP2C29 in vascular endothelium, as 

functions of estrogen and NO deficiency [33]. In vessels of female eNOS-KO mice, 

CYP2C29 enzyme releases EETs to mediate shear stress-induced dilation that otherwise, is 

mediated by NO and prostaglandins in their WT controls [15-18,40]. Notably, although 

shear stress-induced dilation was essentially preserved in NO deficient female arteries, via a 

CYP2C29/EET-mediated pathway, the pathological relevance of lacking NO was revealed 

by requiring a greater wall shear stress value than those of normal vessels to achieve a 

dilation of similar magnitude [15,18], implying an impaired endothelial sensitivity to shear 

stress. In this context, actions of CYP2C29 in the production of superoxide/hydrogen 

peroxide (H2O2), followed by consequential alterations in antioxidant signaling attracted 

considerable attention. We hypothesized therefore, that during the process of synthesis and 

release of EETs in response to shear stress, CYP2C29 simultaneously produces superoxide 

that accounts for the impaired shear stress-sensitive mechanism in NO deficient vessels. 

Consequently, the increased superoxide serves as an initiator to potentiate the metabolic 

pathway of O2
-./SOD/H2O2/CAT/H2O+O2 by an adaptive regulation of SOD or catalase. To 

test these hypotheses, we measured superoxide production in shear stress-stimulated vessels 

isolated from female eNOS-KO mice, in which shear stress-induced vasodilation is solely 

mediated by CYP2C29-derived EETs [33]. Additionally, interactions between the activation 

of CYP2C29 and expression of ROS-metabolizing enzymes were also assessed. We 

believed that unlike the well-known effect of superoxide/H2O2 on NO-mediated responses, 

roles of superoxide/H2O2 in EET-mediated responses are yet, unknown.

Materials and Methods

Animals

12-14 weeks old female eNOS-KO (B6.129P2-Nos3tm1Unc/J; stock number: 002684) and 

wild-type (WT) mice (C57BL/6J) were purchased from Jackson Laboratories. One group of 

WT mice received L-NAME, an inhibitor of nitric oxide synthase, in their drinking water 
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(50 mg/100ml) for three weeks. All protocols were approved by the Institutional Animal 

Care and Use Committee of New York Medical College and conform to the guidelines of 

the National Institutes of Health and the American Physiological Society for the use and 

care of laboratory animals.

Shear stress-induced vasodilation

As described previously [31], mice were sacrificed by inhalation of 100% CO2. After that, 

second-order mesenteric arteries (100-140 μm in active diameter) were isolated and 

cannulated in a vessel chamber and perfused with MOPS-buffered physiological salt 

solution (PSS) at 37°C, pH 7.4. Intravascular pressure was maintained constantly at 80 

mmHg. After 1 h of stabilization, vessels developed spontaneous tone that reached to a basal 

tone of ∼65% their maximal diameter. Initial values of shear stresses (5, 10 and 20 

dyne/cm2) were applied to the vessels, followed by recording changes in diameter. Wall 

shear stress was established by increasing perfusate flow via a syringe pump (Harvard 

Apparatus). The flow rate was calculated based on the diameter of each vessel. In separate 

experiments, shear stress-induced dilation was assessed in the presence of tempol (10-3M), a 

superoxide scavenger; VAS2870, (5×10-6M; Enzo Life Sciences), that has been used to 

inhibit vascular NADPH oxidase in cultured cells and isolated vessels, and has been 

demonstrated to have higher specificity in the inhibition of vascular NADPH oxidase than 

that of diphenylene iodonium or apocynin [20,37]; allopurinol (10-5M), an inhibitor of 

xanthine oxidase; PPOH, (5×10-5M), an inhibitor of CYP/epoxygenase; AUDA, (3×10-6M), 

an inhibitor of soluble epoxide hydrolase (sEH) that catalyzes EETs to DHETs, which in 

general, have less or lacking biological activity than EETs; or PEG-Catalase (100U/ml) 

respectively. Additionally, H2O2 (10-9-10-4M) was cumulatively administered to eNOS-KO 

vessels, followed by recording changes in diameter. Dilation to an NO donor (acidified 

NaNO2, 10-10-10-6M) was also assessed in vessels of both strains of mice. At the conclusion 

of experiments, vessels were incubated in a Ca2+-free solution with 1mM EGTA for 10 min 

and the passive diameter of vessels was then recorded.

