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derived epoxidized fatty acids as a therapeutic tool against 
neuroinflammatory diseases
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Abstract

Cytochrome P450 (CYP) metabolism of arachidonic acid (ARA) produces epoxy fatty acids 

(EpFAs) such as epoxyeicosatrienoic acids (EETs) that are known to exert protective effects in 

inflammatory disorders. Endogenous EpFAs are further metabolized into corresponding diols by 

the soluble epoxide hydrolase (sEH). Through inhibition of sEH, many studies have demonstrated 

the cardioprotective and renoprotective effects of EpFAs; however, the role of sEH inhibition in 

modulating the pathogenesis of neuroinflammatory disorders is less well described. In this review, 

we discuss the current knowledge surrounding the effects of sEH inhibition and EpFA action in 

neuroinflammatory disorders such as Parkinson’s Disease (PD), stroke, depression, epilepsy, and 

Alzheimer’s Disease (AD), as well as the potential mechanisms that underlie the therapeutic 

effects of sEH inhibition.

Keywords
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INTRODUCTION

Cytochrome P450s (CYP450) are recognized to be a large family of heme containing 

enzymes active in the metabolism of both xenobiotics and endogenous substrates [1]. The 

enzymes were named due to their chromophore nature that was observed with an emittance 

peak at 450 nm when bound to carbon monoxide. Historically their importance was 
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demonstrated in mediating Phase I metabolism of xenobiotics including pharmaceutical 

therapies and pesticides, however their oxidation of endogenous substrates is now 

understood as an important cell signaling mechanism [2]. Here we review specifically the 

action of the epoxidized fatty acid metabolites resulting from CYP450 action on long chain 

parent polyunsaturated fatty acids (PUFAs). While a large body of literature describes the 

metabolites of arachidonic acid (ARA), we will expand this review to include what is known 

about the biological action of the omega-3 long chain PUFAs when available.

ARA metabolites have a wide range of actions, modulating inflammation, cell proliferation, 

angiogenesis, and immune response [3]. ARA and its 20-carbon metabolites are together 

termed eicosanoids, with much of research historically focusing on the role of 

prostaglandins (PGs) and leukotrienes (LTs) and their role in inflammation, vasodilation/

vasoconstriction, apoptosis, and leukocyte trafficking among others, via a mechanism of 

activating G-protein coupled receptors (GPCRs) [4–6]. Prostaglandins and leukotrienes are 

synthesized from cyclooxygenase (COX) and lipoxygenase (LOX) metabolism of ARA, 

respectively, and COX or LOX inhibition have long been strategies of pharmacological 

intervention against inflammatory disorders, with varying degrees of success [7–11]. The 

biological functions of CYP450 derived epoxidized eicosanoids are less well described 

compared to prostaglandins; however, more evidence is accumulating in recent years 

regarding their anti-inflammatory and vasorelaxant properties [12]. These may include 

epoxyeicosanoids such as the epoxyeicosatrienoic acids (EETs) and the eicosapentaenoic 

acid (EPA) derived epoxyeicosatetraenoic acids (EEQs). Although distinct from eicosanoids 

given their 22-carbon chain length, the docosahexaenoic (DHA) derived 

epoxydocosapentaenoic acids (EDPs) are also considered CYP450 derived epoxy fatty acids 

(EpFAs). In addition, it is likely that similar metabolites of less abundant fatty acids will also 

demonstrate biological action. While these CYP450 synthesized EpFAs share similar 

biological activity as well as the hydrolytic pathway by the soluble epoxide hydrolase (sEH) 

enzyme and to a lesser degree the microsomal epoxide hydrolase (mEH) enzyme, there are 

differences in the substrate affinity and activity among the regioisomers of each PUFA 

metabolites [13–15]. Regardless, most of these EpFAs are relatively stable to chemical 

hydrolysis and nucleophilic substitution and are for the most part transformed by sEH 

activity [14]. However, in the absence of sEH, β-oxidation, chain elongation, and omega, 

omega-1 and other hydroxylation reactions become dominant. Increasingly, reincorporation 

into glycerides, membrane incorporation and other pathways are being found to be 

important.

CYP450 derived eicosanoids also include the ω-hydroxylated 20-hydroxyeicosatrienoic 

acids (HETEs). The CYP4A and CYP4F subfamily derived 20-HETEs are noteworthy due 

to their vasoconstrictive role through inhibiting Ca2+ activated K+ channels (KCa) and 

inhibiting renal Na+-K+-ATPases [16]. Abating 20-HETE synthesis has a therapeutic effect 

against hypertensive and ischemic injury, and therefore a clinical application of this strategy 

in disorders such as stroke and hypertension is under investigation [17, 18]. The omega and 

omega-1 hydroxylation occurs with omega-3 fatty acids as well but no biological role is yet 

established. In a similar vein, EETs have been demonstrated to regulate vascular tone 

through binding to KCa channels, TRPV4 channels, Na+-K+-ATPases, thromboxane receptor 

activation, and activating the Gα mediated cAMP/PKA pathway [19–23].
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Production of EETs is well characterized, whereby ARA is first cleaved off of membrane 

phospholipids by calcium-independent phospholipase A2 (iPLA2) or inducible 

phospholipase A2 (cPLA2) [24, 25]. Less well studied is their release by other enzymes 

such as diacylglycerol lipase. Free ARA is then epoxidized by various CYP450s including 

the CYP2C and 2J subfamilies [26]. ARA is converted by CYP450s into four regioisomers 

of EETs depending on the location of the double bond where the oxygen is inserted namely, 

14,15-EET, 11,12-EET, 8,9-EET, and 5,6-EET. In the case of the CYP2J, it has been 

demonstrated that the oxidation of ARA to 14,15-EET is preferred over other regioisomers 

[27]. The EETs are subsequently hydrolyzed by the sEH (Figure 1) [28]. The sEH enzyme is 

a major regulatory enzyme for all the EpFAs converting them into corresponding vicinal 

diols, specifically for EETs into the dihydroxytrienoic acids (DHETs) which lack the 

biological function of EETs. The sEH catalysis of EETs and all EpFAs is rapid and the 

major route of their conversion, thereby altering the biological effects they exert. 

Alternatively, EETs have other elimination pathways as mentioned above where they 

undergo β-oxidation to form a 16-carbon hexadecadienoic acid or elongate to form a 22-

carbon docosatrienoic acid [29].

