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Introduction

Intestinal ischemia/reperfusion (II/R) is an inevitable com-
plication following various serious diseases, such as severe 
trauma, traumatic shock, severe infection, intestinal obstruc-
tion, and surgery.1,2 It is one of the critical clinical challenges 
with high morbidity and mortality.3 Redirecting the blocked 
blood flow to intestine after ischemia is essential for the 
repair of damaged intestine, but also triggers a cascade of 
additional organ damages frequently exceeding the original 
ischemic insult, namely, reperfusion injury.4 Ischemia/rep-
erfusion (I/R) injury is caused by multiple factors, includ-
ing oxygen radical formation, neutrophil accumulation, 
excessive inflammatory cytokine release, and cell apoptosis.5 
II/R usually leads to increased intestinal permeability and 

disruption of mucosal barrier function, which may trig-
ger intestinal infections and even systemic inflammatory 
responses and distal organ failure.6,7 Therefore, innovative 
therapeutic strategies are needed to mitigate II/R-induced 
intestinal damage.

Autophagy, a tightly regulated intracellular catabolic 
process that is involved in the disposal of damaged orga-
nelles and dysfunctional proteins through autophagosomal 
sequestration and subsequent lysosomal degradation, plays 
crucial roles in general homeostasis through regulating 
inflammation, oxidative stress, and apoptosis in diverse dis-
eases including II/R injuries.8,9 Defective autophagy usually 
potentiates pro-inflammatory cytokine production and pro-
motes damaged cytoplasmic components accumulation in 
some ischemic diseases, resulting in excessive inflammation 
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Our study unravels for the first time that Corilagin, 
one of the representative components of the che-
buloids, has a significant protective effect against 
pathological injury induced by intestinal ischemia-
reperfusion, which is mainly reflected in the alle-
viation of oxidative stress, apoptosis, and intestinal 
barrier damage. We also found that Corilagin can 
activate autophagic flow through AMPK/Sirt1 path-
way, which may be one of the mechanisms for 
Corilagin’s therapeutic effects. In conclusion, our 
study further contributes to the usage and potential 
mechanisms of Corilagin.
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response, oxidative stress, and apoptosis.10 And, autophagy 
activation could significantly ameliorate ischemic injuries 
by direct disposal of dysfunctional intracellular components 
and aggregated inflammasome structures, thus decreasing 
cell death and inflammation response.11,12 So, appropriate 
autophagy activation might serve as a viable II/R therapeu-
tic strategy.

Multiple signal pathways are involved in autophagy 
regulation including AMPK/Sirt1, PI3K/AKT/mTOR, 
MEK/ERK and HIF-1α/BNIP3 signaling pathways.13–16 
Both AMPK and Sirt1 are fuel-sensing molecules, which 
are closely related to homeostasis and energy balance in the 
body.17 Being phosphorylated at Thr172 activates AMPK; 
then the activated AMPK further activates Sirt1 and reg-
ulates inflammation, oxidative stress, and apoptosis in a 
Sirt1-dependent manner.18,19 Increasing evidence has indi-
cated that AMPK/Sirt-1 pathway linked autophagy plays a 
protective effect in various diseases including I/R injuries.13 
Various natural products are observed to protect against 
multiple diseases by regulating AMPK/Sirt1/autophagy 
signaling pathway. For instance, resveratrol has been found 
to attenuate early brain injury after subarachnoid hemor-
rhage and bone cancer pain by regulating autophagy via 
AMPK/Sirt1 pathway.20,21 However, the role of the AMPK/
Sirt1/autophagy pathway in II/R-induced intestinal dam-
age is still unknown.

Corilagin (CA, Figure 1(a)), a natural ellagitannin found 
in a variety of plants, has been shown to possess many bio-
logical and pharmacological properties, such as antioxidant, 
antiinflammatory, and antiapoptosis activities.22–24 CA has 
been reported to improve ischemic brain injury in rats by 
reducing oxidative stress and promoting angiogenesis, and 
protect against I/R-induced acute lung injury by improv-
ing apoptotic pathways.22–24 However, no studies have 
reported the effects and molecular mechanisms of CA in 
alleviating II/R-induced intestinal damage. Recent studies 
have shown that CA could ameliorate oxidative stress and 
restore autophagic flux to alleviate nonalcoholic fatty liver 
disease25 and promote AMPK phosphorylation to activate its 
downstream signaling pathway to alleviate acetaminophen-
induced liver injury, suggesting the possibility of CA regu-
lating autophagy by promoting AMPK phosphorylation.26 
Therefore, we proposed that CA might effectively amelio-
rate II/R injury by restoring II/R-impaired autophagy flux 
through activating AMPK/Sirt1 signaling pathway. Both 
in vivo and in vitro studies were carried out to verify our 
proposal.