Detection of Superoxide

Vascular superoxide production was assessed by a confocal microscopy of DHE staining 

method to identify the localization of superoxide in vessels [21], and also by a HPLC/

fluorescence detector-based assay to quantitate 2-EOH (a superoxide-induced oxidative 

product of DHE) in isolated and perfused vessels [43], respectively. In order to obtain a 

sufficient amount of sample (internal area of vessels), first-order mesenteric arteries were 

used in the experiments.

Confocal Microscopy—Cannulated arteries were perfused with PSS at 80 mmHg. DHE 

(10 μM) was administered intra- and extraluminally for 30 min. After that, vessels were 

continuously stimulated with 10 dyne/cm2 shear stress for 10 min. Vessels were then cut 

longtitudinally and removed from the cannulae. Vessel segments were fixed in 4% 

paraformaldehyde for 10 min and adhered to glass slides with the endothelium facing up for 

fluorescent confocal microscopy (Bio-Rad MRC 1024ES/Olympus 1×70, UPlanFl 40× 

objective).
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HPLC analysis—Isolated and pressured vessels were intraluminally administered with 

DHE (10 μM) for 30 min, followed by stimulation with 10 dyne/cm2 shear stress for 10 min. 

Vascular diameter and length were measured. Basal release of superoxide was also 

measured in DHE-treated vessels without shear stress stimulation. After that, vessels were 

washed and homogenized in a mixture of acetonitrile and water (1:1), and a 20 μl of the 

supernatant was injected into a HPLC with fluorescence detector (PU-2080 Plus/FP2020 

Plus, Jasco). In separate experiments, shear stress-stimulated superoxide was assessed in the 

presence of VAS2870, AUDA or PPOH respectively. Standard curves of 2-EOH (0.3 - 5 

pmol) were performed and concentrations of vascular superoxide were normalized to the 

internal surface area of vessels, expressed as pmol/mm2.

Western blots

Isolated mesenteric arteries were incubated in Laemmli buffer at 4° C for one hour, and then 

subjected to a one-minute sonication with a 10-minute interval in ice for two times, followed 

by 5-min boiling. Samples were loaded on a 10% SDS-PAGE gel. Proteins were transferred 

to a PVDF membrane, and probed with antibodies to CuZn-SOD, Mn-SOD (Calbiochem 

Novabiochem Co. CA), gp91phox (Santa Cruz biotechnology, Inc. CA), human CYP2C9 

(Biodesign International, Saco, ME), catalase or xanthine oxidase (Abcam Inc. MA) 

respectively, and secondary antibodies. Highly homologous and comparable product profiles 

between human CYP2C9 and mouse CYP2C29 have already been proven [29,33]. Specific 

bands were normalized to GAPDH.

Real time RT-PCR (LightCyclerTM Roche Diagnostics)

Oligonucleotide primers for CYP2C29 were purchased from Qiagen (QIAGEN, 

#QT01076880). Primers for catalase (sigma Genosys) were designed as follows: 5′-

GTGCTAATGAAGACAATGTCACTC-3′ (sense) and 5′-

TCAGCGTTGTACTTGTCCAGAAG-3′ (antisense). Gene expressions were normalized to 

GAPDH. A relative quantitation method (ΔΔCt) was used to evaluate the relative expression 

of each gene in two groups of mice. All primer products were verified on a 1.5% Agarose 

gel.

Calculation and Statistical analysis

Changes in diameter in response to increases in shear stress in each vessel were normalized 

to its passive diameter. Intraluminal flow (Q) was calculated based on the equation of 

τ=4ηQ/πr3, where τ is the level of shear stress, η is the viscosity of the perfusate solution 

(0.007 poise at 37°C), and r is the radius of vessels [15,18]. Data are expressed as means ± 

SEM. N/n refers to the number of mice/vessels. Statistical analysis was performed using 

repeated-measures of ANOVA followed by the Tukey-Kramer post hoc test and Student's t-

test. Statistical significance was accepted at a level of p<0.05.

