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Introduction

Renal ischemia/reperfusion injury (RIRI), a leading cause of 
acute kidney injury (AKI), is normally experienced during 
urological surgery and kidney transplantation, is. RIRI is 

a potentially life-threatening clinical disease and carries 
high rates of morbidity and mortality for patients (1,2). 
The pathogenesis of RIRI is elusive, and several factors 
are involved in it, including renal endothelial dysfunction, 
tubular epithelial cell injury, and increased production of 
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reactive oxygen species (ROS). These factors all contribute 
to functional and structural deterioration in the kidney (3). 
Moreover, the mechanisms of RIRI are also multifactorial. 
As mentioned in the previous study, oxidative stress, 
inflammation, cell apoptosis, and autophagy are all involved 
in the regulation of RIRI (4).

Recently, renal ischemic postconditioning (RIPo) has 
become a hotspot area that has drawn an increasing amount 
of interest for its use protecting against ischemia/reperfusion 
injury (IRI) through “organ conditioning”. Interestingly, 
since the first report by Zhao et al. (5), accumulating evidence 
has shown that ischemic postconditioning (IPo) can be used 
to protect a number of different organs (6). Therefore, 
clinically, IPo has gained recognition as an intervention 
for protecting organs against RIRI (7). RIPo is a series of 
transient rapid intermittent ischemia, suitable for reperfusion 
of previously ischemic kidney (8). RIPo has been explored 
comprehensively, and studies indicated that RIPo mitigated 
renal damage after RIRI in rat models (9). We hypothesized 
that RIPo exhibited a protective role in RIRI.

The phosphoinositide-3-kinase/serine-threonine kinase 
Akt/mammalian target of rapamycin (PI3K/Akt/mTOR) 
axis is a well-known pathway that regulates a range of 
key cellular functions including glucose metabolism, cell 
proliferation, apoptosis, survival and protein synthesis. 
An increasing number of studies have suggested that the 
kidneys and heart can be protected from RIRI via the 
activation of PI3K/Akt/mTOR signaling (10,11). The 
PI3K/Akt pathway has been found to negatively regulate 
genes that facilitate inflammation, thrombosis, and vascular 
permeability, thus protecting vascular function (12).  
Activated Akt can rapidly inactivate mTOR and promote 
autophagy. It is worth noting that the activation of 
autophagy attenuates RIRI in rats according to the previous 
studies (2). Given the renal protective role of the PI3K/Akt 
pathway, it is reasonable to speculate that RIPo may activate 
the PI3K/Akt/mTOR pathway after RIRI. However, the 
exact regulatory mechanisms of RIPo are still elusive. The 
present study was designed to determine whether RIPo 
attenuates cellular apoptosis, renal lipid peroxidation, and 
inflammatory responses to reduce RIRI in the kidneys of 
rats through the activation of autophagy via the PI3K/Akt/
mTOR pathway. 

We present the following article in accordance with the 
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-859).

Methods

Animal preparation and experimental protocol

The Ethics  Committee  of  Exper imenta l  Animal 
Management and Animal Welfare of Chengdu University 
of Traditional Chinese Medicine reviewed and approved. 
Code: CD. No20181121c0600130[344].

Six-to-eight-week-old male Sprague Dawley rats 
(weight: 250–280 g) were obtained from the Hubei 
Laboratory Animal Center (Hubei, China). All animal 
experiments were carried out in accordance with the 
National Institute of Health’s Guidelines for the Care 
and Use of Laboratory Animals. The rats were kept in 
pathogen-free conditions under a 12 h light/12 h darkness 
cycle at 25±3 ℃, humidity 60%. They had free access to 
sterilized water and were fed a standard laboratory diet 
ad libitum. Animals were observed, Animal preparation 
was performed as previously described (8). The rats were 
randomly divided into three groups (n=12) respectively: 
the sham-operated control group (sham); the RIRI 
group: the left renal artery was isolated and clamped for 
45 min using a nontraumatic artery clamp after a right 
nephrectomy where after reperfusion; and the RIPo group: 
rats were subjected to RIPo prior to I/R, which consisted 
of 6 cycles of clamping the left renal artery for 10 seconds 
of reperfusion after that 10 seconds ischemia immediately 
after 45 minutes of ischemia. The rats were sacrificed  
24 hours later. The sham-operated control rats underwent 
the same process without ligation of the artery. 