Genetic ablation of sEH as well as pharmacological inhibition of sEH through highly potent 

and selective inhibitors increases the bioavailability of EpFA by blocking the conversion of 

EpFA to diols. Significant effort in increasing the bioavailability and stability of sEH 

inhibitors has resulted in molecules such as 1-(4-trifluoro-methoxy-phenyl)-3-(1-

propionylpiperidin-4-yl)urea (TPPU) give sub-nanomolar potency even following oral 

administration [30]. TPPU, as an example of the optimized compounds, has demonstrated 

low to moderate blood brain barrier (BBB) penetration with distribution into the brain, 

though oral administration results in a higher percentage of TPPU in the liver and the heart 

[31]. While sEH inhibitors are thought to increase the local concentration of bioactive EETs, 

it is important to note that they also increase levels of epoxygenated EPA and DHA 

metabolites systemically and diminish diol concentrations. Although DHETs are usually 

regarded as the inactive metabolite of EETs, DHETs may have some biological functions. 

For example, 11,12- and 14,15-DHETs have been shown to contribute to monocyte 

chemotaxis in presence of MCP-1 [32], indicating the possibility that the effect of sEH 

inhibition may be partially mediated by the lack of DHET activity. Inhibition of sEH can 

also prevent formation linoleate derived leukotoxin diols, which have been shown to exert 

greater toxicity than their corresponding epoxides through opening of mitochondrial pore 

transition and facilitating the release of cytochrome c [33, 34]. They also lead to increased 

permeability of vascular endothelium and pulmonary epithelium. Thus, investigation of the 

biological function of PUFA diols will result in a more comprehensive understanding of the 

underlying mechanism of sEH inhibition. Furthermore, sEH efficiently hydrolyzes DHA and 

EPA derived epoxides as well as ARA epoxides [14]. While the in vivo concentration of 

these fatty acids are dependent on diet, ARA and DHA in a brain are roughly similar in 

proportion compared to the concentration of EPA, which is lower than the ARA or DHA 

[35, 36]. The brain and plasma concentrations of EPA, DHA and their metabolites, however, 

are greatly responsive to dietary omega-3 supplementation [35, 37]. Therefore, biological 

effects of EDPs and EEQs should be taken into consideration when assessing the effect of 

sEH inhibition. Furthermore, the proportion of linoleic acid has increased dramatically in the 
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Western diet since the early 20th century, and sEH inhibition may have a notable effect on 

the levels of linoleate diols which are known to exert toxic effect on cells [33, 34, 38].

Presence of sEH and bioactive epoxide in the central nervous system

Relative abundance of sEH can vary depending on species, sex, cell type, exposure to 

hormonal signals and inflammatory conditions among other factors [39–43]. For example, 

testosterone and the peroxisome proliferator-activated receptor (PPAR) agonist clofibrate 

have been shown to increase sEH levels in mouse kidney and liver [39]. Other PPAR 

agonists such as rosiglitazone and troglitazone have also been shown to increase sEH levels 

in murine adipose tissue but not in kidney or liver [40]. In the central nervous system (CNS), 

postmortem analyses of patients with disorders such as depression, bipolar disorder, 

schizophrenia, and Lewy body dementia show increased sEH protein expression, suggesting 

a possible link between sEH expression and neuroinflammation [41, 42]. A similar increase 

in sEH in inflamed tissue is so widely observed that the sEH protein may emerge as a 

marker of inflammation. Investigation of the baseline sEH expression in human CNS using 

immunohistochemical (IHC) staining indicates a wide distribution of sEH in brain regions 

including the thalamus, hypothalamus, cerebellum, hippocampus, basal ganglia, as well as in 

the brain stem and spinal cord which implicates a wide range of spinal and supraspinal 

targets for sEH inhibition [44]. In addition, sEH is present in various cell types including 

oligodendrocytes, endothelial cells, astrocytes, and neural cell bodies [44]. In contrast, 

Marowsky et al. 2009 has demonstrated through IHC staining of mouse brain that sEH 

appears in cerebral cortex, hippocampus, and striatum, though co-localized mostly in 

astrocytes rather than neurons, with the exception of the central amygdala [43]. While 

microglial sEH is not yet well characterized, sEH has been shown to be expressed in the 

BV2 microglial murine cell line [45]. Interestingly, sEH inhibition or ablation can 

suppresses microglial activation both in vitro and in vivo, indicating that sEH expression in 

microglia has a functional relevance in neuroinflammatory disorders [45]. The lack of neural 

sEH stain by Marowsky et al. 2009 may indicate species-specific differences in sEH 

localization, though it is possible that the results may also vary depending on the antibody 

used [46]. While sEH expression is confirmed in rat cortical astrocytes [47], recent 

experiments in our laboratory using methods per Morisseau et al. 2000 [48] reveal sEH 

activity in rat primary cortical neurons comparable to that of astrocytes (Figure 2). Inhibition 

of sEH has a demonstrable anti-inflammatory effect in the CNS and has been shown to act 

on microglia, astrocytes, and neurons to prevent neuroinflammation [42, 45, 49].

Neuroinflammation is a complex process and can be necessary for clearance of debris, glial 

scar, and β-amyloid plaque among other cellular debris that could further the inflammatory 

process if left unmitigated [50, 51]. While understanding the scope of sEH inhibition in the 

CNS is not yet complete, a growing number of investigations are now focusing on the 

therapeutic potential of sEH inhibition in neuroinflammatory diseases. The current 

knowledge surrounding the effect of sEH inhibition in various neuroinflammatory disease 

models is summarized in Table 1. The most recent of these has demonstrated improvements 

in a preclinical model of autism spectral disorder specifically murine maternal immune 

activation [52]. In this review, we will present the current knowledge surrounding the effect 
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of EpFAs and sEH inhibition in neuroinflammatory diseases with an emphasis on the 

possible cellular mechanisms that could underlie such effects.

NEUROVASCULAR DISORDER

While the site, duration, and the subtype (ischemic or hemorrhagic) of stroke may differ, all 

cases cause a temporary disruption of cerebral blood flow. This results in a reduction of ATP 

synthesis and Na+/K+ imbalance, glutamate excitotoxicity, and release of damage associated 

molecular patterns (DAMPs) by neurons that aid in recruitment of pathogenic lymphocytes 

such as NK cells [53–55]. In addition, stroke is associated with compromised BBB integrity, 

leukocyte adhesion and infiltration, iNOS upregulation, COX-2 upregulation, and 

inflammatory cytokine secretion [56].