Results

A total of 26 female eNOS-KO and 23 female WT mice were used. The average active (125 

± 7.4 vs 120 ± 6.5 μm) and passive (211 ±10 μm vs 210 ± 11 μm) diameter of mesenteric 

arteries, at 80 mmHg of intravascular pressure, were comparable in two groups of mice.
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Reduced endothelium-dependent shear stress-induced dilation in vessels of eNOS-KO 
mice

To evaluate shear stress sensitive mechanism of vessels, shear stress-induced dilator 

responses were assessed. Figure 1 shows that 5, 10 and 20 dyne/cm2 shear stress dose-

dependently initiated vasodilation in both strains of mice. However, at each value of shear 

stress, vessels of eNOS-KO mice exhibited significantly attenuated dilator responses 

compared to WT mice, indicating a reduced endothelial sensitivity to shear stress. This 

result is consistent with our previous findings that vessels lacking NO require a greater value 

of shear stress than normal vessels to achieve a dilation of similar magnitude [15,18]. 

However, the endothelium-independent vasodilation to acidified NaNO2 was comparable in 

both strains of mice, suggesting normal smooth muscle responsiveness. Since CYP2C29-

derived EETs are the only mediators responsible for the shear stress-induced dilation in 

vessels of female eNOS-KO mice [33], we speculate that activated CYP2C29 

simultaneously releases superoxide that in turn, impairs endothelial sensitivity to shear 

stress. To test this hypothesis, shear stress-induced vasodilation was performed in the 

presence of tempol. As shown in Figure 2 that tempol normalized dilator responses in 

vessels of eNOS-KO mice, but did not affect responses of WT mice. Moreover, neither 

VAS2870 nor allopurinol affected, but PPOH abolished the tempol-induced improvement of 

vasodilation in eNOS-KO mice, confirming a CYP2C29-dependent response. In line with 

the result, protein expression of CYP2C29 was significantly increased in vessels of eNOS-

KO compared to WT mice, whereas expressions of NADPH oxidase subunit gp91 and 

xanthine oxidase in both strains of mice were comparable (Figure 3).

Shear stress-stimulated, CYP2C29-derived superoxide in arteries of eNOS-KO mice

To provide evidence for the release of superoxide via activating CYP2C29, we used both 

qualitative and quantitative methods to localize intracellular superoxide and analyze its 

concentration in vessels. Confocal microscopy of DHE staining shows that in response to 10 

dyne/cm2 shear stress, superoxide production was increased particularly in the endothelial 

layer of eNOS-KO compared to WT mice (fluorescence intensity: 1,750,000 vs 600,128, 

Figure 4a), but was comparable in smooth muscle layer of both groups of mice (fluorescence 

intensity: 2,540,146 vs 2,211,753, Figure 4b).

Figure 5 indicates that basal release (expressed as B) of superoxide was identical in vessels 

of WT and eNOS-KO mice. Shear stress-stimulated (expressed as SS) release of superoxide 

was four-fold higher in vessels of eNOS-KO than WT mice, in the latter, the level of shear 

stress-stimulated superoxide was comparable to its basal release. To determine the source 

responsible for the enhanced superoxide formation, vessels were pre-treated with PPOH or 

VAS2870 before exposure to shear stress. PPOH eliminated shear stress-stimulated 

superoxide release that however, was not influenced by VAS2870, suggesting that 

CYP2C29 enzyme is the responsible contributor to the shear stress-stimulated generation of 

superoxide in eNOS-KO vessels.
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Changes in metabolic pathways for superoxide/hydrogen peroxide in vessels of eNOS-KO 
mice

To evaluate the pathophysiological relevance of enhanced superoxide in the regulation of 

oxidative/antioxidtive signaling, we evaluated vascular expression of SOD and catalase, 

enzymes that play crucial roles in the process of superoxide metabolism. Western blot 

analysis indicates that expression of catalase was significantly increased in eNOS-KO 

compared to WT controls, whereas, expressions of Mn- and Cu/Zn-SOD were comparable 

in both groups of mice (Figure 6). Interestingly, upregulation of catalase was specifically 

initiated in WT vessels when their expression of CYP2C29 were increased in response to L-

NAME treatment (Figure 7), revealing a correlation between the two genes. Additionally, a 

possible role of H2O2 in shear stress-induced dilation was also evaluated. We found that 

treatment of eNOS-KO vessels with a sEH inhibitor (AUDA) significantly enhanced shear 

stress-induced dilations in a PPOH-sensitive manner, but had no effect on the superoxide 

production (Figure 8a-b). AUDA is able to increase systemic and cellular EET levels via the 

reduction of EET degradation [6], therefore it enhanced shear stress-induced dilation in an 

EET-dependent manner. We also found that PEG-CAT that had no effect on shear stress-

induced dilation of WT vessels, significantly improved the attenuated dilation in eNOS-KO 

vessels (Figure 8c), responses that were similar to those initiated by tempol (Figure 2). 

