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Epoxyeicosatrienoic acids (EETs), metabolized from arachidonic 
acid through the cytochrome P450 epoxygenases pathway, have 
such protective effects of vasodilation, anti-inflammation and anti-
apoptosis in the treatment of multiple diseases [13-15]. Our previous 
evidence showed that EETs can alleviate inflammatory cell infiltration 
induced by renal I/R [16-18]. In this study, male C57/BL6 mice were 
used to establish I/R-induced AKI model with the pre-administration 
of 14,15-EET. The expression of NLRP3, cleaved cysteinyl aspartate 
specific proteinase 1 (cleaved-caspase-1), interleukin-1β (IL-1β) and 
so on were measured to analyze the effect and mechanism of EET on 
renal I/R-related inflammatory response, which may be developed a 
novel and useful treatment to improve AKI.

Materials and Methods
The experimental protocols with mice were duly approved by 
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Abstract
With the increasing morbidity and mortality of renal ischemia/reperfusion, whether epoxyeicosatrienoic acids could protect against it and the 
relative mechanism needs further exploration.

Aim: To investigate the effect of epoxyeicosatrienoic acids on renal ischemia/reperfusion injury.

Methods: Thirty mice were randomly divided into sham group, ischemia/reperfusion group, ischemia/reperfusion with epoxyeicosatrienoic acids 
group, ischemia/reperfusion with toll-like receptor 4 inhibitor group, ischemia/reperfusion with epoxyeicosatrienoic acids and toll-like receptor 4 
inhibitor group. Kidney function and pathology changes were observed 24 h after surgery. ELISA was used to exam the level of serum interleukin-
1β, tumor necrosis factor α and nod-like receptor 3. The protein expression of nod-like receptor 3, cleaved cysteinyl aspartate specific proteinase 
1, pro-interleukin-1β, interleukin-1β, toll-like receptor 4 and nuclear factor kappa-light-chain-enhancer of activated B cells p65 were evaluated by 
western blot.

Result: Compared with the sham group, the ischemia/reperfusion group showed severe renal tubular epithelial cell necrosis (P<0.05). BUN, Scr and 
interleukin-1β, tumor necrosis factor α, nod-like receptor 3, toll-like receptor 4, cleaved cysteinyl aspartate specific proteinase 1 were obviously 
higher than those in the sham group (P<0.05). Furthermore, epoxyeicosatrienoic acids were alleviated in the ischemia/reperfusion-induced kidney 
function damage and expression of above protein (P<0.05), the level of each proteins was significantly reduced after the co-administration of toll-like 
receptor 4 inhibitor and epoxyeicosatrienoic acids (P<0.05).

Conclusion: Epoxyeicosatrienoic acids can reduce renal ischemia/reperfusion injury, and its mechanism may be related to the regulation of nod-like 
receptor 3 production and pyroptosis through the toll-like receptor 4 pathway.

Keywords: Renal ischemia/reperfusion injury; Epoxyeicosatrienoic acids; Nod-like receptor 3; Pyroptosis; Toll-like receptor 4

Introduction
The renal ischemia/reperfusion (I/R) injury is one of the major 

causes of Acute Kidney Injury (AKI), which is mostly induced by 
transplantation, cardiopulmonary resuscitation, shock, contrast 
nephropathy and other events [1-5]. Due to the poor prognosis and 
lack of effective therapy, AKI is markedly associated with a high 
morbidity and mortality [6,7]. As a vital pathophysiological process 
of I/R, nod-like receptor 3 (NLRP3) inflammasome acts as a trigger 
of the aseptic inflammation, which stimulates the laminar response of 
immune cells and inflammatory factors, and then results in tubular 
damage [8-10]. Recent findings indicated that pyroptosis is a special 
form of programmed cell death, which is dependent on inflammatory 
responses, and plays an important role in I/R injury [11,12]. Therefore, 
the inhibition of inflammation and reduction of pyroptosis may be a 
necessary target of preventing I/R-induced kidney injury.
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ELISA
The serum levels of IL-1β, TNF-α and NLRP3 were examined by 

ELISA kits according to the manufacturer’s instructions.

Western blot analysis
Kidney tissue extraction and the protein concentration detection 

was according to the BCA protein assay kit (Beyotime, China, P0010). 
Samples (30 μg per lane) were separated by 15% SDS-PAGE, 10% 
SDS-PAGE and transferred into Polyvinylidene difluoride (PVDF) 
membranes. After blocking the membranes with 5% non-fat milk 
for 1 hour at room temperature, the membranes were applied with 
the primary antibodies of rabbit polyclonal antibody against NLRP3 
(1:1000), cleaved-caspase-1(1:1000), pro-IL-1β (1:1000), IL-1β 
(1:1000), NF-κB p65 (1:1000), TLR4 (1:1000) and GADPH (1:1000) at 
4°C overnight, and then incubated with goat anti-rabbit for 1 hour at 
room temperature. ECL chemiluminescence was used to detect protein 
expression, and band density was quantified by Image J software.