Stroke

There is evidence indicating that inhibition of sEH elicits a protective effect against ischemic 

stroke in both rat and mice middle cerebral artery occlusion (MCAO) models [57, 58]. For 

example, oral administration of sEH inhibitors AUDA or t-AUCB results in a significantly 

diminished neural apoptosis and infarct size upon MCAO of stroke-prone spontaneously 

hypertensive and Wistar-Kyoto rats [59, 60]. In addition, Shaik et al. 2013 observed that rats 

pretreated with t-AUCB exhibit higher behavioral and neurological scores after MCAO even 

though they did not observe changes in cerebral blood flow [61]. Interestingly, although 

Dorrance et al. 2005 did not detect higher plasma and urinary EETs concentration after 

AUDA treatment [59], Shaik et al. 2013 did measure higher cortical EET to DHET ratios in 

brain cortices of MCAO rats treated with t-AUCB [61]. This discrepancy between plasma 

and cortical EETs level could be explained by the upsurge of PLA2 activity in cortex 

observed during cerebral ischemia [62], which could release membrane bound EETs or 

ARA for CYP450 metabolism into EETs. Furthermore, Tu et al. 2018 demonstrated that 

TPPU treatment upon focal ischemia in rats reduces the infarct volume, improves 

behavioral/neurological score, and reduces the upregulation of cytokine mRNA levels TNF-

α and IL-1β caused by the ischemic stress [57]. These results suggest that the reduction in 

inflammation may mediate the effect of sEH inhibition on the infarct size reduction, 

although sEH inhibition also could be preventing the neural apoptosis directly. While the 

post-treatment effect on the infarct size is less robust than that observed through pre-

treatment using t-AUCB [61], the results still suggest that sEH inhibitors are viable 

pharmacological tools for potential use in a clinical setting to mitigate damages associated 

with ischemic stroke.

EETs Increase VEGF and BDNF—The increased expression of vascular endothelial cell 

growth factor (VEGF) and brain derived neurotrophic factor (BDNF) can mediate the effect 

of sEH inhibition. VEGF overexpression is neuroprotective against intracerebral hemorrhage 

in mice [63], likely through the activation of the neuronal VEGFR2 and PI3K/AKT pathway 

[64]. Primary rat astrocytes treated with TPPU or t-AUCB releases significantly more VEGF 

under oxygen glucose deprivation (OGD) compared to the control conditions, and the effect 

is blocked by the addition of the EET antagonist 14,15-EEZE, suggesting that VEGF 

expression is EET dependent [49]. Furthermore, treatment of endothelial progenitor cells 
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with t-AUCB increases VEGF and hypoxia-inducible factor (HIF-1α) in a dose dependent 

manner, an effect partially blocked by the PPAR-γ inhibitor GW9662 [65]. Since EPA 

dependent increase in VEGF expression involves a GPCR and PPAR-γ activation [66], it is 

plausible that EETs may also be acting in a similar fashion to induce VEGF expression. In 

addition, BDNF can also mediate the neuroprotective effect of sEH inhibition. For example, 

administration of AUDA for seven days following a MCAO treatment in mice increases the 

protein expression of mature BDNF, and sEH KO mice exhibit higher basal levels of BDNF 

receptor neuronal tropomyosin receptor kinase B (TrkB) and phosphorylated TrkB levels 

compared to wild type controls [67]. The effect of AUDA treatment on the MCAO infarct is 

abrogated by an intracerebroventricular injection of K252a, a Trk receptor antagonist [67]. 

While this evidence supports the view that induction of mature BDNF mediates the effect of 

sEH inhibition, more research is needed to exclude the possibility that other neurotrophins 

such as neurotophin-3 (NT-3) and nerve growth factor (NGF) may also be involved.

Regulation of BDNF is thought to act through a positive feedback loop involving 

phosphorylation of TrkB, cAMP response element-binding protein (CREB), calcium 

response element (CaRF1) dependent factors, along with various kinases [68, 69]. As such, 

an increase in BDNF observed upon AUDA treatment may be mediated by or TrkB 

phosphorylation combined with GPCR activation and calcium influx into the cells. 

Interestingly, MCAO of sEH KO mice does not result in increased BDNF expression despite 

increased TrkB phosphorylation [67], suggesting that EETs may affect the TrkB 

phosphorylation state independent of BDNF.

EETs and Leukocyte Trafficking—Ischemic stroke can cause an accumulation of 

neutrophils, T-cells, and macrophage that facilitate the inflammatory response and 

exacerbate the outcome of a stroke [70]. The infiltration by activated T-cells and monocytes 

across the endothelial layer is facilitated by endothelial expression of adhesion molecules 

such as intracellular adhesion molecule 1 (ICAM-1), vascular cell adhesion molecule 1 

(VCAM-1), and E-selectin [71] as well as by chemokines such as CCL2, CCL3, CINC-1, 

CXCL-12, and CX3CL1 [72]. While exposure to cytokines such as TNF-α increase 

endothelial cell surface expression of VCAM-1, ICAM-1, and E-selectin, co-treatment with 

11,12-EET can significantly reduce the expression of these adhesion molecules [73]. 

Furthermore, pretreatment of pulmonary artery endothelial cells with 11,12-EET or 14,15-

EET prior to stimulation with inflammatory oxidized low-density lipoprotein results in 

reduction of ICAM-1, VCAM-1, and E-Selectin, as well as upregulation of CCL-2/MCP-1, 

both in terms of mRNA and protein expression [74]. This in turn may diminish accumulation 

of harmful leukocytes such as NK cells into the ischemic brain. In contrast, 5,6-EET can 

induce VCAM-1 and ICAM-1 expression in B-lymphocytes through TRPV4 dependent 

Ca2+-permeant nonselective cation channel (NSCC) activation [75], though this effect is not 

observed in endothelial cells [73]. Endothelial cells are also known to express TRPV4, 

suggesting that 5,6-EET have a cell-type specific effect on for adhesion molecule expression 

[76–78].

Interestingly, EETs may influence peripheral immune cells themselves, facilitating the 

resolution of neuroinflammation from the periphery. Incubation of THP-1 monocytic 

leukemia cells with 11,12-EET can attenuate IL-1β and phorbol-12-myristate-13-acetate 
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(PMA) induced COX-2 protein induction, an effect likely mediated through the activation of 

PPAR-α [79]. This result is consistent with the fact that CYP450 inhibitor SKF525A or 

PPAR-α inhibitor GW6471 are independently capable of inducing COX-2 in these cells 

[79]. Furthermore, a study by Gilroy et al. 2016 has shown that CYP450 inhibition disrupts 

the resolution of zymosan induced inflammation by facilitating monocyte and 

polymorphonuclear cell accumulation, explained in part by the increased mRNA expression 

of chemotactic proteins: CCR2, CXCR1, and CCL2 [80]. The upregulation of CCL2 is also 

seen ex vivo in cultured peritoneal lavage cells treated with zymosan, and application of 

14,15-EETs significantly reduces CCL2, iNOS, and IL-12 expression but not TNF-α [80]. 