Proteinuria, blood urea nitrogen (BUN), and creatinine 
(Cr) determinations 

A murine microalbuminuria ELISA kit, AlbuwellM™ 
(Exocell Inc., Philadelphia, PA, USA) was used to detect 
proteinuria levels. BUN was tested using the QuantiChrom™ 
Urea Assay Kit (DIUR-500) (BioAssay Systems, Hayward, 
CA, USA) in line with the manufacturer’s instructions. Serum 
Cr was measured using the (Enzymatic) Reagent Set from 
Pointe Scientific, Inc. (Canton, MI, USA). 

Assessment of renal injury

Hematoxylin and eosin staining (H&E staining) was 
carried out to assess renal injury histologically using a 
light microscope. Briefly, the kidney was fixed in 4% 
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paraformaldehyde for 24 h, embedded in paraffin, and 
sectioned to a thickness of approximately 4 μm. H&E 
staining was performed, and histopathological morphology 
was observed under a light microscope.

TUNEL assay 

Terminal deoxynucleotidyl transferase-mediated dUTP-
biotin nick end labeling (TUNEL) staining was carried 
out to measure cell apoptosis in situ in accordance with 
the instructions of the manufacturer (TUNEL Apoptosis 
detection kit: UPSTATE, Lake Placid, NY, USA). 
TUNEL-positive cells stained yellowish-brown within the 
nucleus are apoptotic cells. These cells were observed and 
counted under the microscope (13). A special OLYMPUS 
DX51 fluorescence microscope (Tokyo, Japan) was 
employed to capture images.

Immunohistochemistry

The renal was fixed with 4% paraformaldehyde for 24 h, 
embedded in paraffin, and sectioned. The paraffinized 
sections were separated with xylene before being rehydrated 
with gradient ethanol. After the antigen was extracted in  
10 mM citric acid buffer, the tissue sections were incubated 
in 3% H2O2 for 10 min and sealed at room temperature for 
1 h. The heart tissue sections were then incubated overnight 
with a rabbit anti-caspase-3 antibody (Cell Signaling 
Technology, Boston, MA, USA). The corresponding 
second antibody was incubated at room temperature for 
1 h. The images were observed under an Olympus DX51 
fluorescence microscope (Olympus, Tokyo, Japan). The data 
were analyzed by Image pro plus 6.0 (Media Cybernetics, 
USA).

Measurement of oxidative stress markers

The renal of each rat was removed and homogenized 
with 10× (w/v) ice-cold PBS (50 mM pH 7.8), before 
centrifugation at 1,000 rpm 4 ℃ for 3 min. The supernatant 
was then divided into two: one portion was used to measure 
lipid peroxidation end product malondialdehyde (MDA) and 
reactive oxidative species (ROS); and the other underwent 
centrifugation a second time at 12,000 rpm at 4 ℃ for  
15 min and was used to measure superoxide dismutase 
(SOD) and lactate dehydrogenase (LDH). MDA, ROS, 
SOD, and LDH were measured with commercially 
available MDA kits, ROS kits, SOD assay kit, and LDH 

assay kit (Jiancheng Bioengineering Institute, Nanjing, 
China), respectively. MDA concentration is expressed as 
mmol/mL of protein, ROS concentration is expressed as  
U/mL of protein, SOD concentration is expressed as U/mL 
of protein, and LDH concentration is expressed as U/L of 
protein.

ELISA

Commercially available interleukins (IL)-6, IL-1β, and IL-
18 ELISA kits (BD Biosciences, USA) were used to detect 
inflammatory cytokines, in line with the instructions of the 
manufacturer. Absorbance was immediately measured using 
a microplate reader at 450 nm.

Western blotting

3-methyladenine (3-MA; Selleckchem) was dissolved in 
5% ethanol and intraperitoneally administered at a dose of 
300 μg/kg 20 min before the onset of ischemia. The rats 
were sacrificed at 24 h after RIRI and their kidneys were 
homogenized as described previously. Total protein was 
extracted from the kidneys of each group of rats with 1 mL 
ice-cold RIPA buffer containing 2 mM PMSF and cocktail. 
BCA kit (Beyotime Institute of Biotechnology, Shanghai, 
China) was employed to determine protein concentration. 
The total protein sample (quantity: 20 μg/μL) was 
loaded into 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) loading buffer and 
subsequently transferred to polyvinylidene difluoride 
(PVDF) membranes. The PVDF membranes were sealed 
with 5% skim milk at 37 ℃ for 120 min before incubation 
with the following primary antibodies at 4 ℃ overnight, 
followed by incubating with HRP-conjugated secondary 
antibodies. Visualization of the signals was carried out with 
the enhanced Horseradish Peroxidase (Pierce, Rockford, 
IL, USA). The density of the bands was determined and 
analyzed using an automatic digital gel image analysis 
system Bio-Rad CFX-96 (Bio-Rad, CA, USA).

