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Abstract
Purpose: To investigate the mechanism of resveratrol protection against sepsis-induced acute kidney
injury in mice.

Methods: A sepsis-induced acute kidney injury model was established in mice by cecal ligation and
puncture (CLP). Sixty healthy male ICR mice were randomly divided into the sham operation (sham)
group, sepsis-induced acute kidney injury model (CLP) group, CLP + low-dose (20 mg/kg) resveratrol
treatment (CLP + ResL) group, CLP + high-dose (40 mg/kg) resveratrol treatment (CLP + ResH) group
and CLP + Klotho (0.01 mg/kg) treatment (CLP + Klotho) group. All mice were administered treatment
on the day after surgery and once every 24 h for 3 days. Various serum biochemical parameters and
protein expressions were evaluated.

Results: After CLP, the levels of serum creatinine (Scr) and blood urea nitrogen (BUN) increased and
the pathology was exacerbated. The protein and mRNA expression levels of Klotho and Bcl-2
decreased, while those of Bax and Caspase-3 increased (p < 0.05). After resveratrol and Klotho protein
intervention, Scr and BUN levels recovered, and pathological changes were alleviated. The protein and
MRNA expression levels of Klotho and Bcl-2 increased, while those of Bax and Caspase-3 decreased.
The conditions of the mice in CLP + ResH group and the CLP + Klotho group improved more
significantly than those of the mice in the CLP + ResL group (p < 0.05).

Conclusion: Resveratrol upregulates the expression of endogenous Klotho to exert its antiapoptotic
effects, which can protect the kidneys of mice against sepsis-induced acute kidney injury. Thus, the
compound has potentials for development for protection against acute kidney injury.
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INTRODUCTION The kidneys are some of the most vulnerable

organs to sepsis [2]. Early prevention and
Sepsis is a systemic inflammatory response treatment of acute kidney injury (AKI) in sepsis is
syndrome (SIRS) caused by severe infection [1].  of great clinical importance for reducing the high
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mortality rate of sepsis and
prognoses of septic patients [3].

improving the

The Klotho protein was first discovered in 1997
by the Korean scientist Kuro-O through anti-
aging research. Klotho is a unidirectional
transmembrane protein encoded by the Klotho
gene. The hormone-like secretory form of Klotho
plays a major role in AKI. Decreased Klotho
protein levels may play an important role in the
occurrence and progression of AKI and may be
useful as new markers for AKI diagnosis and
prognosis [4]. Klotho has different protective
effects against AKI induced by ischemia and
poisoning. In a previous study, a mouse model of
sepsis-induced AKI was established by the cecal
ligation and puncture (CLP) method, and human
proximal curved renal tubular epithelial cells (HK-
2 cells) were treated with lipopolysaccharide
(LPS) to establish a sepsis-induced AKI cell
model. The expression of Klotho decreased after
the completion of model induction. Acute Klotho
protein deficiency is also present in sepsis-
induced AKI.  Therefore, restoration  of
endogenous Klotho protein expression may have
a protective effect against sepsis-induced AKI
[5]. Resveratrol, which is similar to polygonin, is
an anthraquinone terpenoid compound with the
molecular formula Ci4H1203 and a molecular
weight of 228.25. Resveratrol is known to have
antioxidative, free radical-scavenging and
antiaging properties as well as antitumor, anti-
mutation effects, hepatoprotective, estrogen-like,
bone metabolism-affecting, neuroprotective,
bacteriostatic, anti-inflammatory, antiviral and
immunoregulatory effects. Furthermore, it can
enhance insulin sensitivity [6].

A previous study has shown that Klotho protein
levels are acutely deficient and that Klotho
expression is reduced in sepsis-induced AKI.
Restoration of endogenous Klotho expression
may have a protective effect against sepsis-
induced AKI [5]. Resveratrol may also have a
protective effect against sepsis-induced AKI.
However, whether the protective effect of
resveratrol is related to the protein expression of
Klotho remains unclear. Thus, the present study
was conducted to investigate the protective effect
of resveratrol against sepsis-induced AKI and to
observe whether the effects of resveratrol are
related to upregulation of Klotho protein
expression.

EXPERIMENTAL
Animals

Sixty specific pathogen-free healthy male ICR
mice with body weights of 30 + 2 g (28 - 32 g)

were provided by the Laboratory Animal Center
of Wenzhou Medical University (Laboratory
Animal Production License: SCXK (Zhejiang)
2015-0001) (Laboratory Animal Use License:
SYXK (Zhejiang) 2015-0009). Normal feeding,
artificial 12-h light/dark cycles, a relative humidity
of approximately 45 %, and a constant
temperature of 25 °C were provided, and the
animals were adaptively fed for 1 week with
standard pellets.