Materials and methods

Drugs and reagents

CA (purity quotient: ⩾98%), purchased from Shanghai 
Source Leaf Biological Technology Co. Ltd (Shanghai, 
China). Reagent kits for detection of diamine oxidase (DAO), 
myeloperoxidase (MPO), malondialdehyde (MDA), and 
glutathione (GSH) were obtained from Nanjing Jiancheng 
Institute of Biotechnology (Nanjing, China). Dulbecco’s 
minimum essential medium (DMEM) and fetal bovine 
serum (FBS) were purchased from ScienCell research labo-
ratories (CA, USA). Terminal deoxynucleotidyl transferase–
mediated dUTP-biotin nick-end labeling (TUNEL) kit was 

provided by Roche Company (Roche, Shanghai, China). 
Reactive oxygen species (ROS) Assay Kit was purchased 
from Beyotime Biotechnology (Shanghai, China). Cell count-
ing kit-8 (CCK-8) kit was provided by Biotool (Shanghai, 
China). Compound C dihydrochloride (CC, 99.91% pure) 
was purchased from MCE (USA).

Animal husbandry and II/R rat model 
establishment

Healthy male Sprague–Dawley rats weighting 180–220 g 
were obtained from Animal Center of Dalian Medical 
University (Dalian, China) (Certificate of Conformity: 
No. SYXK (Liao) 2018-0001). All the animal experiments 
were performed according to National Institutes of Health 
Guide for the use of animals in laboratory experiments 
and approved by Dalian Medical University Animal Care 
and Ethics Committee (approval number: AEE19007). All 
rats were adaptively fed for one week before use in a con-
trolled laboratory conditions with a temperature of 24 ± 2°C, 
humidity of 60 ± 10%, and 12/12 h light/dark cycle.

Rats were fasted for 12 h with free access to water before 
the experiments. The rat II/R injury model was established 
according to the previous study.27 Rats were anesthetized 
with 20% ethyl carbamate and fixed in the supine-face up. 
Then, isolated superior mesenteric artery (SMA), occluded 
SMA with an atraumatic arterial clamp for 1 h, and then gen-
tly removed the clamp for 2 h reperfusion. After reperfusion, 
blood samples were taken from abdominal aorta, then rats 
were sacrificed and the whole small intestine was removed 
and washed with normal saline. All samples were stored at 
−80°C for determination.

The rats were randomly divided into five groups (n = 6 in 
each group): (1) Sham group (Sham): rats were administered 
vehicle intragastrically for three days and underwent isola-
tion of SMA without occlusion; (2) II/R group: rats were 
administered vehicle intragastrically for three days and 
subjected to II/R injury. (3) CA (25 mg/kg) + II/R group: 
rats were intragastric administrated with CA (25 mg/kg) 
once daily for three consecutive days prior to II/R induc-
tion. (4) CA (50 mg/kg) + II/R group: rats were intragastric  
administrated with CA (50 mg/kg) once daily for three 
consecutive days prior to II/R induction. (5) CA (50 mg/
kg) + Sham group: rats were intragastric administrated with 
CA (50 mg/kg) once daily for three consecutive days before 
sham operation.

Approximately 2 cm of isolated intestine was washed with 
ice-cold normal saline, fixed with 4% paraformaldehyde 
solution for at least 24 h, and further used for hematoxylin-
eosin (H&E), immunohistochemical (IHC) and the terminal 
deoxynucleotidyl transferase-mediated biotinylated deox-
yuridine triphosphate nick-end labeling (TUNEL) staining. 
Serum was used to measure the levels of diamine oxidase 
(DAO) and the supernatant of rat intestinal homogenate was 
used to measure myeloperoxidase (MPO), malondialdehyde 
(MDA), and glutathione (GSH) levels.

