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Esculentoside A ameliorates cecal ligation and 
puncture-induced acute kidney injury in rats
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Abstract: Esculentoside A (EsA), a saponin isolated from Phytolacca esculenta, can attenuate acute 
liver and lung injury. However, whether EsA has a protective effect against sepsis-induced acute 
kidney injury (AKI) has not been reported. In this study, EsA (2.5, 5, or 10 mg/kg) was given to rats 
with sepsis induced by cecal ligation and puncture (CLP). We found that EsA improved the survival 
of septic rats in a dose-dependent manner. In addition, EsA lowered the kidney tubular damage score 
and decreased blood urea nitrogen and creatinine. Moreover, EsA inhibited excessive generation of 
pro-inflammatory tumor necrosis factor-α, IL-1β, and IL-6 in the serum and downregulated 
cyclooxygenase-2 and inducible nitric oxide synthase in the renal tissues of septic rats. EsA also 
suppressed the production of malonaldehyde and the activity of myeloperoxidase in the septic kidney 
and enhanced the activity of superoxide dismutase and glutathione. The anti-inflammatory and 
antioxidative effects of a high dose of EsA were comparable to those of dexamethasone. Mechanically, 
EsA inhibited CLP-induced increases in high-mobility group box 1, Toll-like receptor-4, and myeloid 
differentiation primary response 88 and nuclear accumulation of nuclear factor kappa B p65 in renal 
tissues. In vitro, lipopolysaccharide-induced alteration of AKI-related factors in HK-2 cells, which had 
been evaluated in vivo, was inhibited after EsA administration. Taken together, our study suggests 
that EsA effectively protects rats against septic AKI caused by CLP.
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Introduction

Sepsis is usually caused by a pathogenic microorgan-
ism, leading to septic shock and multiple organ dysfunc-
tion [11]. acute kidney injury (aKI) is a major compli-
cation that causes death in patients with sepsis [10]. 
although a great improvement has been made in the 
treatment of septic aKI, the overall survival of patients 
remains low [26]. Thus, it is urgent to develop novel 
strategies for the treatment of septic aKI.

Esculentoside a (Esa) is a saponin isolated from the 
roots of the Chinese herb Phytolaca esculenta [39]. Pre-

vious reports have demonstrated that EsA has the effect 
of regulating immune response and anti-inflammatory 
and antioxidative effects in various experimental models 
[19, 20, 32, 34, 36]. Esa treatment inhibits the secretion 
of pro-inflammatory cytokines, including tumor necrosis 
factor-α (TNF-α), IL-1β, IL-2, IL-6, and prostaglandin 
E2 (PGE2) [35]. Esa attenuates carbon tetrachloride 
(CCl4) and galactosamine (Galn)/lipopolysaccharide 
(LPS)-induced acute liver injury in mice [38]. Further-
more, EsA can also relieve LPS-induced acute lung in-
jury in mice via suppression of nuclear factor kappa B 
(NF-κB)/mitogen-activated protein kinase (MAPK) 
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signal pathways [40]. however, whether Esa has a pro-
tective effect on sepsis-induced AKI has not been re-
ported. In the present study, the effect of Esa was 
evaluated in rats with sepsis induced by cecal ligation 
and puncture (CLP) and in LPS-stimulated HK-2 cells, 
and the possible mechanisms were investigated as well.

Materials and Methods

Animals
Male Sprague–Dawley rats (8 weeks old, weighing 

200–220 g) were purchased from Liaoning Changsheng 
Biological Technology co., ltd. (China, certificate No. 
SCXK (Liao) 2015–0001). The animals were housed in 
standard cages for rodents containing no more than five 
animals, with a 12-h artificial light/dark cycle and a con-
stant temperature of 22°C. This study was approved by 
the Institutional animal Care and use Committee of the 
First Affiliated Hospital of Harbin Medical University 
and performed according to its Guidelines for the Care 
and Use of Laboratory Animals.

The rats were randomized into 6 groups (n=16): (i) 
sham group, (ii) CLP-induced AKI group, (iii) CLP-
induced aKI + dexamethasone (DXM; 2 mg/kg) group, 
(iv) CLP-induced AKI + EsA (2.5 mg/kg) group, (v) 
CLP-induced AKI + EsA (5 mg/kg) group, and (vi) CLP-
induced aKI + Esa (10 mg/kg) group.