Future studies may elucidate the degree to which EpFAs modulate inflammation and 

leukocyte infiltration through a detailed study characterizing the leukocyte inactivation.

NEURODEGENERATIVE DISORDERS

Neuroinflammation is a necessary process for both developing and mature brains, because it 

contributes to neurodevelopment during developmental stages, debris clearing upon injury, 

and immune conditioning against invasive pathogens in both developing and mature brains 

[81]. Nonetheless, neuroinflammation is thought to exacerbate the pathogenesis of 

neurodegenerative diseases such as the Parkinson’s Disease, Alzheimer’s Disease, epilepsy, 

and depression.

Parkinson’s Disease

Parkinson’s Disease (PD) is characterized by a significant loss of dopaminergic neurons 

along with increased inflammatory cytokines including interleukin 1β (IL-1β), interferon γ 
(IFN-γ), and tumor necrosis factor alpha (TNF-α) [82, 83]. This is congruent with the fact 

that PD etiology includes the mutation of genes such as leucine-rich repeat kinase 2 

(LRRK2) and environmental toxins such as the mitochondrial complex I inhibitor rotenone, 

factors that could intensify the inflammatory response in PD [84, 85]. Given this, several 

investigators have attempted to elucidate the therapeutic effect of sEH inhibition on PD 

pathogenesis.

Qin et al. 2015 has demonstrated that upon treating mice with 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP), a precursor compound for the mitochondrial complex I inhibitor 

and redox cycler 1-methyl-4-phenylpyridinium (MPP+), the number of dopaminergic cells 

stained positive for tyrosine hydroxylase (TH) diminish and sEH immunoreactivity increases 

14 days post treatment [86]. This neurotoxic effect of MPTP is attenuated by sEH gene 

knock out, pretreatment with the sEH inhibitor AUDA, and to a lesser degree 14,15-EET 

pretreatment. Interestingly, pretreatment with 14,15-EET in vivo does not elicit any 

additional benefit in mitigating dopaminergic TH+ cell loss when administered to a sEH KO 

mice [86]. Ren al. 2018 has replicated these finding using TPPU [42]. TPPU decreases the 

endoplasmic reticulum (ER) stress protein phosphorylation response, decreases nitric oxide 

synthase (iNOS) protein expression, and increases superoxide dismutase (SOD) protein 

expression to levels comparable to the baseline [42]. In addition, genetic ablation of sEH 

mitigates the OX42 expression in striatum which represents microglia, macrophage, and 

leukocyte accumulation in response to MPTP treatment [42]. Furthermore, in vitro studies 
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suggest that TPPU has a therapeutic effect directly on induced pluripotent stem cells (iPSC) 

with a parkin RBR E3 ubiquitin protein ligase (PARK2) mutation, preventing the increase in 

caspase-3 cleavage [42]. Finally, the effect of TPPU is prominent when administered after 

MPTP treatment whereas Qin et al. 2015 were unable to show therapeutic effect of the more 

rapidly metabolized AUDA 24-hour post MPTP [42, 86]. This may be due to the differences 

in the physical and chemical properties between the two sEH inhibitors affecting their 

pharmacokinetic profiles and bioavailability. This is reasonable considering that unlike the 

current optimized sEH inhibitor TPPU, AUDA was synthesized to mimic 14,15-EET with a 

longer alkyl side chain, giving it a unique structure distinct from modern sEH inhibitors. 

[87] Interpretations of biological data using AUDA as a probe is complex because it is an 

EET mimic as well as an sEH inhibitor.

The sEH inhibitors could act either through mitigating microglial activation or preventing 

the initial neural damage caused by the MPTP. In a rotenone model of PD, in vivo rotenone 

treatment causes microglia activation as well as microglial dependent neuronal damage of 

dopaminergic neurons [88, 89]. MPP+ can also induce microglial COX-2 expression and 

PGE2 production in a primary neuron-glia culture [90]. Genetic ablation of sEH reduces 

traumatic brain injury (TBI) induced microglial activation in mice, and lipopolysaccharide 

(LPS) and IFN-γ induced inflammation in BV2 microglial cells is mitigated through AUDA 

treatment [45]. These lines of evidence suggest that sEH inhibition can act through 

modulating microglial activation. On the other hand, sEH inhibition can also act directly on 

neurons as well. For example, Lakkappa et al. 2019 has reported that N27 dopaminergic 

cells treated with an sEH inhibitor following a rotenone treatment exhibit a marked 

reduction in COX-1, COX-2, and IL-6 mRNA [91]. In addition, the authors have reported 

improved cell viability and increased expression of redox genes such as superoxide 

dismutase (SOD) and catalase (CAT) [91].

In addition to increased expression of redox genes, improved mitochondrial membrane 

potential may also underlie the effect of sEH inhibition. It is known that the entry of Ca2+ 

into cells through CaV1.3 L-type Ca2+ channels intensifies mitochondrial oxidation in 

dopaminergic neurons, and inhibition of these Ca2+ currents by a Ca2+ channel blocker such 

as isradipine reduces mitochondrial oxidation in neurons [92]. Since 11,12-EETs block 

CaV1.3 L-type Ca2+ channels in a porcine cardiac muscle membrane enriched in L-type 

Ca2+ channels [93], improvement in mitochondrial membrane potential may be mediated by 

a diminished Ca2+ entry into dopaminergic cells [94]. Future studies should determine the 

relative contribution of EET mediated CaV1.3 blockade is the modulator of neuronal 

mitochondrial function.