Statistical analyses
Experimental data were represented as means ± standard error of 

mean (SEM) and analyzed by SPSS 22.0. Differences in multiple groups 
were analyzed using one-way ANOVA. Differences with P<0.05 were 
considered as statistically significant.

Result
EET reduces I/R-induced kidney function damage

To evaluate the effect of EET in I/R injury, BUN and Scr levels 
were significantly up-regulated in I/R group than those in the sham 
group (P<0.05). With the EET pre-administration, BUN and Scr were 
notably decreased compared to I/R group (P<0.05).

EET extenuates the I/R-induced tubular necrosis
Normal glomeruli, renal tubules and interstitial architecture were 

observed in the sham group (Figure 2). The detachment of brush 
border and some renal tubular epithelial cells necrosis were observed 
in the I/R group (P<0.05). However, the renal tubular injury is not 
obvious with EET treatment after I/R surgery. Treatment of EET 
improves the renal damage than those in I/R group (P<0.05).

the Institutional Animal Ethics Committee of The Fifth Affiliated 
Hospital of Sun Yat-sen University, 10 week old C57/BL6 mice were 
randomly divided into five groups (n=6 per group): sham group, 
I/R group, I/R+EET group, IR+TLR4 inhibitor (TAK-242) group, 
IR+EET+TAK-242 group. Mice were anesthetized by isoflurane 
and then EET, TAK-242 were intraperitoneal injected 1 hour before 
I/R operation. The temperature of the mice was maintained at 37°C 
throughout the operation. The I/R mice model was performed by 
bilateral renal pedicle clamping for 18 minutes and then the clamp was 
removed to initiate reperfusion. Mice in sham group underwent the 
same protocol without clamping renal pedicle. The mice were sacrificed 
24 hours after the surgery, and the blood and kidney specimens were 
collected for further analysis.

Reagent
The 14,15-EET analogue was purchased from Cayman Chemical 

Company (Item:10009286). NLRP3 (#13158), cleaved-caspase-1 
(#89332), pro-IL-1β (#12703), IL-1β (#12703), NF-κB p65 (#8242), 
GAPDH (#2118) and Goat anti-rabbit were purchased from CST. Toll-
like receptor 4 (TLR4) (A5258) was purchased from ABclonal. ELISA 
kit was purchased from Wuhan BOSTER Biological Technology Co, 
Ltd.

Animals
Male C57BL6 mice (10-week-old) weighing 20-25 g were purchased 

from Nanjing University-Nanjing Institute of Biomedicine, No: SYXK 
(Su) 2015-0001. Regular food and tap water were given and the mice 
were maintained on a 12-h light/dark cycle in SPF environment of the 
Molecular Imaging Center of the Fifth Affiliated Hospital of Sun Yat-
sen University.

Biochemical analysis
The level of blood urea nitrogen (BUN) and serum creatinine (Scr) 

were detected by biochemical kit (Figure 1).

Histological analysis of renal injury
The kidney tissue was fixed with 10% formalin and then embedded 

with paraffin, placed on slides, stained with Hematoxylin and Eosin 
(H&E), the staining sections were observed using a microscope.

 

Figure 1: BUN and Scr were measured in mice
 *P <0.05 vs sham group; #P <0.05 vs I/R group; &P <0.05 vs I/R+EET group. Mean±SD. N=6 per group.
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Figure 3: The serum level of IL-1β, TNF-α, NLRP3 in mice.
*P<0.05 vs. sham group; #P<0.05 vs. I/R group; &P<0.05 vs. I/R+EET group.
Mean ± SD. N=6 per group.

 

 

Figure 2: Representative histology of renal tissue is deserved in different group (HE staining, × 400).
A: sham group; B: ischemia/reperfusion (I/R) group; C: I/R group with EET; D: I/R group with TAK242; E: I/R group with EET and TAK242.
Mean ± SD. N=6 per group.

EET decreases the serum levels of inflammatory factors and 
NLRP3

To observe the inflammatory changes, ELISA kit was used to detect 
the levels of serum inflammatory factors to access the effect of EET on 
renal inflammation (Figure 3). The levels of serum IL-1β, TNF-α and 
NLRP3 in the I/R group were significantly up-regulated in comparison 
to the Sham group (P<0.05). While the levels were decreased after 
being treated with EET than those in I/R group (P<0.05).

EET may regulate NLRP3 expression and pyroptosis by 
TLR4 pathway

The expression of inflammasome and pyroptosis-related NLRP3, 
cleaved-caspase-1, pro-IL-1β, IL-1β, TLR4 were evaluated by western 

blot (Figure 4). Compared with the sham group, there was an obviously 
increase of NLRP3, cleaved-caspase-1, pro-IL-1β, IL-1β in I/R group 
(P<0.05), while EET appeared to decrease the expression of the above 
proteins (P<0.05). In addition, to further investigate the mechanism of 
EET result to the activation of NLRP3 and pyroptosis, we detected the 
expression of TLR4 and NF-κB p65 after I/R surgery with EET and/
or TLR4 inhibitor (TAK-242). The result indicated that EET mitigated 
above protein expression, while the co-administration of EET and 
TAK-242 enhanced the inhibitory effect of EET alone on NLRP3 and 
pyroptosis (P<0.05).