Moreover, exposure of vessels to lower doses of H2O2 (10-9-10-8M) initiated minor dilator 

responses that became vasoconstrictions in response to higher doses of H2O2 (10-7-10-5M) 

(Figure 8d). Vessels were eventually damaged in response to 10-4M H2O2, characterized as 

loss of vascular tone, failure of constriction to phenylephrine, and the endothelial 

detachment (data not shown). These findings argue against the possibility that H2O2 is a 

dilator mediator for the shear stress-induced dilation, but rather it impairs vasodilations.

Discussion

The major findings of the present study are that in mesenteric arteries of female eNOS-KO 

mice, CYP2C29 epoxygenase is a superoxide generating enzyme that produces superoxide 

and consequently the formation of H2O2, to impair endothelial sensitivity to shear stress. 

Thus, the impact of superoxide/H2O2 on the EET-mediation of shear stress-induced dilation 

was for the first time, revealed. Moreover, findings that activation of CYP2C29 initiates an 

upregulation of catalase that in turn, protects against the superoxide/H2O2-induced 

endothelial dysfunction illustrate a profile of the interactions among EETs, superoxide and 

H2O2 during the process of shear stress-dependent regulation of vascular tone.

We previously demonstrated that mouse CYP2C29 and rat CYP2C7 are endothelial EET 

synthase, when these enzymes are activated by shear stress, they produce four isoforms of 

EETs to hyperpolarize vascular smooth muscle, leading to vasodilation [16]. This EDHF-

dependent vasodilation functions as a back-up mechanism in the maintenance of shear 

stress-dependent regulation of vascular tone in NO deficient vessels, via an estrogen-

dependent activation of phosphatidylinositol 3/Akt signaling [17]. Whereas the maintained 

flow-induced dilation in NO deficiency is associated with a reduced endothelial sensitivity 

to shear stress [15,18,40], questions were therefore, raised as whether superoxide plays a 

role in the responses, and if so, what is the superoxide generating source in the vessels.
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CYP2C29-derived superoxide contributes to the impaired shear stress-induced dilation

We indicated that the attenuated shear stress-induced dilation in arteries of eNOS-KO mice 

was attributed to the action of superoxide, as evidenced by the fact that treatment of the 

vessels with a superoxide scavenger normalized the responses (Figures 1 and 2). Given that 

CYP2C29 epoxygenase is the major, if not only, endothelial enzyme responsible for the 

mediation of endothelium-dependent, shear stress-induced vasodilation in female eNOS-KO 

mice ([33] and Figure 2), it raises intriguing possibilities that CYP2C29 epoxygenase is the 

superoxide generating enzyme, and if so, the derived superoxide is mainly endothelium-

located. Indeed, confocal microscopy indicates a predominant DHE staining in the 

endothelial layer of eNOS-KO vessels (Figure 4), suggesting an endothelium-specific 

superoxide formation. Inhibition of vascular NADPH and xanthine oxidase failed to affect 

shear stress-stimulated release of superoxide (Figure 5) and vasodilation (Figure 2), leaving 

CYP2C29 as the most probable candidate for the PPOH-sensitive formation of superoxide in 

the endothelium of eNOS-KO mice. All these functional (Figures 1 and 2) and biochemistry 

(Figures 4 and 5) results in combination with the molecular evidence for the upregulation of 

CYP2C29 (Figure 3) support our conclusion that CYP2C29 is a physiologically relevant 

source of ROS.

Unlike established mechanisms by which superoxide inactivates NO to impair shear stress-

induced dilation [19-21,31,41,43], the mechanistic insight as to how superoxide directly 

interferes with EETs to reduce endothelial sensitivity to shear stress in the absence of NO, 

remains unexplored. Some possibilities including a direct action of ROS on vascular smooth 

muscle cells, or activation of inflammatory kinases to increase vascular tone have been 

suggested [3]. In the absence of NO, superoxide dismutation becomes a mayor metabolic 

process, leading to the formation of H2O2 that can cause endothelial dysfunction [36]. In 

agreement with that, PEG-CAT significantly improved shear stress-induced dilation in 

vessels of eNOS-KO mice (Figure 8c), revealing a specific role of H2O2 in the responses. 

More directly, the vasoconstrictor responses caused by H2O2 (Figure 8d) supported further 

that actions of H2O2 in vascular smooth muscle counteract vasodilator responses to shear 

stress. Thus, we draw the conclusion that both superoxide and H2O2 coordinately contribute 

to the impairment of endothelial sensitivity to shear stress in eNOS-KO mice.