Ethical approval

The Institutional Animal Care and Use
Committee (IACUC) of Wenzhou Medical
University approved the experiment (approval no:
wydw2019-0472), and also followed international
guidelines for animal studies.

Reagents and drugs

Resveratrol was purchased from Shanghai
Yuanye Biological Company. Klotho protein was
purchased from Abcam. The Bcl-2, Bax,
Caspase-3, and B-actin antibodies as well as
horseradish peroxidase (HRP)-labeled
secondary antibodies were purchased from Cell
Signaling. Hydrogen peroxide solution (3 %),
goat serum blocking solution, polymerized HRP-
labeled secondary antibodies, and diamino-
benzidine (DAB) were purchased from Beijing
Zhongshan Jinbridge. Radioimmunoprecipitation
assay (RIPA) lysis buffer was purchased from
Biyuntian. A bicinchoninic acid (BCA) protein
assay kit was purchased from Pierce.

Polyvinylidene difluoride (PVDF) membranes
were purchased from Millipore Corporation. An
enhanced chemiluminescence (ECL) kit was
purchased from Pierce. TRIzol reagent was
purchased from Invitrogen Corporation. A
Fermentask1622 RevertAid™ First Strand cDNA
Kit was purchased from Thermo Scientific
Corporation. Power SYBR Green PCR Master
Mix (2x) was purchased from Applied
Biosystems Corporation. The primers were
synthesized by Shanghai Shenggong
Corporation.

A 7500 quantitative PCR instrument was
purchased from Applied Biosystems Corporation.
A blood creatinine detection kit (sarcosine
oxidase method) and urea nitrogen detection kit
(urease method) were purchased from Nanjing
Jiancheng Institute of Biological Engineering
Corporation. All other reagents were domestically
acquired and were of analytical grade

Establishment of sepsis-induced AKI mouse
model (CLP model)
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Healthy male ICR mice, aged 6 - 8 weeks and
weighing 28 - 32 g, were given standard pellets
and water ad libitum. They were then injected
intraperitoneally with 2 % sodium pentobarbital.
After being anesthetized, the mice were fixed in
the supine position on a plate, and the abdominal
area was disinfected with 75 % alcohol three
times with cotton balls. A longitudinal median
incision of 1.0 cm was made in the abdomen with
ophthalmic scissors, and the peritoneum was cut
open to fully expose the abdominal cavity.

The cecum was dissected with ophthalmic
tweezers, and the end of the cecum was located.
The cecum was ligated 1.5 - 2 cm from the end
with 4-0 surgical sutures. A 22 needle (black #5
syringe needle) was used to penetrate the cecum
twice between the ligation site and the distal end
of the cecum, and a small amount of intestinal
content was extruded. The cecum was returned
to the abdominal cavity, and the fascia and skin
were routinely sutured. After the operation, 1 mL
of sterile normal saline preheated at 37 °C was
injected subcutaneously into the relaxed part of
the back of each mouse for resuscitation. In the
sham operation group, only cecal exposure,
handling, closure and resuscitation were
performed. The cecum was neither ligated nor
perforated. Modeling success was judged on the
basis of the following criteria: no death within 6 h
of CLP but the presence of standard symptoms
of laboratory sepsis, including erection of hair,
diarrhea, reduced activity, and malaise. Mortality
reached a peak at 24 h and was 40 - 60 % at 72
h, indicating that the model was successfully
established. Moreover, pathological changes in
the kidneys of the mice were observed to
determine whether AKI was present. The results
of the preliminary experiment confirmed that the
sepsis-induced AKI model was successfully
established.

Animal grouping

Sixty mice were randomly divided into the sham
operation (sham) group, sepsis-induced AKI
model (CLP) group, CLP + low-dose resveratrol
treatment (CLP + Res!) group, CLP + high-dose
resveratrol treatment (CLP + Res") group, and
CLP + Klotho treatment (CLP + Klotho) group,
with 12 mice in each group.