Statistical analysis

Statistical analysis was carried out with Graph Pad Prism 
version 5.0 (Sinarline, NY, USA). Data were presented 
as means ± SD for the indicated analyses. Statistical 
significance in all statistical tests was represented by a 
probability value of P<0.01. Western blot was evaluated by 
Quantity One (Discovery Series, USA) analysis. 
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Figure 1 RIPo reduced renal function impairment, oxidative stress level, and inflammation after IRI. (A) Effects of RI-Post on the 
proteinuria, serum creatinine, and blood urea nitrogen concentrations after 45 minutes of ischemia. (B) MDA, SOD, LDH and ROS 
concentration at 24 h post-reperfusion. (C) IL-1β, IL-6, and IL-18 concentration in serum at 24 h post-reperfusion. Bars are means ± 
standard error (n=6), **, P<0.01 vs. sham group; ##, P<0.01 vs. I/R group. RIPo, renal ischemic postconditioning; IRI, ischemia/reperfusion 
injury; RI, renal ischemia; MDA, malondialdehyde; SOD, superoxide dismutase; LDH, lactate dehydrogenase.
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Results

RIPo improves renal dysfunction

The levels of proteinuria, BUN and Cr were significantly 
increased in the I/R group compared to the sham group. 
The changes in renal function that were caused by I/R were 
markedly promoted with RIPo treatment in the RIPo group 

in comparison to the I/R group (Figure 1A).

RIPo decreases oxidative stress and inflammatory cytokines 
after I/R

As shown in Figure 1B, MDA and ROS content and SOD 
and LDH activity in the kidney tissue were measured. 
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The MDA content, ROS content and LDH activity were 
significantly elevated in the I/R group (P<0.01), while SOD 
activity was significantly decreased (P<0.01). However, the 
RIPo group showed the reverse results. The serum levels 
of inflammatory cytokines including IL-1β, IL-6, and IL-
18 were detected to determine the extent of pathological 
inflammation in RIRI. As shown in Figure 1C, the levels 
of IL-1β, IL-6, and IL-18 in the serum were significantly 
increased in the I/R group (P<0.01). However, RIPo 
significantly decreased serum interleukin levels (P<0.01).

RIPo improves the morphologic features and attenuates cell 
apoptosis after RIR

I/R group showed severe pathological changes, as shown in 
Figure 2A, including perivascular dilatation and congestion, 
tubular dilatation and cellular edema, and protein 
accumulation in the fluid within the lumen. IPo attenuated 
the pathological changes. The TUNEL assay showed that 
the number of TUNEL-positive cells (= apoptotic cells) 
was significantly elevated in the I/R group in comparison 
with the sham group. However, TUNEL-positive cells 
were significantly reduced in number in the RIPo group 
in comparison to the I/R group (P<0.01, Figure 2B). 
Quantitative analysis of TUNEL-positive cells showed a 
marked increase in the I/R group, while apoptotic cells were 
significantly lower (P<0.01) in the RIPo group than in the I/
R group (Figure 2C). Immunohistochemical staining results 
revealed that caspase-3 expression was elevated in the I/R 
group. Reversely, the expression of caspase-3 was inhibited 
in the RIPo group compared to the I/R group (Figure 2D). 
Quantitative analysis of positive cells for caspase-3 showed 
an obvious increase in the I/R group, while there was a 
significant reduction (P<0.01) in the number of caspase-3 
positive cells in the RIPo group compared with the I/R 
group (Figure 2E). Western blot results revealed that the 
protein levels of Caspase-3 and Caspase-9 as well as the 
ratio of Bcl-2/Bax were up-regulated in the I/R group. 
Reversely, the protein levels of Caspase-3 and Caspase-9 as 
well as the ratio of Bcl-2/Bax were down-regulated in the 
RIPo group compared to the I/R group (Figure 2F,G).