CLP-induced sepsis and drug treatment
CLP surgery was carried out as previously described 

[27]. In brief, laparotomy was performed to isolate the 
cecum of rats anesthetized with 10% chloral hydrate. 
approximately 1/3 of the cecal tip was ligated with a 4–0 
silk suture. The cecum was punctured twice gently and 
squeezed to expel approximately a 1 mm column of fecal 
material. In sham-operated rats, the cecum was isolated 
without ligation or puncture. Immediately after the sur-
gery, the rats in the DXM group received an intraperito-
neal injection of DXM, the rats in the Esa groups received 
an intraperitoneal injection of their respective doses of 
Esa, and the rats in the sham and aKI groups received 
equal volumes of saline. Twenty-four hours after Esa, 
DXM, or saline administration, 6 rats in each group were 
randomly selected and scarified. The renal tissues and 
blood were collected. The other 10 rats in each group 
were used for a survival study. The rats were observed 
twice a day for 4 days, and survival was recorded.

Periodic acid-Schiff (PAS) stain
Pathological changes of the kidney were assessed with 

PaS staining as previously described [22]. The degree 
of renal damage was estimated at 200× magnification 
with five randomly selected fields by the following cri-
teria: 0, normal; 1, damage involving less than 25% of 
tubules; 2, damage involving 25% to 50% of tubules; 3, 
damage involving 50% to 75% of tubules; 4, damage 
involving 75% to 100% of tubules.

Serum creatinine (CR) and blood urea nitrogen (BUN) 
examinations

The levels of CR and Bun in the serum were exam-
ined using commercial kits (nanjing Jiancheng Bioen-
gineering Institute, nanjing, China) according to the 
manufacturer’s instructions.

Cell culture
hK-2 human kidney tubular epithelial cells were pur-

chased from the Institute of Biochemistry and Cell Biol-
ogy (Shanghai, China) and were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM) (Gibco, Grand Is-
land, nY, uSa) containing 10% fetal bovine serum 
(FBS) (Hyclone, Logan, UT, USA). The cells were main-
tained in an incubator with a constant humidified atmo-
sphere and 5% Co2 at 37°C.

Four groups were designed as follows: control group, 
1 µg/ml LPS group, 1 µg/ml LPS + normal saline (NS) 
group, and 1 µg/ml LPS + 20 µmol Esa group. The cells 
were treated with LPS and EsA for 24 h simultaneously 
for malondialdehyde (MDA), TNF-α, IL1-β, and IL-6 
detection. The cells were treated with LPS for 24 h and 
subsequently treated with Esa for another 24 h for 
other analyses.

Oxidative stress and myeloperoxidase (MPO) activity 
assay

The contents of MDa and glutathione (GSh) and the 
activities of MPo and superoxide dismutase (SoD) were 
determined using commercial biochemical kits (nanjing 
Jiancheng, nanjing, China) according to the instructions 
of the manufacturer. MPo activity was assayed using a 
Myeloperoxidase assay Kit (nanjing Jiancheng) accord-
ing to the manufacturer’s instructions.

Enzyme-linked immunosorbent assay (ELISA)
The levels of TNF-α and IL-6 were detected using a 

commercial ELISA kit purchased from USCN (Wuhan, 
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China). The level of IL-1β was detected using a com-
mercial ELISA kit purchased from Boster Biological 
Technology (Wuhan, China). In all cases, ELISA was 
performed according to the manufacturer’s protocols.

Western blotting assay
a western blotting assay was applied to detect protein 

expression in kidney tissue and hK-2 cells. In short, 
total protein and nucleoprotein were extracted with RIPa 
lysis buffer (Beyotime Institute of Biotechnology, 
haimen, China) and a nuclear and cytoplasmic protein 
extraction kit (Beyotime Institute of Biotechnology) ac-
cording to the protocols of the manufacturer. Protein 
concentrations were calculated using an enhanced BCa 
protein assay kit (Beyotime Institute of Biotechnology). 
The lysates were separated on SDS-PaGE gels and trans-
ferred onto PVDF membranes. Nonfat milk (5%) was 
used to block membranes. The blots were incubated with 
anti-inducible nitric oxide synthase (inoS) antibody 
(1:400; Ba0362, Boster Biological Technology), anti-
cyclooxygenase (COX)-2 antibody (1:400; BA0738, 
Boster Biological Technology), anti-high-mobility group 
box 1 (hMGB1) antibody (1:400; Ba4277, Boster Bio-
logical Technology), anti-p65 antibody (1:400; Ba0610, 
Boster Biological Technology), anti-inhibitors of NF-
κBα (IκBα) antibody (1:500; bs-1287R, Bioss Antibod-
ies Inc., Woburn, Ma, uSa), anti-p-p65 antibody (1:500; 
bs-0982R, Bioss Antibodies Inc.), anti-Toll-like receptor 
(TLR) 4 antibody (1:200; sc-293072, Santa Cruz Bio-
technology, Dallas, TX, USA), anti-myeloid differentia-
tion primary response 88 (MyD88) antibody (1:200; 
sc-8196, Santa Cruz Biotechnology), and anti-β-actin 
antibody (1:1,000; sc-47778, Santa Cruz Biotechnology) 
at 4°C overnight. The membranes were then washed and 
incubated with secondary antibodies (1:5,000, Beyotime 
Institute of Biotechnology, haimen, China) for 45 min 
at room temperature. The blots were detected using en-
hanced chemiluminescence (ECL). The expression lev-
els of target proteins were normalized to β-actin.