Cell culture

Human colorectal adenocarcinoma cell line Caco-2 was 
used to establish the hypoxia-reoxygenation (H/R) injury 
model in this study. Caco-2 cells were cultured in DMEM 
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supplemented with 10% FBS in a humidified atmosphere of 
5% CO2 at 37°C. To establish H/R model, the cells were incu-
bated in low-glucose DMEM and transferred to a microaero-
philic system containing 5% CO2, 1% O2 and balanced with 
94% N2 for 12 h at 37°C, then cultured in normal conditions 
for 12 h reoxygenation. The changes of cell viability under 
different reoxygenation times (0, 3, 6, 12, and 24 h), different 
concentrations of CA (0, 1, 5, 10, 20, 50, 100, 200, and 300 μg/
mL) for 12, 24 h and pretreated with CA at different concen-
trations after H/R injury for 6, 12, and 24 h were measured 
by the CCK-8 kit, respectively.

Intracellular ROS were measured with flow cytometry 
analysis according to manufacturer’s instructions. Cellular 
apoptosis was detected by the Hoechest 33342 kit according 
to manufacturer’s instructions.

Western blotting analysis

Total protein samples extracted from Caco-2 cells or rat intes-
tinal tissues were separated using SDS-PAGE (6–15%) and 
transferred to PVDF membranes. Then, the membranes were 
blocked by 5% defatted milk for 2 h at room temperature, 

incubated with the following primary antibodies: AMPK, 
P-AMPK (Cell Signaling Technology, MA, USA), Sirt1 (Bioss, 
Beijing, China), P62, LC3II/I, Beclin1, Bax, ZO-1, Occludin, 
and Bcl-2 (Proteintech, Wuhan, China) overnight at 4°C, 
and then individually incubated with the corresponding 
secondary antibodies for 2 h at indoor temperature. After 
extensive washing by Tris buffered solution with 0.1% tween 
20 (TBST), the membranes were exposed to ECL detection 
system. Protein’s quantification was determined in optical 
density units using Image Lab software (Bio-Rad, CA, USA) 
and normalized to the corresponding sample protein expres-
sion of β-actin.

Statistical analysis

The animal experiments, in vitro experiments, and data 
analyses were conducted according to a single-blind study 
design. Data was compared between three or more groups 
using one-way analysis of variance (ANOVA), and between 
two groups using Student’s t-test. Data were expressed as 
the means ± standard error of the mean. Data were nor-
mally distributed, and each group showed similar variances.  

Figure 1.  CA ameliorated intestinal ischemia/reperfusion (II/R)-induced intestinal damage in rats. (a) The chemical structure of CA. (b) Representative images of 
intestinal histology (scale bar = 200 μm). Goblet cells were indicated by red arrows. (c) Histopathological scores (Chiu’s scores) of the intestine. (d) The levels of serum 
DAO (n ⩾ 3). (e) The expression levels of occludin and ZO-1 proteins (n ⩾ 3).
Data are expressed as the mean ± SEM.
#P < 0.05 and ##P < 0.01 versus sham group, *P < 0.05 and **P < 0.01 versus II/R group.



320   Experimental Biology and Medicine   Volume 248   February 2023

All experiments were repeated at least three times and a 
P-value of <0.05 was considered statistically significant.

Results

CA ameliorated II/R-induced intestinal damage

To determine whether CA exerts protective effects, intestinal 
morphologic alterations were measured by H&E staining.  
The jejunal mucosal epithelium in the sham group or 
CA-pretreated sham group was intact with clearly visible 
goblet cells. Compared with the sham rats, II/R induced 
significant intestinal morphological changes with massive 
inflammatory cell infiltration accompanied by denuded 
villi, dilated capillaries, digestion as well as disintegration 
of lamina propria, hemorrhage, and ulceration. The II/R-
induced intestinal morphologic alterations were signifi-
cantly attenuated by CA pretreatment (25 and 50 mg/kg) 
in a dose-dependent manner with Chiu’s scores markedly 
restored (Figure 1(b) and (c)). The histopathological analy-
sis suggested the protective effects of the CA pretreatment 
against II/R-induced intestinal epithelial injury.

CA ameliorated II/R-injured intestinal barrier

The DAO levels in serum and the expression levels of tight 
junction proteins ZO-1 and occludin were examined to assess 
the degree of intestinal epithelial barrier damage. Compared 
with the sham group, the serum DAO level was significantly 
increased in II/R injured rats, and CA pretreatment (25 and 
50 mg/kg) significantly reversed the increased serum DAO 
levels of II/R rats in a dose-dependent manner (Figure 1(d)). 
Western blotting analysis showed that the expression levels 
of both occludin and ZO-1 were reduced in II/R group com-
pared with sham group, and CA pretreatment significantly 
increased the dysregulated protein expression in II/R group 
(Figure 1(e)). These results demonstrated the protective 
effects of CA on II/R-injured intestinal barrier.