Epilepsy

Inhibition of sEH may also play a role in mitigating seizures, since epilepsy is associated 

with increased inflammatory cytokine expression along with dysregulation of glutamatergic/

GABAergic neurotransmission [95]. In a pilocarpine model of status epilepticus (SE) in rats, 

IL-1β protein expression increases in the frontal cortex, hippocampus, entorhinal cortex, and 

amygdala after SE onset, while immune cell presence such granulocytes and MHC-class II 

presenting microglia increase in the prefrontal cortex and hippocampus [96]. There is 
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evidence of cytokines such as TNF-α inducing seizure in human patients during a clinical 

trial [97] and intensifying seizures in rats that have undergone amygdala kindling [98]. If 

inflammation does in fact contribute to the etiology of epilepsy, then sEH inhibition may 

mitigate seizure propensity or intensity. To test this hypothesis, Hung et al. 2015 treated 

mice that had undergone pilocarpine treatment or amygdala kindling with sEH inhibitors 

AUDA or TPPU, as well as with sEH genetic ablation [99]. As expected, AUDA and TPPU 

both diminished the increase in protein expression of IL-1β and IL-6, and reduced IκBα 
phosphorylation 7 days after SE onset [99]. However, the authors observed the threshold for 

seizure induction in kindled mice decreased only with AUDA treatment (a joint EET 

mimic/sEH inhibitor) but not with treatment of the pure sEH inhibitor TPPU [99]. In 

addition, sEH KO mice did not exhibit decreased inflammatory cytokine levels nor mitigate 

the ictogenic effect in either the pilocarpine model or the kindling model [99]. Conversely, 

Inceoglu et al. 2013 demonstrated that sEH KO and the sEH inhibitors TPPU and TUPS are 

all capable of delaying GABAA receptor antagonists pentylenetetrazole (PTZ) and 

picrotoxin (PIC) induced seizures increasing the threshold for tonic seizures, which the 

authors hypothesized to be due to modulation of GABAergic signaling [100]. There is 

evidence suggesting that 11,12-EET can induce G-protein activated inwardly rectifying K+ 

(GIRK) channel activation in CA1 pyramidal neurons thus mitigating their excitatory post 

synaptic currents (EPSCs) [101]. However, such an effect is contrary to the excitatory effect 

of 14,15-EET in the CA1 region [102]. It may be that excitatory amino acid transporters 

(EAATs) are playing a role in mitigating seizures, because EAATs clear synaptic glutamate 

and minimize inappropriate firings and excitotoxic injuries [103, 104]. EAAT levels can be 

modulated by PPAR-γ agonists rosiglitazone or 15d-PGJ2 [103]. Given this, the delayed 

seizure onset observed by Inceoglu et al. 2013 could be explained by increased EAAT 

expression on astrocytes. However, further research is needed to understand how EETs and 

PPAR-γ agonism may influence EAAT2 expression, and the dynamic relationship between 

PPAR-γ agonists and sEH levels in the brain, because PPAR agonists are known to induce 

sEH in some cells [39, 40]. It should be noted that the action of the sEH inhibitors is 

complicated by the lack of BBB penetration of different molecules. It also could be the sEH 

inhibitors are acting peripherally to increase EpFA which enter the brain as free fatty acids, 

glycerides, or even in macrophage. The role of inflammation in seizures is not well 

understood, and while sEH inhibitors appear anti-inflammatory and pro-resolving 

molecules, they could exacerbate seizure damage at one in time and mitigate it at another.

Depression

Inflammation is not a universal biomarker for depression; nonetheless, elevation of 

inflammatory cytokines in serum such as IL-6, IL-1β, and TNF-α is associated with an 

increased propensity for depression [105]. Neuroinflammation in depressed patients may 

play a role in impaired neurogenesis, activation of the hypothalamic-pituitary-adrenal axis, 

and increased rate of tryptophan degradation by inducing indoleamine 2,3-dioxygenase 

(IDO), which decreases the availability of serotonin and melatonin [106]. Genetic risk for 

depression may include cytokine gene polymorphs. Bull et al. 2009 show that genetic 

polymorphism in IL-6 genotype make patients with chronic hepatitis C viral infection less 

susceptible to depressive symptoms induced by TNF-α treatment [107]. In addition, RNA 

microarray of post-mortem frontal lobes of patients diagnosed with major depression has 
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indicated that cytokines including IFN-γ, IL-1α, IL-2, −3, −4, −5, −8 are upregulated, 

though interestingly the authors did not find any change in IL-6 expression [108].

The therapeutic mechanisms of antidepressants aim to increase the synaptic availability of 

monoamines, improve neuroplasticity and neurogenesis, increase BDNF, improve 

GABAergic neurotransmission, and reduce neuroinflammation [109]. Given that EETs are 

involved in reducing inflammation, facilitating hippocampal synapse formation, modulating 

neurogenesis, and increasing the production of growth factors such BDNF and VEGF, it is 

reasonable to assume that sEH inhibition and/or exogenous administration of EETs may 

help alleviate depressive symptoms. To test this hypothesis, Ren et al. 2016 induced 

depression like behavior in mice through repeated social defeat stress with and without 

TPPU to assess the antidepressant effect of the sEH inhibitor. They observed that the mice 

treated with TPPU spend more time swimming in the forced swim test, have diminished 

social avoidance behavior compared to vehicle controls, and show increase in BDNF 

production in their hippocampus [41, 110]. Accordingly, the authors observed an increase in 

BDNF and phosphorylated TrkB level in sEH KO mice, suggesting that the antidepressant 

effect of sEH inhibition/ablation is mediated through the BDNF-TrkB pathway. This 

research was followed by Wu et al. 2017, who showed that the mice treated with TPPU 

exhibit increased markers of neurogenesis in the dentate gyrus as well as diminished forced 

swim scores upon treatment with the TrkB inhibitor K252a, confirming the results obtained 

by Ren et al. 2016. It is important to note, however, that Ren et al. did not find any changes 

in EETs concentration in hippocampus or frontal lobe of depressed mice. In possible future 

research, the incorporation of the EET antagonist 14,15-epoxyeicosa-5(Z)-enoic acid 

(EEZE) could demonstrate whether the effects of TPPU were mediated by the effect of 

14,15-EET or to a lesser degree other regioisomers of EETs [111]. However, it is possible 

that the action of regioisomers of EEQs or EDPs may also be affected by 14,15-EEZE 

depending on the target protein for these EpFAs. Thus, much work is needed to test which 

regioisomers of any or all the EpFA classes could be the most efficacious against induced 

symptoms of depression.