Total RNA extraction and real-time RT-PCR
an Rna pure high-purity Total Rna Rapid Extrac-

tion Kit (BioTeke, Beijing, China) was used to isolate 
total Rna from kidney tissue according to the manufac-
turer’s instructions. Complementary Dna was reverse 
transcribed using the purified RNA and M-MLV reverse 
transcriptase (BioTeke). PCR was performed using 1 µl 
template cDna, 10 µl SYBR GREEn master mix (2X), 

and 0.5 µl forward and reverse primers (10 µM per 
primer concentration) in a 20 µl system. The optimal 
reaction condition was set as follows: 10 min at 95°C 
and then 40 cycles of 10 s at 95°C, 20 s at 60°C, and 30 
s at 72°C. Quantitative analysis was performed using an 
Exicycler™ 96 quantitative fluorescence instrument 
(Bioneer, Daejeon, Korea). Relative gene expression was 
normalized to β-actin and calculated using the 2−ΔΔCt 
method.

Immunohistochemical analysis
Immunohistochemical analysis was performed to as-

sess the expressions of CoX-2, hMGB1, and inoS in 
kidney tissue. Briefly, tissue samples embedded with 
paraffin were cut into sections 5 µm thick and fixed on 
the slide. Histological sections were deparaffinized with 
xylene and rehydrated with serial gradient ethanol. The 
sections were boiled in 10 mM sodium citrate for 10 min 
using a microwave oven to perform the antigen retriev-
al. after incubation with 3% h2o2 for 15 min at room 
temperature to eliminate endogenous peroxidase activ-
ity, the sections were blocked with goat serum and in-
cubated in primary antibodies against CoX-2 (1:200; 
BA0738, Boster Biological Technology), HMGB1 (1:50; 
D260488, Sangon Biotech, Shanghai, China), and iNOS 
(1:100; bs-2072R, Bioss antibodies Inc.) overnight at 
4°C in darkness. Subsequently, the sections were incu-
bated with horseradish peroxidase-labeled secondary 
antibodies, and staining was visualized by reaction with 
diaminobenzidine tetrahydrochloride (DaB). after coun-
terstaining with hematoxylin, the sections were observed 
under a light microscope (DP73, olympus, Tokyo, Ja-
pan).

Immunofluorescent assay
For immunofluorescence staining, deparaffinized tis-

sue sections were blocked with goat serum and incu-
bated with primary antibodies against p65 (1:100; bs-
20355R, Bioss antibodies Inc.) overnight at 4°C in 
darkness. The sections were then incubated in Cy3 fluo-
rescently labeled secondary antibody in darkness for 1 
h at room temperature. DaPI was used to stain the cell 
nuclei. The staining was observed using a fluorescence 
microscope (BX53, olympus, Tokyo, Japan).

Statistical analysis
Statistical analysis was performed using GraphPad 

Prism version 5.0 (GraphPad Software, La Jolla, CA, 
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uSa). Student’s t-test and one-way analysis of variance 
(anoVa) were used to compare the means of normally 
distributed continuous variables. The data are presented 
as the mean ± SD, and each experiment was repeated 
three times. Survival data were analyzed using Kaplan–
Meier curves and log-rank tests. a P value less than 0.05 
was regarded as statistically significant.