RIPo promoting autophagy after I/R

Expression levels of autophagy-related (ATG) 8, Beclin-1, 
microtubule-associated protein light chain 3 (LC3)-II, 
LC3-I, and p62 were analyzed by immunoblotting to 
elucidate the role of RIPo in autophagy. Western blotting 

analysis revealed that, compared to the sham group, the 
levels of ATG8, LC3-Ⅱand Beclin-1 were down-regulated 
in the I/R group, while that of p62 was up-regulated  
(Figure 3, P<0.01). In contrast, I/R-induced autophagy 
inhibition was alleviated by RIPo. The LC3 II/I ratio was 
significantly reduced by I/R and restored by RIPo (Figure 3, 
P<0.01).

RIPo activated the PI3K/Akt/mTOR pathway

To investigate whether RIPo can promote autophagy 
via the PI3K/Akt/mTOR pathway, 3-MA (300 μg/kg), 
which is known to inhibit autophagy, was administered 
via intraperitoneal injection. The ratios of p-PI3K/PI3K, 
p-mTOR/mTOR, and P-Akt/Akt were determined by 
immunoblotting. Western blot analyses showed that, 
compared to the sham group, the levels of p-PI3K, p-Akt, 
and p-mTOR were significantly decreased in the I/R 
group. However, RIPo treatment significantly elevated 
the expression levels of p-PI3K, p-Akt, and p-mTOR in 
comparison to those of the I/R group (Figure 4A, P<0.01). 
When 3-MA was introduced in the experiment, the levels 
of p-PI3K, p-Akt, and p-mTOR were significantly lower 
compared with the RIPo group (Figure 4A, P<0.01). The 
ratios of p-PI3Kp85/PI3Kp85, P-Akt/Akt, and p-mTOR/
mTOR were significantly decreased in RIPo group 
compared with the sham group. Meanwhile, the ratios of 
p-PI3Kp85/PI3Kp85 and p-mTOR/mTOR, and p-Akt/
Akt were significantly higher in the RIPo group than the 
I/R group (Figure 4B, P<0.01). However, the ratios of 
p-PI3Kp85/PI3Kp85 and p-mTOR/mTOR, and p-Akt/
Akt was reversed by adding inhibitor 3-MA compared with 
RIPo group. Collectively, our data supported that PI3K/
Akt/mTOR signaling is activated by RIPo. 

Discussion 

RIPo provides a new strategy for protecting the kidney from 
IRI (9,14,15). The results of the present study are consistent 
with earlier findings and illuminate the mechanisms of 
the cellular response to RIRI, which show the therapeutic 
potential of RIPo. We showed that RIPo ameliorated RIRI 
in rats by inhibiting cell apoptosis and reducing oxidative 
stress and inflammation. Interestingly, this protective role 
against RIRI may result from the activation of the PI3K/
Akt signaling pathway, thus inhibiting the phosphorylation 
of mTOR. 

Given the fact that renal dysfunction, cellular apoptosis, 
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Figure 2 Effect of RIPo on pathological changes and apoptosis after IRI. (A) Representative kidney sections stained with H&E at the 
end of 24 hours’ reperfusion. (B) Representative photomicrographs of TUNEL staining in the kidney. (C) Immunohistochemistry was 
performed for the expression of Caspase-3. (D) Percentage of TUNEL-positive cells per high-power field. (E) Percentage of Caspase-3 
positive cells per high-power field. Section from a rat treated with ischemic postconditioning. H&E staining, immunohistochemical 
staining, and TUNEL assay, original magnification ×400. (F) A representative result for Western blot analysis Caspase-3, Caspase-9, Bcl-2 
and Bax. (G) Semi-quantitative analysis of the protein levels of Caspase-3 and Caspase-9 and the ratio of Bcl-2/Bax in each group. Bars are 
means ± standard error (n=6), *, P<0.05 vs. sham group. **, P<0.01 vs. sham group; #, P<0.05 vs. I/R group. ##, P<0.01 vs. I/R group. MDA, 
malondialdehyde; SOD, superoxide dismutase; LDH, lactate dehydrogenase; IL, interleukins; RIPo, renal ischemic postconditioning; H&E, 
hematoxylin and eosin. 

Sham I/R RIPo

Sham
I/R
RIPo

Caspase-3

Caspase-9

Bcl-2

Bax

GAPDH

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on 8

7
6
5
4

0.5
0.4
0.3
0.2
0.1
0.0

Cas
pas

e-
3

Cas
pas

e-
9

Bcl-
2/

Bax

100

80

60

40

20

0

60

40

20

0

**

**

##

##

A
po

pt
ot

ic
 c

el
ls

 (%
)

C
as

pa
se

-3
 p

os
iti

ve
 

ce
lls

 (%
)

H
E

TU
N

E
L

C
as

pa
se

-3

Sha
m I/R

RIP
o

**

*
*

##
##

A

B C

ED

F G



1362 Tian et al. RIPo reduces RIRI

  Transl Androl Urol 2020;9(3):1356-1365 | http://dx.doi.org/10.21037/tau-20-859© Translational Andrology and Urology. All rights reserved.