In addition of CYP, endothelial NO synthase, COX, xanthine oxidase and NADPH oxidase 

can also generate ROS in amounts that may affect vascular function [27]. In this context, 

one can challenge our results by auguring why activations of eNOS and COX responsible 

for NO- and prostaglandin-mediated dilations of WT mice [15], are unassociated with 

increases in superoxide release (Figure 5). In this regard, we believe that although activation 

of eNOS/or COX may also initiate the release of superoxide, an oxidative balance is tightly 

maintained by NO. Superoxide reacts with NO three to four times faster than it reacts with 

SOD when especially, NO level is relatively high [38]. This explanation fits well with 

observations that the estrogen-dependent genomic and non-genomic potentiation of NO 

synthesis and bioavailability [14] in female WT mice benefit its antioxidant actions. 

Moreover, tempol and PEG-CAT did not affect shear stress-induced dilation in vessels of 

WT mice (Figures 2a and 8c), in which expression of nitrotyrisine, an indicative of 

peroxynitrite formed by the reaction of superoxide with NO, was very low [20,43], 
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suggesting negligible impacts of superoxide in the modulation of vascular function in 

physiological conditions.

Adaptation of ROS metabolizing signaling in response to activation of CYP2C29

Intriguingly, the present study revealed a correlation between CYP2C29 and catalase in NO 

deficient vessels, characterized as the parallel changes in the expression of these two genes 

(Figures 3a, 6a and 7). We noted that when shear stress-induced dilation mediated by NO/

prostaglandins (in WT) was switched to that mediated by EETs (in NO deficiency) 

[17,32,33], catalase expression was consequentially increased, emerging a relationship 

among EETs, superoxide and H2O2. Given that CYP2C29 produces superoxide, and that 

catalase is one of the key enzymes during the superoxide/H2O2 metabolizing process, it is 

plausible to speculate that increased superoxide per se, serves as a trigger to activate its 

degradation via perhaps, potentiation of catalase activity. On the other hand, CYP2C29 

releases EETs that are capable of regulating catalase, for instance, exogenous administration 

of EETs dose- and time-dependently increases catalase expression and activity, 

accompanied by the attenuation of arsenic trioxide-stimulated superoxide/H2O2 production 

in cultured cells [23]. Moreover, the lack of NO-dependent inhibition of catalase [38] in 

eNOS-KO vessels may also benefit its expression.

Although H2O2 served as an EDHF in human [24,44] and porcine [1,13] coronary, as well 

as mouse mesenteric arteries [25] has been documented, the present study basically excludes 

the vasodilator property of H2O2 in the shear stress-induced dilation. We demonstrated that 

inhibition of sEH to increase vascular EETs [6,7] without effects on CYP2C29 activity and 

superoxide/H2O2 formation, significantly enhanced shear stress-induced dilations in a 

PPOH-sensitive manner (Figure 8a-b). This suggests that EETs, but not H2O2, are decisive 

mediator of the responses. In addition, elimination of H2O2 restored attenuated dilator 

responses (Figure 8c), but administration of it caused vasoconstrictions (Figure 8d), 

indicating that H2O2 prevent but not mediate, shear stress-induced dilation in NO deficient 

vessels. The discrepancy between our and other studies might be attributed to the differences 

in animal models, genders, experimental preparations, tissues/vasculatures and vasoactive 

stimuli selected, etc., leading to the lack of consensus in the definition of EDHFs. 

Specifically, an interaction between EETs and H2O2 has been proposed, characterized as the 

inhibition of CYP epoxygenases by H2O2 [22]. To this end, an upregulation of catalase in 

response to increases in superoxide/H2O2 may function as a compensatory mechanism to 

alleviate H2O2-induced inhibition of CYP and maintain EET-mediated dilator pathway.