Results

EsA improved the survival rate of rats with CLP-induced 
sepsis

In the present study, we first determined the effect of 
EsA on the survival rate of rats with CLP-induced sepsis. 
As shown in the Fig. 1A, the number of surviving rats 
was significantly reduced after CLP compared with the 
number of surviving sham rats. administration of DXM 
and 5 mg/kg and 10 mg/kg EsA significantly increased 
the number of surviving rats. There was no significant 
difference in the number of surviving rats between the 
DXM and 10 mg/kg Esa groups.

EsA alleviated kidney damage caused by CLP in rats
Next, we explored the effect of EsA on renal function 

of rats. The results of PaS staining showed that renal 
tubule structures were markedly damaged in rats with 
CLP-induced sepsis. However, treatment with DXM (2 

mg/kg) or EsA (5 mg/kg and 10 mg/kg) significantly 
attenuated injury of renal tubules (Fig. 2A). The levels 
of Bun and CR, two indicators of renal function, were 
remarkably increased in septic rats, while their increas-
es were markedly inhibited after DXM (2 mg/kg) or Esa 
(5 mg/kg and 10 mg/kg) treatment (Fig. 2B).

EsA suppressed inflammation and oxidative stress in 
CLP-induced septic rats

Next, we evaluated the effects of EsA on inflammation 
and oxidative stress in the kidney of septic rats. as shown 
in the Fig. 3A, the results indicated that the decreases in 
the activities of SoD and GSh and increases in MDa 
and MPO in tissue induced by CLP were partly restored 
by DXM (2 mg/kg) or Esa (5 mg/kg and 10 mg/kg) treat-
ment. The elevated levels of TNF-α, IL1-β, and IL-6 in 
tissue and serum induced by CLP were also reduced after 
DXM (2 mg/kg) or Esa (5 mg/kg and 10 mg/kg) treat-
ment (Figs. 3B and C). The results of immunohistochem-
istry and western blotting revealed that the overexpres-
sion of COX-2 and iNOS in tissue caused by CLP in rats 
was significantly reduced after DXM (2 mg/kg) or EsA 
(5 mg/kg and 10 mg/kg) treatment (Figs. 3D and E).

EsA inhibited the HMGB1/TLR/NF-kB pathway-related 
proteins in CLP-induced septic rats

As shown in Figs. 4A  and B, the elevated levels of 

Fig. 1. Administration of EsA improved the survival of rats with CLP-induced sepsis. 
Survival was analyzed using Kaplan–Meier analysis and the log-rank test.
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expression of mRNA and protein of HMGB1, TLR4, and 
Myd88 induced by CLP were significantly inhibited 
after 10 mg/kg Esa treatment. Immunohistochemical 
analysis also demonstrated that the overexpression of 
HMGB1 caused by CLP was markedly suppressed after 
administration of 10 mg/kg EsA (Fig. 4C). The results 
of western blotting showed that the decrease in IκBα 
expression and increase in p-p65 expression induced by 
CLP were remarkably inversed after 10 mg/kg EsA ad-
ministration (Fig. 4D). Neither CLP nor EsA affected the 
expression of p65 in the whole protein of renal tissues 
(Fig. 4D). However, the amount of nuclear p65 was in-
creased in the kidney of septic rats, while treatment with 
10 mg/kg EsA negated the increase of nuclear p65 (Fig. 
4E). This finding was confirmed by immunofluorescence 

staining (Fig. 4F).

EsA reduced LPS-mediated oxidative stress and 
inflammatory responses in HK-2 cells

Our findings indicate that EsA can attenuate CLP-
induced sepsis in rats and that the effect of EsA is ex-
erted through the inhibition of inflammatory responses. 
As shown in Figs. 5A and B, LPS enhanced the release 
of MDA, TNF-α, IL-1β, and IL-6 in HK-2 cells. EsA 
decreased the LPS-induced MDA and pro-inflammatory 
cytokine production in hK-2 cells. In addition, Esa ad-
ministration suppressed the LPS-induced upregulation 
of COX-2 and iNOS (Fig. 5C), which indicated that EsA 
can protect kidney tubular epithelial cells from LPS-
induced oxidative stress and inflammatory responses.