ATG8

Beclin 1

P62

ATG8 Beclin 1 P62 LC3 I/LC3 II

LC3 I
LC3 II

GAPDH

Sha
m

Sham

I/R

RIPo

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

0.6

0.4

0.2

0.0

#

#

#

#

*
*

*

*

I/R
RIP

o

PI3K

P-PI3K

AKT

P-AKT

mTOR

P-mTOR

GAPDH PI3K/P-PI3K P-AKT/AKT P-mTOR/mTOR

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

##

##

##

** $$ ** $$
** $$

Sha
m I/R

RIPo +
 3-

MA
RIP

o

Sham

I/R

RIPo

RIPo + 3-MA

0.6

0.4

0.2

0.0

BA

Figure 4 Effect of RIPo on the changes in the phosphorylation of PI3K, Akt, and mTOR after IRI. 3-MA (300 μg/kg) was administered 
i.p. 20 min before occlusion of the middle cerebral artery. The protein expressions of p-PI3Kp85, p-mTOR, P-Akt (Ser473), mTOR, PI3K, 
and Akt were determined by Western blotting. The GAPDH was used to internal control. Data are presented as the means ± SDs in three 
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renal ischemic postconditioning; 3-MA, 3-methyladenine; p-PI3K, phospho-PI3K p85.

Figure 3 Effect of RIPo on autophagy after IRI. (A) The protein expressions of Beclin-1, LC3, and p62 were determined by Western 
blotting. (B) Changes in the ratio of LC3-II/LC3-I, P62, and Beclin1protein levels. The GAPDH was used to internal control. Data 
are presented as the means ± SDs in three independent experiments. *, P<0.05 vs. sham group; #, P<0.05 vs. I/R group. I/R, ischemia/
reperfusion; RIPo, renal ischemic postconditioning; RI, ischemia/reperfusion injury.

oxidative stress, and inflammation are involved in RIR, 
morphological features of renal dysfunction and cellular 
apoptosis, as well as indexes of renal dysfunction, oxidative 
stress, and inflammation, were examined. In our study, 
the I/R group experienced significant acute kidney injury, 
as shown by severe morphological changes and renal 
dysfunction. Elevated levels of proteinuria, BUN, and Cr in 

the I/R group were also observed, suggesting kidney damage 
had occurred. For our investigation, we subjected rats to 
45 min ischemia along with RIPo followed by reperfusion, 
and assessed RIRI 24 h after reperfusion. Pretreatment with 
RIPo was demonstrated to providethe rats with protection 
against RIRI, as manifested by the restored proteinuria, 
BUN, and Cr content by RIPo, as well as preserved renal 
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function, attenuated pathological changes and inflammation 
response, reduction of apoptosis, and ROS level. 

Apoptosis, also called programmed cell death, is 
considered a significant contributor to RIRI (16). Caspase-3 
and Akt are critical proteins involved in apoptotic pathways. 
Furthermore, Akt has been reported to be upregulated after 
IPo, resulting in the inhibition of apoptosis (17). Previous 
studies have demonstrated that IPo can exert an anti-
apoptotic effect (18). In our study, Rats subjected to RIPo 
reduced IR induced apoptosis, as shown by the significant 
reduction of TUNEL positive cells (Figure 2B,C). Caspase-3 
was seen to be significantly up-regulated after RIRI  
(Figure 2D,E). However, this up-regulation was significantly 
decreased after RIPo. Western blotting showed that the 
anti-apoptotic protein Akt was dominantly expressed 
after RIPo treatment. Consistent with these studies, our 
results showed that RIPo significantly inhibited apoptosis, 
suggesting that RIPo can reduce RIRI via apoptosis 
inhibition.