Alzheimer’s Disease

Neurodegeneration in Alzheimer’s disease (AD) is defined by the aggregation of amyloid-β 
(Aβ) caused by cleavage of amyloid precursor protein (APP) primarily by β- and γ-

secretases [112], accumulation of neurofibrillary tangles (NFTs) caused by tau 

phosphorylation, and mitochondrial dysfunction [113]. Aβ aggregation is thought to exert 

neurotoxicity through mitochondrial complex IV inhibition or through Toll-like receptor 

(TLR) and receptor for advanced glycation end products (RAGE) dependent microglial 

activation [114]. Risk genes for AD such as apolipoprotein E4 (ApoE4) can exacerbate the 

inflammatory effect of Aβ aggregates in microglia. However, in astrocytes ApoE4 may 

dampen the activation TLR, suggesting a cell type specific effect of ApoE in the brain [50, 

115, 116]. Data examining the effect of sEH inhibition as therapeutic agents in an AD model 

is forthcoming, however published experiments with a flavonoid pinocembrin seems to have 

a therapeutic effect on APP/PS1 AD mice though a mechanism that may involve sEH 

inhibition (IC50, 2.58 uM) [117, 118]. While four-month-old APP/PS1 mice orally 

administered with pinocembrin 5 days a week showed no improvement in Aβ plaque 
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formation, they have shown increased acetylcholine levels, improved BBB integrity, reduced 

RAGE dependent p38 mitogen-activated protein kinases (MAPK) activation, and reduced 

inflammatory markers including: GFAP, Iba-1, TNF-α, IL-1β, and IL-6 [117]. It is possible 

that anti-inflammatory effect of pinocembrin did not have an impact on the Aβ plaque 

clearance since astrocytic activation is vital for Aβ clearance [117]. In addition, Yao et al. 

2016 has shown that pretreatment of HEK293 cells transfected with human tau gene prior to 

H2O2 treatment with TPPU significantly diminished the H2O2 induced tau 

hyperphosphorylation at Thr231 and Ser396 [119]. While the authors claim the effect may 

be mediated by the PI3K/AKT pathway activation, more research is needed to determine the 

mechanism underlying the effect of the sEH inhibitor TPPU. Regardless, the ability of 

TPPU to prevent tau hyperphosphorylation provides a clear indication that sEH inhibition 

may delay or mitigate AD pathology in vivo.

Effect of Aβ on Production of EETs—Brain CYP450 levels change depending on 

various factors including glutamate availability or inflammation [120, 121] and the 

inflammatory conditions in AD may affect the endogenous levels of EETs in the CNS. The 

oxylipin profile in an AD brain remains to be elucidated, however, when isolated rat brain 

microsomes along with primary astrocyte and hippocampal neuronal cultures are treated 

with Aβ42, CYP450 activity seem to decrease as total EET and DHET levels diminish 

[122]. In contrast, CYP450 metabolites including EETs are increased in the hippocampus of 

hAPP transgenic mice overexpressing human APP, though this can be attributed to the 

MEK/MAPK dependent PLA2 activation in response to Aβ as opposed to increase in 

CYP450 activity [123]. Mutating PLA2 mitigates hyperactivity, anxiety-related behavior, 

and premature mortality observed in hAPP mice, indicating that ARA metabolism 

dysregulation may contribute to neurodegeneration in hAPP mice. More research is 

necessary to determine how sEH inhibition would affect the level of EETs and other EpFAs 

including their amides in the dysregulated state.

PUFAs and Hippocampal function—Proper hippocampal development is disrupted in 

AD pathogenesis [124], and epoxyeicosanoids such as EETs, DHA derived EDPs, and other 

EpFAs may serve as therapeutic tools to maintain hippocampal function. For example, 

14,15-EET – but not 14,15-DHET – facilitates TPRV4 mediated calcium flux in primary rat 

hippocampal culture, promoting neurite outgrowth and axon maturation [125]. In addition, 

incubation of prefrontal cortex slice with 14,15-EETs or AUDA for 10 minutes enhances 

long-term potentiation and glutamate transmission, suggesting that EETs may play a role in 

synapse formation in a healthy brain [126]. Furthermore, the level of oxylipins earlier in the 

developmental stages can modulate hippocampal neurodevelopment by affecting the 

differentiation of neural stem cells (NSCs) [127]. In vitro application of selected individual 

regioisomers on NSCs indicate that application of ARA derived 11,12-EET to NSCs 

promote glial differentiation of NSCs, while the application of DHA derived 16,17-EpDPE 

promotes neural differentiation of NSCs [127]. Finally, the antiinflammatory effect of EETs 

or EDPs may affect neural differentiation of NSCs as well, as inflammatory cytokines in the 

CNS such as IL-6 can disrupt hippocampal neurogenesis [128]. While the effect of EpFAs 

on hippocampal neurogenesis needs further investigation, sEH inhibition is a promising 

avenue for stimulating neurogenesis and synaptogenesis in the hippocampus of AD patients. 
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Both an advantage and a caution stemming from these observations is that sEH inhibition 

will stabilize all EpFA so far tested, with relative stabilization depending on substrate 

concentration and structure [14].

CELL AND MOLECULAR MECHANISMS

Many studies indicate that the mechanisms of the action of EETs and other EpFA are 

diverse, involving PPARα/γ, TRPV4, Na+, BKCa, L-type Ca2+ channel, and thromboxane 

receptor agonism among others; however, it is unclear what the primary mechanism of EETs 

could be in neuroinflammatory disorders [23, 129]. Potential mechanisms underlying EETs 

or sEHIs are summarized in Table 2. EETs mediated suppression of inflammation involves 

reduced activation of NF-κB, reduced phosphorylation of p38, and suppression of IκBα 
degradation [74]. Node et al. 1999 has demonstrated that TNF-α induced nuclear 

translocation of NF-κB in endothelial cells is blocked in the presence of 11,12-EET, and that 

both 11,12-EET and 14,15-EET prevents the degradation of IκB-α though inhibition of IκB 

kinase (IKK) activity [73]. Phosphorylation of IκB-α and nuclear translocation of NF-κB 

decreases with sEH inhibition in murine hearts from a transverse aortic constriction (TAC) 

model and cardiomyocytes, supporting the idea that IKK inhibition mediates the effect of 

EETs [130] While the regulation of IKK and IκBα is multifaceted, enzyme complex PP2A 

is implicated in inhibiting the kinase activity of IKKβ, the IKK subunit that mediates the 

canonical NF-κB pathway activation by proinflammatory stimuli [131, 132]. Since 11,12-

EET, sEH KO, and t-AUCB treatment have been shown to upregulate PP2A activity in the 

cardiovascular system [133–135], PP2A activation may underlie the inhibition of IKK 

activity by EETs. However, more research is needed to elucidate how EETs and other EpFAs 

regulate the activities of IKK and NF-κB. While there are EpFA responsive GPCRs such as 

the newly identified GPR132 that is activated by EETs [136], there is evidence suggesting 

that GPR132 expression correlates with increasing inflammatory markers such as CCL-2, 

MMP-9, and COX-2 in breast cancer lesions [137]. Thus, its involvement in the anti-

inflammatory effect of EETs may not be probable. Alternatively, EETs can exert their anti-

apoptotic effect through ameliorating the mitochondrial damage. For example, sEH 

inhibition and exogenous EET administration are shown to protect mitochondrial membrane 

potential from dissipating under laser-induced oxidative stress, as well as to preserve 

mitochondrial functional activity under starvation conditions [138, 139]. EETs are also 

shown to exert cardioprotective effects through activating the mitochondrial KATP channels, 

though more research is needed to determine its impact on mitochondrial health [140]. 