Fig. 2. Treatment with EsA attenuated AKI in rats with CLP-induced sepsis. (A) Representative photomicrographs of PAS staining of 
the kidney in different groups. Scale bars: 100 µm. (B) The levels of serum BUN and CR. i, Sham group; ii, CLP-induced AKI 
group; iii, CLP-induced AKI + DXM (2 mg/kg) group; iv, CLP-induced AKI + EsA (2.5 mg/kg) group; v, CLP-induced AKI + 
EsA (5 mg/kg) group; vi, CLP-induced AKI + EsA (10 mg/kg) group. Data are shown as the mean ± SD. *P<0.05; **P<0.01; 
***P<0.001.
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EsA inhibited LPS-induced upregulation of HGB1/TLR4 
and activation of NF-κB in HK2 cells

Consistent with the findings in the in vivo study, LPS 
induced increased expressions of HMGB1, TLR4, and 
Myd88 (Fig. 5D), decreased expression of IκBα, and 
enhanced phosphorylation and nuclear translocation of 
p65 in HK-2 cells (Figs. 5D and F). EsA treatment sig-
nificantly reversed these changes.

Discussion

aKI is one of the most severe complications of sepsis, 
which is associated with high mortality [9, 29]. In the 
present study, CLP-induced rats, a well-established sep-

sis model [13] and LPS-induced HK-2 cells were used 
to explore the effects of EsA on septic AKI. DXM is 
usually used for treatment of inflammatory diseases and 
exhibits protective effects against sepsis in animal mod-
els [4, 5, 16]. Here, the effects of EsA were compared 
with those of DXM. The results showed that Esa at-
tenuated renal tubular injury and improved renal function 
in septic rats, and the effects were similar to those of 
DXM. Mechanically, Esa inhibited oxidative stress, 
decreased the production of proinflammatory cytokines, 
and inhibited TLR4/NF-κB signal activation in both 
CLP-induced rats and LPS-injured HK-2 cells. Our find-
ings indicate that EsA can attenuate CLP-induced sepsis 
in rats and that its anti-inflammatory effect and TLR4/

Fig. 3. Administration of EsA suppressed inflammation and oxidative stress in the kidney of rats with CLP-induced sepsis. (A) The 
levels of MDA and GSH and activities of MPO and SOD. (B) The contents of serum TNF-α, IL-1β, and IL-6. (C) The levels of 
kidney tissue TNF-α, IL-1β, and IL-6. (D) Immunohistochemical analysis of COX-2 and iNOS in the kidney. Scale bars: 50 
µm. (E) The expression levels of COX-2 and iNOS in the kidney were assessed using western blotting. i, Sham group; ii, CLP-
induced AKI group; iii, CLP-induced AKI + DXM (2 mg/kg) group; iv, CLP-induced AKI + EsA (2.5 mg/kg) group; v, CLP-
induced AKI + EsA (5 mg/kg) group; vi, CLP-induced AKI + EsA (10 mg/kg) group. Data are shown as the mean ± SD. *P<0.05; 
**P<0.01; ***P<0.001.
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NF-κB signal inhibition may contribute to this effect.
Inflammation plays a critical role in the pathogenesis 

of sepsis-induced AKI [18, 21]. Previous studies dem-
onstrated that EsA attenuated LPS-induced acute he-
patic and pulmonary inflammation and inhibited proin-
flammatory cytokine release in macrophages, indicating 
that EsA can suppress inflammation induced by bacte-
rial LPS [14, 38, 40]. In agreement with these studies, 
we found that treatment with EsA significantly attenu-
ated CLP-induced renal inflammation in septic rats, as 
evidenced by the decreased TNF-α, IL-1β, and IL-6. 
TLR4, a member of the TLR family, plays a key role in 
identifying bacterial LPS and mediating inflammatory 
responses and innate immunity [1]. Inhibition of the 

TLR4 pathway has been demonstrated to be associated 
with inflammation attenuation and mortality reduction 
in sepsis [12, 33, 37]. However, studies on TLR4 knock-
out mice have found that deficiency in TLR4 could in-
hibit secretion of proinflammatory cytokines but could 
not affect the survival of CLP mice [2, 6]. Based on these 
findings, the suppression of TLR4 induced by EsA may, 
at least partly, contribute to the anti-inflammatory effects 
of Esa. Whether or not the decreased mortality caused 
by EsA is associated with the inhibition of TLR4 needs 
to be studied in the future.

TLR4 signaling activates downstream effectors includ-
ing NF-κB through the adaptor protein MyD88, resulting 
in the generation of pro-inflammatory cytokines [23]. 