Conclusion
As a severe disease with high morbidity in China, AKI brings 
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a huge physical and economic burden to patients. Furthermore, 
the pathophysiological mechanism of AKI is complicated and it 
could be caused by multiple factors, including surgery, hypoxia and 
inflammation. In the process of renal ischemia and hypoxia, injured 
vascular endothelial cells stimulate the cascade of inflammation, which 
lead to tubular and interstitial damage. Previous evidence revealed that 
inflammasome is the critical core in inflammation about mediating 
cell death, among them, NLRP3 inflammasome as a key factor in this 
inflammation cascade, by self-oligomerization and signal transduction, 
causing renal injury. After inhibiting the occurrence of inflammasome, 
it can regulate the maturation and release of pro-inflammatory cytokines 
and reduce the kidney damage. In the current study, I/R group notably 
showed that the increase of BUN, Scr and tubular damage, detachment 
of brush border. However, when treated with EET, there was a decline in 
BUN, Scr, NLRP3, IL-1β and TLR4, suggesting that EET alleviate I/R-
induced inflammation and renal dysfunction.

Pyroptosis, which differ from necrosis and apoptosis, is a special 
inflammatory-way of programmed cell death. The activation of 
cleaved-caspase-1, as a vital factor promotes the maturation of IL-
1β and other inflammatory cytokines under the stimulation of an 
endogenous and exogenous effect accompanied by the procession of an 
inflammation cascade and cell death. Additionally, the pathway of 
TLR4 and NLRP3 inflammasome can be activated under the trigger 
of exogenous pathogen-associated molecular patterns (PAMPs) 
and endogenous Danger-Associated Molecular Patterns (DAMPs), 
thus also mediating the inflammation response and pyroptosis. 
NLRP3 as a regulator in the cleavage of pro-IL-1β, activated TLR4 
pathway induces the transcription of pro-IL-1β. Accordingly, there 
may be a collaborating effect between TLR4 pathway and NLRP3 
inflammasome in activating IL-1β. Simultaneously, there may be 
also a strong link between inflammasome and pyroptosis. Recent 
studies showed that pyroptosis is the key in kidney disease by 

 

Figure 4: Immunoblots and quantitation of NLRP3, cleaved-caspase-1, pro-IL-1β, IL-1β, TLR4, NF-κB P65 protein expression.
Mean ± SD. N=6 per group.
*P<0.05 vs. sham group; #P<0.05 vs. I/R group; &P<0.05 vs. I/R+EET group.
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NLRP3-caspase-1 pathway. The mice were designed to induce I/R 
model in this study. The levels of NLRP3, cleaved-caspase-1, IL-1β 
were markedly increased in the I/R group than the sham group. While 
NLRP3, cleaved-caspase-1, IL-1β were decreased after the application 
of EET, which determined the inhibition of NLRP3 inflammasomes 
activation because of the EET treatment, confirmed by western blot, 
showed that EET resulted in a marked reduction of inflammation-
related protein levels and mitigated the formation of inflammasome 
as well as pyroptosis.

TLR4 pathway is a classical pathway in activating NLRP3 
inflammasome. Activated TLR4 finally activates NF-κB by complicated 
cascade reactions to mediate other inflammation and immune 
responses. The activation of the TLR4 pathway induces the transcription 
of pro-IL-1β, while the activation of NLRP3 inflammasome induces 
the cleavage of IL-1β. In summary, there is a collaborating effect 
between the TLR4 pathway and NLRP3 inflammasome in activating 
IL-1β. Meanwhile, the release of inflammatory injury factors 
caused by pyroptosis can continue to serve as an endogenous ligand 
for TLR4, forming a positive feedback to aggravate inflammatory 
damage. Considering the relationship and mechanism of the TLR4 
pathway, NLRP3 inflammasome and pyroptosis, I/R was surgically 
induced in mice with EET or/and TAK-242 administration in 
this experiment. The data revealed that EET decreased the levels 
of BUN, Scr, NLRP3, TNF-α, TLR4, cleaved-caspase-1 and IL-1β, 
exerting a beneficial impact in extenuating inflammation response 
and pyroptosis. While the co-administration of EET and TAK-
242 reduced the above levels even more, as well as enhancing the 
useful effect, indicating that the TLR4 pathway was activated in renal 
I/R injury and probably plays a vital role with NLRP3 inflammasome 
in I/R-induced inflammation and pyroptosis pathway. It could be 
conclusion that EET may provide a protective role in renal I/R. The 
exact pharmacological mechanism of it maybe associates with NLRP3 
and pyroptosis.
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