Preserving mitochondrial health through EETs could mitigate reactive oxygen species (ROS) 

production and release and the ER Stress response, ultimately contributing to the attenuation 

of multiple cellular damages associated with neuroinflammatory disorders [141–143].

Inceoglu et al. 2008 previously described that, in addition to mitigating LPS induced COX-2 

mRNA expression, EETs can induce spinal steroidogenic acute regulatory protein (StARD1) 

mRNA expression possibly through the cAMP signaling pathway [144, 145]. Such increase 

in StARD1 can contribute to reduction in inflammatory response through increased 

mitochondrial production of 25-hydroxycholesterol, 27-hydroxycholesterol, and 5-

cholesten-3β,25diol 3-sulfonate (25HC3S) [145, 146], which is thought to exert its anti-

inflammatory and proliferative effects through PPAR-γ binding [147]. This effect was 
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observed by Chen et al. 2018 as well, where stroke induced by injection of type IV 

collagenase into rat thalamus, a model for central pain, caused significant decrease in the 

StAR mRNA expression in the perilesion site of thalamus. In addition, an increase in paw 

sensitivity to mechanical stimuli was rescued by daily microinjection of 0.1 ug 14,15-EET 

for 3 days using an implanted canula [148]. However, since EETs are also known to activate 

PPAR-γ [149], it is unclear the magnitude by which the EETs mediated induction of StAR 

affects PPAR activity.

ER Stress in Neuroinflammation

Altering the ER stress pathway may be part of the therapeutic mechanism of EpFAs against 

neuroinflammatory disorders, since the inflammatory and ER stress pathways have shared 

molecular components. For example, Hu et al., 2006 demonstrated that an increase in 

proinflammatory cytokines such as TNF-α causes degradation of IκBα through association 

of IKK with ER stress sensor inositol-requiring enzyme (IRE1α) and TNF receptor 

associated factor (TRAF2) in the human breast cancer cell line MCF-7 [150]. This activation 

of IRE1α and TRAF2 is sufficient to induce NF-κB independent of TNFα, because ER 

stressors tunicamycin and thapsigargin activate NF-κB even when cells are treated with 

TNFR1-siRNA to block TNF signaling [150]. EETs are known to affect the phosphorylation 

state of these ER stress proteins. For example, Bettaiab et al., 2013 found that ER stress 

markers associated with consumption of high fat diet such as phosphorylation of IRE1 and 

ATF6 is significantly diminished in sEH KO mice. In addition, Inceoglu et al. 2015 has also 

observed a reduction in ER stress proteins in sciatic nerve upon systemic administration of 

TPPU in a tunicamycin rat model [151]. Similar results were obtained in vitro with sEH 

inhibition in HepG2 cells treated with thapsigargin [152]. Involvement of EETs in ER stress 

was also observed in human bronchial epithelial cells treated with cigarette smoke extracts, 

where the loss of viability and increased phosphorylation of ER stress proteins was reversed 

with pretreatment of 14,15-EET but not with 14,15-EEZE co-administration [153].

While the mechanisms of action of EETs on the ER stress pathway remain to be elucidated, 

there are several points of evidence. EETs may act partly through the AMPK-AKT pathway, 

as exposure of neonatal myocytes and HL-1 cardiac muscle cells to 14,15-EETs upon 

hypoxia/reoxygenation treatment results in an increased phosphorylation of AKT and 

increased PIP3 concentration, indicating PI3K activity [154]. Activation of AKT can prevent 

ER-stress induced cell death through upregulating inhibitors of apoptotic protein (IAP) 

family proteins cIAP-2 and XIAP [155], or through upregulation of mitochondrial Bcl-2, 

[156, 157] though the evidence of direct interaction has not yet been elucidated.

Regardless, the observed reduction in ER stress protein phosphorylation upon sEH inhibition 

indicates an integral role of EETs and other EpFAs against ER dysfunction. ER stress is a 

hallmark of many neuroinflammatory disorders including PD and AD [158–160], induced 

by number of factors including high glucose levels and exposure to ROS generating 

mitochondrial toxins [161, 162]. Clarifying the nature of involvement of EETs on ER stress 

is vital to our understanding of the mechanism of EETs and sEH inhibition.
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CYP450 Derived Endocannabinoids: Beyond EETs

The primary focus of many researchers investigating the mechanism underlying sEH 

inhibition is on EETs. However, increasingly the literature refers broadly to EpFA because 

the term EETs is reserved for the monoepoxides of arachidonic acid. Inhibition of sEH can 

also involve the endocannabinoid (ECB) system, which has an anti-inflammatory component 

that is investigated vigorously to combat neuroinflammation [163, 164]. For example, 

Lastres-Becker et al. 2005 has shown that cannabinoid (CB) receptor agonists such as 
9ΔTHC are neuroprotective against 6-hydroxydopamine induce dopaminergic cell death in 
vivo [163]. However, using a general CB agonist such as HU210 is not optimal as a long-

term treatment because CB1 receptor agonism may produce undesirable side effects such as 

impaired working memory [165]. A CB2 agonist JWH-015 has a profound effect on IFN-γ 
induced CD40 expression as well as LPS induced TNF-α secretion in primary murine 

microglial culture, suggesting that CB2 agonism may be a potent tool to combat 

neuroinflammatory conditions [166].