CA mitigated II/R-induced oxidative stress and 
apoptosis

Excessive oxidative stress and epithelial apoptosis are critical 
features in the pathogenesis of II/R injury.28 The increased 
levels of MDA (a biomarker of oxidative damage) and down-
regulation of GSH (biomarkers of antioxidant capacity) were 
observed in II/R-injured group compared with the sham 
group, indicating the serious oxidative stress induced by 
II/R. The levels of MPO, which is a biomarker of neutro-
phil infiltration, were also increased in II/R injured rats. In 
contrast, CA pretreatment (25 and 50 mg/kg) significantly 
mitigated the dysregulated expression levels of MDA, GSH, 
and MPO in II/R injured rats in a dose-dependent manner 
(Figure 2(a) to (c)), showing the effective alleviation effects 
of CA on II/R induced oxidative stress.

In mammals, the Bcl-2 family proteins play an important 
role in the process of apoptosis regulation. The Bax/Bcl-2 
ratio determines the trend of cell apoptosis.29 The upregula-
tion of Bax/Bcl-2 ratio was observed by western blotting 
analysis, showing excessive cell apoptosis during II/R injury. 
CA pretreatment (25 and 50 mg/kg) significantly alleviated 

the dysregulated expression of Bax/Bcl-2 ratio in II/R injury 
(Figure 2(d)). Furthermore, TUNEL-positive cells were rarely 
observed in the sham rats and CA-pretreated sham rats. The 
number of TUNEL-positive cells was increased in the intes-
tinal villus during II/R injury, and significantly decreased by 
CA pretreatment in a dose-dependent manner (Figure 2(e)). 
The above results have demonstrated the protective effects 
of CA on II/R induced epithelial apoptosis.

CA restored impaired autophagy activity and 
activated AMPK/Sirt1 signaling pathway  
in II/R injured rates

II/R injury induced significant downregulation of protein 
expression levels of Beclin-1 (a key regulator in autophago-
some formation) and lapidated LC3 (LC3II) (a hallmark of 
autophagy activation) and decreased the degradation of clas-
sic autophagy substrate SQSTM1/p62 (Figure 3), indicating 
the impaired autophagy during II/R injury. CA pretreat-
ment significantly restored the impaired autophagy activity 
in II/R rats (Figure 3).

AMPK/Sirt1 pathway is involved in regulating autophagy 
in diverse injuries.20 AMPK is activated by phosphorylating 
the Thr172 residue on its α-subunit by upstream kinases.19 
Western blotting analyses showed that the expression ratio of 
p-AMPK/AMPK was significantly decreased by II/R injury 
and dramatically rebounded by CA pretreatment (Figure 3(b)). 
The protein expression level of Sirt1 showed a similar trend 
to the p-AMPK/AMPK ratio (Figure 3(b)).

CA ameliorated H/R induced cell damage through 
AMPK/Sirt1/autophagy pathway

To investigate the role of the AMPK/Sirt1/autophagy path-
way in the protective effects of CA on II/R-induced injury, 
Caco-2 cells were employed and challenged with H/R to 
mimic the circumstance in vitro. The effects of CA on cell 
viability in normal conditions were first investigated using 
Caco-2 cells pretreated with CA at the concentration ranges 
of 2.5, 5, 10, 20, 50, 100, 200, and 300 μg/mL for 24 h to screen 
out appropriate concentrations of CA. The CCK-8 assay 
showed that CA did not exert significant effects on the cell 
viability of Caco-2 under normal conditions with CA con-
centrations less than 20 μg/mL (Figure 4(a)). CA pretreat-
ment at concentration ranges of 2.5, 5, 10, and 20 μg/mL on 
H/R-injured Caco-2 cells for 12 h significantly restored the 
cell viability decrease induced by H/R injury (Figure 4(b)). 
Those results have documented the low cytotoxicity and 
effective anti-H/R injury ability of CA.