Drug administration

Resveratrol was prepared as a uniform
suspension with normal saline at concentrations
of 2 and 4 mg/mL, and the mice were
administered 20 and 40 mg/kg intragastrically. All
the groups were given approximately the same
dose of drug at a dose volume of 10 mL/kg. All

mice underwent intragastric administration every
24 h for 3 days beginning on the day after
surgery: CLP + Res* group; 20 mg/kg (2 mg/mL)
and CLP + Res" group; 40 mg/kg (4 mg/mL). In
the CLP + Klotho group, recombinant murine a-
Klotho protein (0.01 mg/kg) was intraperitoneally
injected once every 24 h for 3 days beginning 1 h
after CLP according to a previously described
method [5,7]. The sham group and the CLP
group were intragastrically and intraperitoneally
injected with equal doses of normal saline every
day, respectively.

Specimen collection and processing

The mice were sacrificed 3 days after modeling.
The mice were anesthetized with 1 %
pentobarbital sodium, and the eyes removed for
blood collection. The serum was collected by
centrifugation at 2500 rpm for 10 min and stored
at -80 °C for renal function analysis. The kidneys
were exposed and removed through a ventral
midline incision, and the renal capsules were
carefully removed. The kidney tissue was divided
into three parts: one part of the kidney tissue was
washed with ice-cold normal saline, cut into four
pieces, quickly transferred to liquid nitrogen, and
then stored at -80 °C for Western blot and real-
time PCR analysis; one part of the renal tissue
was cut into four pieces, fixed in 4 %
paraformaldehyde, @ embedded in  routine
dehydrated paraffin, and then subjected to
hematoxylin and eosin (H & E) and periodic
acid-Schiff (PAS) staining and immune-
histochemistry. The final part of the renal tissue
was fixed in 2.5 % glutaraldehyde for electron
microscopy examination.

Measurement of renal function

Serum creatinine (Scr) and blood urea nitrogen
(BUN) were evaluated according to a previous
method [5].

Histopathological examination

Pathological changes in renal tissue were
observed by H & E and PAS staining under a
light microscope while the formation of apoptotic
bodies was observed by transmission electron
microscopy. Mouse kidney tissues were collected
3 days after CLP and sectioned. The tissue
sections were fixed and stained with H & E and
PAS. Images at 400x magnification were
acquired using a biological imaging microscope
(BX53, Olympus, Japan). The specific methods
are described in a previous study [5]. Electron
microscopy images of the proximal tubule
epithelial cells in the renal cortices of mice were
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observed under a Hitachi H7500 electron

microscope (Hitachi, Japan).

Determination of protein expression levels of
Klotho, Bcl-2, Bax and Caspase-3

The renal cortical tissues of mice were collected,
preserved at -80 °C and subjected to Western
blotting. The specific methods of the Western
blot analysis are described in previous paper [5].
Image Lab 3.0 software (Bio-Rad) was used for
exposure, and the gray value was analyzed.

Immunohistochemical analysis of Klotho and
caspase-3 protein expression

The specific methods used for
immunohistochemistry (IHC) are described in a
previous report [5]. The integrated optical
densities (IODs) of the Klotho and Caspase-3
proteins in renal tissue were determined with
Image-Pro Plus 6.0 software.

Quantitative real-time chain
reaction (QRT-PCR)

polymerase

Primer 5.0 software was used to design specific
primers for Klotho, Bcl-2, Bax and Caspase-3,
and the primer sequences are shown in Table 1.
The B-actin was used as an internal reference,
and the primers were synthesized by Shanghai
Shenggong Company. Mouse kidney tissue was
removed from liquid nitrogen. The RNA was
extracted from the kidney tissue using TRIzol
reagent, and the absorbance value was
measured at 260/280 nm to analyze the purity
and concentration of the RNA. The RNA was
reverse-transcribed into cDNA using a
RevertAid™ First Strand cDNA Kit (25 °C for 5
min, 42 °C for 60 min, and 70 °C for 5 min).
Finally, Power SYBR Green PCR Master Mix
(2x) was used for real-time quantitative PCR.
The PCR procedure was 50 °C for 2 min for one
cycle; 95 °C for 10 min for one cycle; and 95 °C
for 15 s and 60 °C for 60 s for 40 cycles.

The reliability of the PCR results was evaluated
by dissociation curve analysis. The results were
analyzed by the AACt method. The 2-44Ct value is
used to represent the relative expression level of
the target gene, where AACt was calculated
using egn 1.