Fig. 4. Treatment with EsA inhibited the HMGB1/TLR/NF-kB pathway in rats with CLP-induced sepsis. (A) The mRNA expression 
levels of HMGB1, TLR4, and Myd88 in renal tissue were evaluated by RT-PCR. (B) Western blotting was performed to assess 
the expressions of HMGB1, TLR4, and Myd88 in the kidney. (C) Immunohistochemical staining of HMGB1 in the kidney. Scale 
bars: 50 µm. (D) The expressions of p65 and p-p65 were detected in the kidney by western blotting. (E) The expression of 
nuclear p65 in renal tissue was evaluated with immunoblotting. (F) Immunofluorescence was performed to assess the location 
and expression of p65 in renal tissue. Scale bars: 50 µm. i, Sham group; ii, CLP-induced AKI group; vi, CLP-induced AKI + 
EsA (10 mg/kg) group. Data are shown as the mean ± SD. *P<0.05; **P<0.01; ***P<0.001.
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The role of MyD88 in CLP-induced sepsis survival is 
controversial. In the study of Castoldi et al., MyD88 
knockout mice showed improved survival after being 
subjected to CLP [2]. However, Echtenacher et al. found 
that MyD88 knockout worsened survival in CLP mice 
[25]. In our opinion, the environmental and operative 
technique differences between the two labs may have 
contributed to this discrepancy because we noted that 
there is a dramatic difference in the survival of wild type 
mice between the two studies. In our study, the survival 
rate was similar to that in the study of Castoldi et al., 
and we found that EsA treatment inhibited MyD88 ex-
pression. Thus, the improved survival in our study may 
be associated with the downregulation of Myd88, but 
the detailed mechanisms still need to be investigated.

hMGB1 is a nuclear protein that regulates multiple 
processes such as transcription, replication, and Dna 

repair [30]. It can also be passively or actively released 
into an extracellular medium upon cell stress or activa-
tion [8, 28]. Functions of HMGB1 in inflammatory re-
sponses are being debated: one argument is that it in-
duces the release of proinflammatory cytokines; another 
is that highly purified HMGB1 has no cytokine-inducing 
activity. In contrast, it binds many pathogen-associated 
molecules such as LPS and bacterial lipopeptides and 
strengthens their effects. In any case, inhibition of 
HMGB1 release exerts a protective effect against inflam-
matory responses [31]. hMGB1 secretion is mediated 
by TLR4 [15], and excessive HMGB-1 in turn induces 
cytokines production through binding with TLR4 and 
activates proinflammatory pathways like NF-κB [3]. In 
our study, hMGB1 expression was upregulated after 
LPS stimulation and CLP in vitro and in vivo, respec-
tively. Esa administration suppressed the increase of 

Fig. 5. Treatment with EsA inhibited LPS-stimulated alteration of stress-, inflammation-, and HMGB1/TLR/NF-kB pathway-related 
factors in HK-2 cells. (A, B) The levels of MDA, TNF-α, IL1-β, and IL-6. (C–F) The expression levels of COX-2, iNOS, HMGB1, 
TLR4, Myd88, IκBα, p-p65, and nuclear p65 were evaluated by western blotting. NS, normal saline; LPS, lipopolysaccharide. 
Data are shown as the mean ± SD. *P<0.05; **P<0.01; ***P<0.001.
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hMGB1, which suggests that inhibition of hMGB1 may 
contribute to the anti-inflammatory effects of EsA in the 
kidney of septic rats.

NF-κB is a transcriptional protein that plays important 
roles in inflammatory responses [24]. Stress factors ac-
tivate IκB kinase and in turn cause the phosphorylation 
of IκB proteins, the latter are degraded and release NF-
κB. The activated NF-κB transfers to the nucleus and 
induces the transcription of target genes including pro-
inflammatory cytokines [7, 24]. The released cytokines 
can also activate NF-κB, which forms a vicious circle 
[17]. In the present study, we found that CLP and LPS 
increased the expression levels of HMGB1, TLR4, and 
Myd88, but not p65, and EsA reversed these changes. 
Therefore, one possible explanation for these changes is 
that the increased levels of these proteins after stimula-
tion enhance chances to initiate signaling through TLRs, 
leading to increased p65 phosphorylation, without any 
relation of EsA with TLR4 signal cascades. Our findings 
indicate that treatment with EsA could effectively relieve 
AKI and that its protective effects may be associated 
with regulation of the TLR4/MyD88/HMGB1 signaling 
pathway.

In summary, Esa treatment reduces mortality and 
protects the kidney against inflammation and oxidative 
stress in rats with CLP-induced sepsis. Our findings 
provide a potential strategy for the treatment of septic 
aKI.
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