Perspectives—Our results suggest that endothelial CYP2C29, expressed in mesenteric 

arteries, is not only an EET synthase but also a potential major source of ROS within the 

vessel wall. Taking into account the detrimental effect of activating CYP2C29 to release 

superoxide/H2O2 that in turn, alter shear stress sensitive mechanisms, our results seem 

somewhat gratifying given that an upregulation of catalase in these vessels may be a key 

step in the control of oxidative/antioxidative process in vivo. On the other hand, the net 

effects of CYP2C29 in terms of its beneficial verses detrimental actions on the 

cardiovascular system have not fully been clarified, leading to the conflicting results in 

response to therapeutic strategies that target to CYP genes/enzymes. In this context, the 
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actions of sEH inhibitors in the regulation of EET degradation but not synthesis, to increase 

circulating and vascular EET levels have attracted considerable attention. Indeed, studies 

involving the specific role of sEH inhibitors in the regulation of blood pressure and 

potentiation of vascular functions (Figure 8a) have been carried out, and sEH inhibitors are 

currently under investigation in phase II clinical trials for the treatment of hypertension and 

type 2 diabetes [7], and also in the phase I single- and multiple-dose studies in healthy 

human volunteers [5].
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Abbreviations

AUDA 12-(3-adamantan-1-yl-ureido)-dodecanoic acid
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CAT catalase

COX cyclooxygenase

CYP cytochrome P450

DHE dihydroethidium

DHETs dithdroxyeicosatrienoic acids

EDHF endothelium-derived hyperpolarizing factor

EETs epoxyeicosatrienoic acids

eNOS-KO endothelial nitric oxide synthase knockout

2-EOH 2-hydroxyethidium

H2O2 hydrogen peroxide

HPLC high-performance liquid chromatography

L-NAME NG-nitro-L-arginine-methyl ester

O2
-. superoxide

PEG-CAT polyethylene glycol-catalase

PPOH 6-(2-proparglyoxyphenel) hexanoic acid

ROS reactive oxygen species

sEH soluble epoxide hydrolase

SOD superoxide dismutase

VAS2870 3-benzyl-7-(2-benzoxazolyl)thio-1,2,3-triazolo(4,5-d)pyrimidine

WT wild type
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Figure 1. 
Shear stress (a) (5, 10 and 20 dyme/cm2)- and NaNO2 (b)-induced dilations in mesenteric 

arteries of female WT (N/n=15/19) and eNOS-KO (N/n=14/20) mice. *Significant 

difference from WT mice.
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Figure 2. 
Shear stress-induced dilation in mesenteric arteries of female WT (N/n=6/7) and eNOS-KO 

(N/n=6/8) mice, in controls and in the presence of tempol, and tempol plus PPOH (a), or in 

the presence of VAS2870 or allopurinol (b) respectively (N/n=5/6 in each group). 

*Significant difference from controls of eNOS-KO mice.
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Figure 3. 
Protein expression of CYP2C29 (a), gp91phox (b, a subunit of NADPH oxidase), and 

xanthine oxidase (c) (3 blots per group) in mesenteric arteries of female WT and eNOS-KO 

mice. *Significant difference from WT mice.
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Figure 4. 
Shear stress-stimulated superoxide formation in mesenteric arteries of female WT and 

eNOS-KO mice. The red color in the cells represents the level of superoxide. Endothelial 

cells (EC) are aligned horizontally and smooth muscle cells (SMC) aligned vertically (a). 

Panel b summaries histogram data of the four shown in panel a. Only red color was analyzed 

and the fluorescent intensity (corresponding to superoxide formation) was calculated as the 

product of the mean intensity and total red pixels. ,
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Figure 5. 
Basal (B) and shear stress (SS, 10 dyme/cm2)-stimulated, with or without VAS2870 and 

PPOH, respectively, superoxide production in mesenteric arteries of female WT (N/n=5/12) 

and eNOS-KO (N/n=5/16) mice. *Significant difference from WT mice; and from basal and 

SS plus PPOH in eNOS-KO mice, respectively.
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Figure 6. 
Protein expression of catalase (a), CuZn-SOD (b) and Mn-SOD (c) in mesenteric arteries of 

female WT and eNOS-KO mice. *Significant difference from WT (3 blots per group).
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Figure 7. 
CYP2C29 and catalase mRNA in mesenteric arteries of female WT mice and WT mice 

treated with L-NAME. *Significant difference from untreated WT mice.
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Figure 8. 
Shear stress (5, 10 and 20 dyme/cm2)-induced dilation (a and c), shear stress (10 dyne/cm2)-

stimulated superoxide (b), and H2O2 (10-9-10-5M)-induced responses (d) in mesenteric 

arteries of female eNOS-KO (N/n=8/18) mice, before and after administration of AUDA and 

AUDA plus PPOH (a), or PEG-CAT and PEG-CAT plus PPOH (c) respectively. 

*Significant difference from the control and the presence of PPOH.
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