Western blotting analyses showed the downregulation 
of expression levels for Beclin-1 and lapidated LC3 (LC3II) 
and the inhibition of classic autophagy substrate SQSTM1/
p62 degradation in H/R-injured cells (Figure 5(a)), indicat-
ing impaired autophagy during H/R injury. The down-
regulation of expression ratio of p-AMPK/AMPK and Sirt1 
expression levels were also observed (Figure 5(a)), indicating 
the inactivation of AMPK/Sirt1 pathway. CA pretreatment 
significantly restored the impaired autophagy activity and 
AMPK/Sirt1 pathway in H/R injured cells. But the ame-
lioration of CA was neutralized by compound C (CC, also 
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called dorsomorphin), the inhibitor of AMPK (Figure 5(a)). 
Furthermore, the effects of CA on H/R-induced cell apop-
tosis and oxidative stress were investigated. Similar to the 
results in vivo, H/R-induced significant cell apoptosis and 
oxidative stress while CA pretreatment exhibited protec-
tive effects on H/R-induced cell apoptosis and oxidative 
stress in Caco-2 cells (Figure 5). The protective effects of CA 
were counteracted by compound C (Figure 5). Thus, CA 
might ameliorate II/R-induced intestinal injury through the 
AMPK/Sirt1/autophagy pathway (Figure 6).

Discussion

II/R injury is a frequent clinical condition with high morbidity 
and mortality.3 The development of innovative therapeutic 
strategies to mitigate II/R-induced intestinal damage is of 
great significance. CA is a natural ellagitannin in a variety of 

plants and has exhibited a series of biological and pharma-
cological properties such as antioxidant, antiinflammatory, 
antiapoptosis, and antitumor activities.22,30 In this study, we 
examined the protective effects and possible mechanisms of 
CA on rat II/R injury. CA had shown significant ameliora-
tion of II/R-induced intestinal morphological damage, intes-
tinal barrier dysfunction, oxidative stress, and cell apoptosis. 
To our knowledge, we may provide the first evidence of the 
protective effect of CA in II/R-induced intestinal injury, and 
the AMPK/Sirt1 activation-initiated autophagy may partici-
pate in CA’s therapeutic effect on II/R injury.

Autophagy is a lysosome-mediated degradative pathway 
of cellular mechanisms for degrading misfolded proteins and 
is implicated in general homeostasis and multiple processes 
including cell differentiation and death.28,31 LC3II, SQSTM1/
P62, and Beclin1 are three critical regulators for autophagy 
execution. In this study, decreased expression of Beclin1 and 

Figure 2.  CA suppressed II/R-induced oxidative stress and epithelial apoptosis. (a to c) Effects of CA on MDA, GSH and MPO in intestines (n ⩾ 3). (d) Western 
blotting analysis of protein expression levels of Bcl-2 and Bax in intestine (n ⩾ 3). Values in the sham group are set to 1, and other values are given relative to the 
sham group. (e) TUNEL staining of each group (scale bar = 200 μm).
All values are expressed as the mean ± SEM.
##P < 0.01 versus sham group, *P < 0.05 and **P < 0.01 versus II/R group.
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LC3II and increase of SQSTM1/P62 were observed in II/R 
injury while CA restored this self-protective mechanism both 
in vivo and in vitro, suggesting the potential role of CA to 
prevent II/R-mediated autophagy impairment.

Autophagy plays a crucial role in II/R injury and is linked 
to oxidative stress and cell death, the two critical features 

in the pathogenesis of II/R injury. Usually, autophagy is 
activated as a feedback mechanism in the presence of oxi-
dative stress and participates in ROS scavenging through 
degradation of dysfunctional mitochondria.32 Autophagy 
also regulates apoptosis by degrading antiapoptotic factors 
or damaged molecules and organelles in mammalian cells.33 

Figure 3.  Effects of CA on autophagy and AMPK/Sirt1 signaling pathway. (a) Immunohistochemical staining of intestinal SQSTM1/P62 (scale bar = 100 μm). (b) 
Western blotting analysis of Beclin1, LC3II, AMPK, and phosphorylated AMPK in intestines (n ⩾ 3). Values in the sham group are set to 1, and other values are given 
relative to the Sham group. 
All values are expressed as the mean ± SEM.
#P < 0.05 and ##P < 0.01 versus sham group, *P < 0.05 and **P < 0.01 versus II/R group.