AACt = {Ct target gene (test sample) - Ct internal

reference (test sample)} — {Ct target gene
(corrected sample) - Ct internal reference
(corrected sample)} .................. (1)

Table 1: Primer sequences

Primer Direction Sequence (5’- 3’)

Klotho  Forward TCACTGGGTCAATCTCTGGA
Reverse CGCCCTAAACTTGTCATCGT

Bcl-2 Forward GGTGGTGGAGGAACTCTTCA
Reverse GAGCAGCGTCTTCAGAGACA

BAX Forward TGAAGACAGGGGCCTTTTTG
Reverse AATTCGCCGGAGACACTCG

Caspa  Forward TGACTGGAAAGCCGAAACTC

se-3 Reverse GCAAGCCATCTCCTCATCA

Statistical analysis

Statistical Package for the Social Sciences
(SPSS) 23.0 software was used for statistical
analysis. The measurement data are expressed
as the mean * standard deviation. One-way
ANOVA was used to compare values in different
groups. The differences between groups were
tested by the LSD test. The P-value was 2-sided,
and P < 0.05 was considered to indicate
statistical significance.

RESULTS
Changes in renal function

After the CLP operation, Scr and BUN levels
were significantly increased, leading to the
deterioration of renal function. Compared with
those in the sham group, Scr and BUN levels
were significantly increased in the CLP group,
CLP + Rest group, CLP + ResH group and CLP +
Klotho group (*p < 0.05). Compared with those in
the CLP group, the Scr and BUN levels in the
CLP + Res' group, CLP + ResH group and CLP +
Klotho group were decreased, and there were
statistically significant differences in the CLP +
Res" group and CLP + Klotho group (*p < 0.05).
These findings confirmed that treatment with
resveratrol or Klotho had beneficial effects on
renal function and that high-dose resveratrol had
a better effect than low-dose resveratrol (Figure
1A).

Changes in renal tissue ultrastructure

The ultrastructure of the proximal convoluted
tubule microvilli was dense and slender and were
arranged regularly in the sham group. The
mitochondria were rod-like without obvious
swelling, the mitochondrial cristae were clear and
regular, the endoplasmic reticulum was not
expanded, and the matrix was uniform and rich.
After CLP, mitochondrial swelling, vacuolation,

microvillus disorder, mitochondrial outer
membrane damage, blurred or broken
mitochondrial cristae, unclear mitochondrial

boundaries, matrix solidification, fuzzy internal
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structures, and endoplasmic reticulum expansion
were observed. After resveratrol and Klotho
intervention, the pathological changes in renal
tubule ultrastructure in the CLP + Res' group,
CLP + Res" group and CLP + Klotho group were
alleviated (Figure 1 B).
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Figure 1: Changes in renal function and ultrastructural
changes in renal tissue in mice (A). Images showing
renal function and the effects of resveratrol and the
Klotho protein on Scr and BUN levels in mice in the
different groups. *P < 0.05 vs. sham group; #p < 0.05
vs. CLP group. (B). Electron microscopy images
showing the ultrastructure of proximal tubule epithelial
cells in the renal cortices

Pathological changes

The H & E and PAS staining showed vacuolar
degeneration, renal tubule brush border epithelial
cell exfoliation, basement membrane exposure
and interstitial inflammatory cell infiltration in the
kidneys of the mice in each group after CLP.
These changes were not obvious in the sham
group. After resveratrol and Klotho intervention,
the pathological changes in renal tubules in CLP
+ Rest group, CLP + ResH group and CLP +
Klotho group were alleviated. Semiquantitative
scores were calculated for epithelial vacuolar
degeneration, basement membrane exposure,
and interstitial inflammatory cell infiltration. No,
mild, moderate, and severe lesions were
indicated by scores of 0, 1, 2, and 3 points,
respectively. The pathological scores of each
group were evaluated (Figure 2).
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Figure 2: Pathological changes in renal tissue in mice
in the different groups (A). Images of H & E and PAS-
stained kidney tissues. (B). Semiquantitative

pathological scores in the different groups. "P < 0.05
vs. sham group; #p < 0.05 vs. CLP group

Protein expressions

Western blotting showed that the protein
expression of Klotho and Bcl-2 was decreased
after CLP, while that of Bax and Caspase-3 was
increased after CLP. After treatment with
resveratrol and Klotho, the protein expression of
Klotho and Bcl-2 increased, while that of Bax and
Caspase-3 decreased. Both directional changes
were alleviated compared with those in the CLP
group. Compared with that in the sham group,
the protein expression of Klotho and Bcl-2 in CLP
group, CLP + Res' group, CLP + Res" group and
CLP + Klotho group was significantly decreased,
while the protein expression of Bax and
Caspase-3 was significantly increased, and
some differences were statistically significant
(partly *p < 0.05). After resveratrol and Klotho
intervention, compared with that in the CLP
group, the protein expression of Klotho and Bcl-2
was increased, while the protein expression of
Bax and Caspase-3 was decreased in the CLP +
Rest group, CLP + Res" group and CLP + Klotho
group. Some differences were statistically
significant (*p < 0.05) (Figure 3).
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Figure 3: Protein expression (Semiquantitative