Inceoglu et al. 2007 has previously demonstrated that 5,6-EET can bind to CB2 receptors, 

implicating a potential mechanism by which EETs and EET analogues could exert their 

effects on cells [167]. EET analogues are present in the ECB system; for example, 

anandamide (AEA) can be metabolized by the orphan enzyme CYP4X1 to one of 4 

regioisomers of epoxyeicosatrienoic acid ethanolamide (EET-EA), whereas 2-

arachidonoylglycerol (2-AG) can be metabolized to 14,15- and 11,12- epoxyeicosatrienoic 

glycerols (EET-G) by the CYP2J family [168, 169]. This can potentially shift the affinity of 

these ECBs to primarily favor CB2 binding over CB1 as well as improve their resistance to 

degradation. Illustrating this point, Snider et al. 2009 has shown that 5,6-EET-EA can be 

formed from AEA by microglia, and it has several orders of magnitude greater affinity for 

CB2 receptor compared to AEA. The 5,6-EET-EA affinity for CB1 receptor is diminished 

compared to AEA but it has an increased half-life from 14.3 minutes to 32.2 minutes when 

incubated in a mouse brain homogenate [170]. Similarly, epoxidation of EPA ethanolamide 

(EPEA) at the 17,18- position increases its potency against CB2 receptors while lessening its 

potency for CB1 receptors [171]. This effect is not observed for DHA derived 19,20-EDP-

EA [171], possibly indicating that the epoxidation of eicosanoid ethanolamides in particular 

shifts their CB receptor affinity to favor CB2 receptors. Because EET-EAs are ligands for 

sEH analogous to EETs, combination of sEH inhibition with fatty acid amide hydrolase 

(FAAH) inhibitors or monoglyceride lipase (MGL) inhibitors can potentially increase CB2 

selective EET-EAs [172]. In fact, Sasso et al., 2016 demonstrates that sEH and FAAH dual 

inhibition has a synergistic antinociceptive effect against carrageenan induced inflammatory 

pain and neuropathic pain, likely due to increased EET-EAs that possess significantly greater 

CB2 affinity [173]. Finally, pretreating BV-2 microglia with 17,18-EEQ-EA and 19,20-EEQ-

EA significantly reduces LPS induced IL-6 production and nitrite production through a CB 

mediated mechanism [171]. Further research may find that the dual inhibition of sEH and 

FAAH and/or MGL could increase the concentration of these CB2 activating EpFAs, 

mitigating neuroinflammation beyond the effect of sEH inhibition alone.
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CONCLUSION

Neuroinflammation is a necessary process for debris clearance and proper 

neurodevelopment. However, it is evident that sEH and exogenous administration of EETs 

can ameliorate damage associated with an inflammatory disease models such as PD, 

depression, stroke, and epilepsy. They act through mechanisms that can involve PPARs, 

GPCRs, receptor tyrosine kinase (RTK) phosphorylation, and modulation of ion channels. 

Through these mechanisms, EpFAs and sEH inhibition may diminish intracellular ROS 

levels and ER stress mediated apoptosis, neuronal DAMP and cytokine release, and 

subsequent activation of glial cells such as astrocytes and microglia. Preventing glial 

activation mitigates the induction of inflammatory cytokines, chemokines, and cell adhesion 

molecules, in addition to averting disruption of glutamate/GABA homeostasis, all of which 

exacerbate neurodegeneration. Finally, further research may yield positive results for other 

neuroinflammatory disorders such as amyotrophic lateral sclerosis (ALS) because an ALS 

hallmark is increased ROS attributed to superoxide dismutase 1 (SOD1) mutation, 

mitochondrial and ER calcium dysregulation, downregulation of astrocytic EAAT2 and 

potential glutamate excitotoxicity [174] that could potentially be mitigated through sEH 

inhibition.

Wide spanning function of sEH against all classes of EpFA complicates the task of 

elucidating specific conclusions about the effect of EETs. By testing EDPs and EEQs in the 

same model systems, using sEH KO in conjunction with sEH inhibitors, utilizing more than 

one sEH inhibitor, and distinguishing the effects of all four regioisomers of EETs, we can 

develop a more accurate view of the effect of EpFAs against neuroinflammatory diseases. In 

addition, while the discovery of a putative EET binding GPCR such as GPR132 is helpful in 

clarifying the mechanism underlying EETs, further exploration of a more selective GPCR 

for EETs regioisomers could shine light upon the functional distinction between EET 

regioisomers. In conclusion, sEH inhibition has been shown to be therapeutic against a wide 

array of disease models with neuroinflammation as a common pathology and neuronal loss 

possibly through multiple anti-inflammatory and pro-survival signaling pathways. 

Investigating the effect of sEH inhibitors against other neuroinflammatory diseases such as 

ALS or AD is therefore a promising avenue for further discoveries in both basic science as 

well as disease diagnosis.
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Highlights

• Soluble epoxide hydrolase inhibition and epoxy fatty acids are 

neuroprotective

• The mechanisms are diverse, involving attenuation of ER and mitochondrial 

stress

• EpFAs and sEH inhibition may be therapeutic against neuroinflammatory 

diseases
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Figure 1. 
Polyunsaturated fatty acids (PUFAs) including arachidonic acid (ARA), eicosapentaenoic 

acid (EPA), and docosapentaenoic acid (DHA), can all be metabolized by cytochrome P450 

to produce epoxyeicosatrienoic aids (EETs), epoxyeicosatetraenoic acids (EEQs), and 

epoxydocosapentaenoic acids (EDPs), respectively. All regioisomers of these 

antiinflammatory metabolites can be hydrolyzed by soluble epoxide hydrolase (sEH) into 

corresponding diols. As such, sEH inhibition can bring about a significant change in the 

epoxide to diol ratio of DHA and EPA metabolites in addition to ARA derived metabolites. 

The diols are more polar, more easily excreted, and appear less beneficially active than their 

corresponding epoxides, and in some cases are pro-inflammatory. These PUFAs may 

alternatively be metabolized by cyclooxygenase (COX), and lipoxygenase (LOX) 

independently, or in some cases sequentially.
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Figure 2. 
Enzymatic activity of sEH, measured as a rate of [3H] trans-1,3-diphenylpropene oxide 

(tDPPO) hydrolysis using [3H] tDPPO at a final concentration of 50 μM. Activity was 

measured in primary rat cortical astrocytes and neurons harvested from neonatal rat pups. 

The sEH activity of primary neurons were comparable to that of astrocytes, indicating that 

sEH inhibitors may act directly on rat neurons in addition to glia to prevent neural loss (bars 

represent ±1 SEM). Two tailed t-test, 10 df, ns.
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Figure 3. 
Schematic representation of how epoxyeicosatrienoic acids (EETs) may exert their anti-

inflammatory and anti-apoptotic effects. EETs are hypothesized to suppress the activation of 

NF-κB and ER stress pathways through various means including IKK inhibition and RTK 

signaling. Increased cAMP could facilitate neural survival through transcription of proteins 

such as brain derived neurotrophic factor (BDNF), which can amplify through a positive 

feedback loop, mitigating apoptosis. EETs may also act through regulating ion channels 

such as CaV1.3 and mitochondrial KATP channels, preventing apoptosis. EET regioisomers 

have differential affinity for activating various pathways, with cell type and receptor specific 

effects on inflammation and vasculature remodeling.
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