Figure 4.  Protective effects of CA on H/R-induced Caco-2 cells injury. (a) Cytotoxicity of CA on Caco-2 cells. (b) Effects of CA on the Caco-2 cell viability under H/R 
condition.
All values are expressed as the mean ± SEM (n ⩾ 3).
##P < 0.01 versus control group, *P < 0.05 and **P < 0. 01 versus H/R group.
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Figure 5.  CA ameliorated H/R-induced intestinal injury through AMPK/Sirt1/autophagy pathway. (a) Protein expressions of p-AMPK, AMPK, Sirt1, SQSTM1/p62, 
Beclin1, LC3II, Bcl-2, and Bax by western blotting analysis. Values in the control group are set to 1, and other values are given relative to the control group. (b) 
Apoptosis determination of Caco-2 cells using Hoechest 33342 fluorochrome. (c and d) The level of intracellular reactive oxygen species (ROS) determined by flow 
cytometry. (e) The level of GSH.
All values are expressed as the mean ± ECM (n ⩾ 3).
#P < 0.05 and ##P < 0.01 versus control group, *P < 0.05 and **P < 0.01 versus H/R group; &P < 0.05 and &&P < 0.01 versus CA (10 μg/mL) + H/R group.
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Impaired autophagy is closely related to intestinal mucosal 
barrier damage with antimicrobial peptide secretion impair-
ment and intestinal inflammation,34 while autophagy activa-
tion served protective effects against II/R induced injury by 
inhibiting inflammation, oxidative stress, and apoptosis.8 
Our data showed that CA significantly reduced intracellular 
ROS levels, lipid peroxidation (MDA), and neutrophil infil-
tration (MPO) and increased the antioxidant capacity (GSH). 
CA pretreatment also significantly reversed apoptosis both 
in vivo and in vitro by inhibiting the activated apoptosis-
related proteins (Bax/Bcl-2 ratio) and decreasing apoptotic 
positive cells. These results suggest the abirritation effect of 
CA on oxidative stress and cell apoptosis induced by II/R, 
which might closely relate to the activation of autophagy.

Autophagy can be regulated by several pathways, the 
most important of which is the AMPK/Sirt1 signaling path-
way.35 Sirt1 is a member of a highly conserved family of 
NAD-dependent deacetylases that regulate cellular energy 
and lifespan in mammals.18 Sirt1 is generally activated to 
play its role in maintaining the energy balance when the 
body is under hypoxia or stress and its activity can be posi-
tively regulated by AMPK.36,37 Srit1 is reported as an impor-
tant regulator of autophagy by interacting with several 

essential components of the autophagy machinery and ele-
vating autophagy, which can promote Beclin1 phosphoryla-
tion at Ser14, which is a key step for autophagy initiation.38 
AMPK/Sirt1-mediated autophagy is implicated in various 
diseases. Activation of AMPK/Sirt1 pathway is reported 
to restore impaired autophagy and inhibited inflammation 
reaction and apoptosis in acute pancreatitis, acute kidney 
injury, diabetic retinopathy and age-related mitochondrial 
dysfunction.39–42 However, the role of AMPK/Sirt1-mediated 
autophagy is not clearly investigated in II/R. In this study, 
we found that a decrease in p-AMPK/AMPK and Sirt1 pro-
tein expression in II/R rats and CA pretreatment promoted 
AMPK phosphorylation and Sirt1 expression. This is paral-
lel with autophagy levels but contradictory with oxidative 
stress and apoptotic levels. In addition, inhibition of AMPK 
activation by CC impaired the CA-induced upregulation of 
protein expression levels for p-AMPK, Sirt1, Baclin1, LC3II, 
and Bcl-2, the degradation of SQSTM1/p62 and Bax and 
the decrease of apoptotic cell number and intracellular ROS 
accumulation. These results confirmed that CA could signifi-
cantly ameliorate II/R-induced intestinal damage, oxidative 
stress, and epithelial apoptosis through the AMPK/Sirt1/
autophagy signaling pathway.

Figure 6.  Schematic representation of the potential protective mechanism of CA in II/R-induced injury through the AMPK/Sirt-1/autophagy pathway. 
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Conclusions

In conclusion, we showed here that CA mitigated II/R injury 
via inhibiting oxidative stress and apoptosis through pro-
moting AMPK/Sirt1-mediated autophagy activity. CA might 
be a potential candidate for the treatment of II/R associated 
diseases, and this study provided experimental evidence for 
future clinical applications of CA.
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