Western blots) of Klotho, Bcl-2, Bax and Caspase-3.
*P < 0.05 vs. sham group; #p < 0.05 vs. CLP group

Distribution and expression of Klotho and
Caspase-3 proteins

Immunohistochemistry showed that the Klotho
and Caspase-3 proteins were mainly distributed
in the tubular cytoplasm of mice. Compared with
that in the sham group, Klotho protein expression
was significantly decreased in the CLP group,
CLP + Rest group, CLP + ResH group and CLP +
Klotho group, while Caspase-3 protein
expression was significantly increased (*p <
0.05). These findings indicated that Klotho levels
were decreased and that Caspase-3 levels were
increased after CLP. After resveratrol and Klotho
intervention, compared with that in the CLP
group, the protein expression of Klotho was
increased in the CLP + Res! group, CLP + Res"
group and CLP + Klotho group, while the protein
expression of Caspase-3 was decreased. The
decreases in Klotho expression in the CLP +
Rest group, CLP + Res" group and CLP + Klotho
group and the increase in Caspase-3 expression
in the CLP + Klotho group were significant (p <
0.05; Figure 4).

MRNA expressions of Klotho, Bcl-2, Bax and
Caspase-3

Quantitative RT-PCR showed that the mRNA
expression of Klotho and Bcl-2 was decreased
after CLP, while that of Bax and Caspase-3 was
increased after CLP. After resveratrol and Klotho
protein intervention, the mRNA expression of
Klotho and Bcl-2 was increased, and the mRNA

expression of Bax and Caspase-3 was
decreased. Both of the directional changes were
alleviated compared with those in the CLP group.
Compared with that in the sham group, the
MRNA expression of Klotho and Bcl-2 in the CLP
group, CLP + Res' group, CLP + Res" group and
CLP + Klotho group was significantly decreased,
while the mRNA expression of Bax and
Caspase-3 was significantly increased. Some
differences were statistically significant (*p <
0.05). After resveratrol and Klotho intervention,
compared with that in the CLP group, the mRNA
expression of Klotho and Bcl-2 was increased in
the CLP + Res' group, CLP + Res" group and
CLP + Klotho group, while the mRNA expression
of Bax and Caspase-3 was decreased. There
were statistically ~ significant  differences
compared with the sham and CLP groups (¥p <
0.05; Figure 5).
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Figure 4: Distribution and expression of the Klotho
and Caspase-3 proteins in the kidney tissues. (A).
Immunohistochemical images showing Klotho and
Caspase-3 protein expression. Images at 200x
magnification (B). Semiquantitative
immunohistochemical staining among the different
groups. P < 0.05 vs. sham group; #p < 0.05 vs. CLP

group
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Figure 5: The mRNA expression (semiquantitative
PCR) of Klotho, Bcl-2, Bax and Caspase-3. *P < 0.05
vs. sham group; #p < 0.05 vs. CLP group

DISCUSSION

A mouse model of sepsis-induced AKI was
successfully established by CLP. After the CLP
operation, the levels of Scr and BUN increased,
and renal function deteriorated. The H & E and
PAS staining showed vacuolar degeneration and
abscission of the epithelial cells in the brush
borders of the renal tubules, basement
membrane exposure, interstitial inflammatory cell
infiltration, and exacerbation of pathological
scores, all of which indicated successful
modeling. Furthermore, the protective effect of
resveratrol and Klotho protein against sepsis
(CLP)-induced AKI in mice was investigated and
the relationship between resveratrol and
endogenous Klotho protein expression was
observed. The role of resveratrol in sepsis-
induced AKI has not been well studied.

Resveratrol is known to significantly reduce
mortality and alleviate AKI in septic mice by
reducing endoplasmic reticulum stress, inhibiting
the NF-kB pathway and alleviating the
inflammatory response [8,9]. Resveratrol can
play a therapeutic role in sepsis-induced AKI
mice by activating the SIRT1/3 pathway [10].
Resveratrol also promotes the deacetylation of
NF-kB P65 by upregulating SIRT1, thereby
alleviating sepsis-induced AKI [11].