Oxidative stress is considered to be a significant factor 
in IRI-induced damage, which plays a critical role in cell 
apoptosis. During I/R, the sudden oxygen influx will result 
in an explosion of ROS in ischemic tissues. It is well known 
that the MDA content reflects the degree of LPO reactions, 
while the activities of SOD and LDH reflect the ability of 
the body to scavenge ROS. In the RIPo group, we observed 
decreased levels of MDA, LDH and ROS with increased 
SOD activity after RIRI. A previous study demonstrated 
that RIPo significantly reduced RIRI by attenuating renal 
LPO (17). Consistent with the study, our results showed 
that RIPo significantly inhibited oxidative stress.

RIRI is a disease positively corrected with inflammatory. 
In the present study, the ELISA result showed RIPo 
decreased the serum levels of IL 1β, IL-6, and IL-18. 
Previous research reported that IPo attenuated inflammatory 
response (19). IL 1β, one of the essential pro-inflammatory 
cytokines, is generally produced by infiltrated immune cells 
in injured or infected areas of tissue (20). The previous 
study revealed that the increase of IL-6 was a marker of 
inflammatory responses after IRI (21). Similarly, another 
potent pro-inflammatory cytokine IL-18, also named IFN γ, 
has been reported to be involved in ameliorating IRI (22).  
Consistent with the earlier study, levels of IL 1β, IL-6, 
and IL-18 were significantly increased in the rat serum. 
However, pretreatment with RIPo markedly decreased the 
serum IL 1β, IL-6, and IL-18 levels in the rats, showing 
that RIPo has a protective effect against RIRI in rats via the 
repression of inflammatory responses.

Autophagy is proved to help cell survival under stress. 
The yeast ATG8 protein and its mammalian homologues 
of the LC3 and γ-aminobutyric acid receptor associated 
proteins (GABARAP) families have been key for the 
tremendous expansion of our knowledge about autophagy, 
a process in which cytoplasmic material become targeted 
for lysosomal degradation (23). LC3 and Beclin-1 are 
two pacemakers that contribute to autophagy. A positive 
correlation has been identified between LC3II/LC3I 
ratio and the extent of autophagosome formation (24), 
whereas an inverse correlation has been reported between 
autophagy and the level of p62 protein (25). IPo has been 
demonstrated to play a protective role against IRI via the 
activation of autophagy, both in vitro and in vivo (26). In this 
study, Beclin-1, LC3II, and the ratio of LC3II/LC3I were 
increased, but p62 was decreased in the RIPo group, which 
indicated that RIPo activates autophagy to reduce RIRI. 
The results agree with the studies above.

The  PI3K/Akt  pa thway  p lays  a  par t  wi th  the 
regulation of cell proliferation, apoptosis, autophagy, and 
inflammation (27). mTOR, an essential downstream target 
of the PI3K/Akt pathway, is vital to protein synthesis 
and is considered to be a fundamental controller of  
autophagy (28) .  A growing bank of  evidence has 
identified that IRI is attenuated via the activation of the 
PI3K/Akt/mTOR signaling pathway, which inhibits 
apoptosis, activates autophagy, and attenuates ROS and  
inflammatory (29). There is emerging evidence to suggest 
that mTOR offers protective properties against I/R. For 
example, RIPo could prevent ischemia-induced apoptosis 
and memory defects by initiating the mTOR signaling 
pathway (28). The critical protein expressions of the 
PI3K/Akt/mTOR pathway were analyzed to clarify the 
possible mechanism of the protective response of RIPo 
against RIR. In our study, reduced levels of PI3K and 
Akt phosphorylation were seen after RIR compared to 
the sham group, while enhanced mTOR phosphorylation 
was also observed. Whereas, RIPo increased the levels of 
p-PI3K and p-Akt but decreased the level of p-mTOR. 
This evidence strongly suggested that PI3K/Akt/mTOR 
pathway plays an essential role in RIR, and RIPo provides 
protective effects by activating the PI3K/Akt/mTOR 
signaling pathway. Herein, these findings are promising, 
RIPo provides protective effects in the treatment of RIRI, 
but further experiments are needed to prove whether RIPo 
plays a role in inhibiting apoptosis and inducing autophagy 
through the activation of the PI3K/Akt/mTOR signaling 
pathway.
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Conclusions

In conclusion, we demonstrated convincing evidence that 
treatment of RIPo in I/R rats protects RIRI, as manifested 
by attenuated inflammation and oxidative stress, reduced 
apoptosis, activated autophagy, and well-preserved renal 
function. RIPo could suppress Inflammatory response, 
oxidative stress, apoptosis and induce autophagy as well as 
activate the PI3K/AKT/mTOR pathway, which may play 
an important role in renal protection against RIRI.
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