A previous study showed that administration of
both 0.01 mg/kg recombinant Klotho protein to a
mouse model of sepsis-induced AKI in vivo and
0.4 pg/mL recombinant Klotho protein to a cell
model of sepsis-induced AKI in vitro alleviated
acute renal dysfunction and kidney injury and
partly restored endogenous Klotho protein
expression, playing a protective role in the kidney

[5]. Other studies have reported that recombinant
a-Klotho is safe and effective and has the
potential to prevent and treat the progression of
AKI to chronic kidney disease (CKD) and to block
the progression of uremic cardiomyopathy [12].
Yamamoto et al [13] showed that Klotho protein
supplementation 30 min after ischemic renal
injury can alleviate AKI, indicating that Klotho can
prevent the decline in renal function.

The results of the current study showed that both
low-dose and high-dose resveratrol reduced Scr
and BUN levels, improved renal function, partially
ameliorated the pathological changes in sepsis-
induced AKI, and alleviated tubulointerstitial
lesions, especially high-dose resveratrol. The
improvement was more obvious in the high-dose
group than in the low-dose group, with a
significant difference between groups. After
Klotho protein treatment, kidney function was
improved, pathological changes were alleviated,
and protective therapeutic effects were observed.
These effects were statistically significant and
were consistent with those in previous studies.
Therefore, it became necessary to investigate
whether there is a connection between
resveratrol and Klotho. Additional results
indicated that Klotho expression was decreased
after CLP, as shown by immunohistochemistry,
Western blotting, and quantitative real-time PCR,
while Klotho was increased (at both the mRNA
and protein levels) after resveratrol intervention,

indicating that resveratrol could restore
endogenous Klotho expression.
Resveratrol induced the same effect as

exogenous administration of the Klotho protein
and had the same renoprotective effect. The next
question that needed attention was to find out the
mechanism by which resveratrol upregulates
endogenous Klotho expression. Resveratrol is
known to reduce septic organ damage by
affecting apoptosis. Chen et al [14] reported that
resveratrol can reduce  apoptosis in
macrophages, reduce the expression of iINOS,
Bcl-2 and Bcl-xL in LPS-induced macrophages
and reduce sepsis-induced AKI. An et al [15]
confirmed that resveratrol reduces
cardiomyocyte apoptosis during sepsis by
activating SIRT 1. Studies have also shown that
resveratrol can inhibit LPS-induced alveolar
epithelial cell apoptosis by activating the SIRT 1
pathway to reduce organ damage [16]. Klotho
may also exert a renoprotective effect by
inhibiting apoptosis. Studies have shown that
upregulation of the Klotho protein can play a
protective role in cisplatin-induced AKI through
antioxidant and antiapoptotic effects [17].
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In umbilical vein endothelial cells, Klotho protein
inhibits apoptosis by affecting oxidative stress in
the endoplasmic reticulum via the PI3K/Akt
pathway [18]. Klotho also inhibits osteoblast
apoptosis through the NF-kB pathway [19].
Therefore, both resveratrol and Klotho have the
ability to inhibit apoptosis, but is there a
correlation between resveratrol and Klotho? Only
one report of such a relationship is available. It
suggests that resveratrol can enhance the
expression of the antiaging gene Klotho in the
kidney by activating the signaling pathway
mediated by the transcription factor 3/c-Jun
complex [20].

Further results of the current study showed that
after CLP, Bcl-2 expression decreased, while
Bax and Caspase-3 expression increased,
indicating that CLP activated apoptosis. In
contrast, after low-dose and high-dose
resveratrol intervention, Bcl-2 expression
increased, while Bax and Caspase-3 expression
decreased (at both the mRNA and protein
levels). The results showed that resveratrol
reduced the activation of apoptosis, especially in
the high-dose intervention group. Exogenous
application of Klotho had an effect similar to that
of resveratrol. The expression of Bcl-2 increased
and the expression of Bax and Caspase-3
decreased (at both the mRNA and protein levels)
after Klotho protein administration, which
suggested that the Klotho protein also had
antiapoptotic effects. Therefore, resveratrol can
increase endogenous Klotho expression induced
AKI.

CONCLUSION

The findings of this study using mouse model of
CLP-induced sepsis with AKI show that
endogenous Klotho expression reduces after
CLP operation, and consequently activates the
apoptotic pathway. Resveratrol and Klotho
administration upregulates the expression of
endogenous Klotho and has antiapoptotic
effects. Therefore, this treatment has a
renoprotective effect in mice with sepsis-induced
AKI, and has potentials for development as a
strategy for the management of sepsis-induced
AKI.
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