
W J G World Journal of
Gastroenterology

Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol  2019 December 7; 25(45): 6653-6667

DOI: 10.3748/wjg.v25.i45.6653 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Basic Study

Irisin attenuates intestinal injury, oxidative and endoplasmic
reticulum stress in mice with L-arginine-induced acute pancreatitis

Yi-Fan Ren, Meng-Zhou Wang, Jian-Bin Bi, Jia Zhang, Lin Zhang, Wu-Ming Liu, Sha-Sha Wei, Yi Lv,
Zheng Wu, Rong-Qian Wu

ORCID number: Yi-Fan Ren
(0000-0003-0907-2900); Meng-Zhou
Wang (0000-0003-3357-656X); Jian-
Bin Bi (0000-0002-9281-1999); Jia
Zhang (0000-0001-7306-3350); Lin
Zhang (0000-0003-3927-2997); Wu-
Ming Liu (0000-0001-5550-0916);
Sha-Sha Wei (0000-0001-8490-6026);
Yi Lv (0000-0002-7104-2414); Zheng
Wu (0000-0002-7102-9543); Rong-
Qian Wu (0000-0003-0993-4531).

Author contributions: All authors
contributed to the study; Ren YF
contributed to acquisition of data,
analysis and interpretation of data,
drafting of the manuscript and
statistical analysis; Wang MZ,
Zhang J, Bi JB, Zhang L, Liu WM
and Wei SS contributed to
acquisition of data; Lv Y and Wu Z
contributed to critical revision of
the manuscript; Wu RQ
contributed to study concept and
design, drafting of the manuscript
and critical revision of the
manuscript.

Supported by the National Natural
Science Foundation of China, No.
81770491.

Institutional review board
statement: This study was
reviewed and approved by the
Ethics Committee of the Xi’an
Jiaotong University.

Institutional animal care and use
committee statement: This study
was reviewed and approved by the
Ethics Committee of the Xi’an
Jiaotong University.

Conflict-of-interest statement: All
authors declare no conflicts of

Yi-Fan Ren, Meng-Zhou Wang, Jian-Bin Bi, Jia Zhang, Lin Zhang, Wu-Ming Liu, Sha-Sha Wei, Yi
Lv, Rong-Qian Wu, National Local Joint Engineering Research Center for Precision Surgery &
Regenerative Medicine, Shaanxi Provincial Center for Regenerative Medicine and Surgical
Engineering, First Affiliated Hospital of Xi’an Jiaotong University, Xi’an 710061, Shaanxi
Province, China

Yi-Fan Ren, Meng-Zhou Wang, Jian-Bin Bi, Jia Zhang, Lin Zhang, Wu-Ming Liu, Yi Lv, Zheng Wu,
Department of Hepatobiliary Surgery, First Affiliated Hospital of Xi’an Jiaotong University,
Xi’an 710061, Shaanxi Province, China

Corresponding author: Rong-Qian Wu, MD, PhD, Professor, National-Local Joint Engineering
Research Center for Precision Surgery & Regenerative Medicine, First Affiliated Hospital of
Xi’an Jiaotong University, 76 West Yanta Road, Xi’an 710061, Shaanxi Province, China.
rwu001@mail.xjtu.edu.cn
Telephone: +86-29-82657541
Fax: +86-29-85252580

Abstract
BACKGROUND
Acute pancreatitis (AP) is often associated with intestinal injury, which in turn
exaggerates the progression of AP. Our recent study has shown that a low level
of serum irisin, a novel exercise-induced hormone, is associated with poor
outcomes in patients with AP and irisin administration protects against
experimental AP. However, the role of irisin in intestinal injury in AP has not
been evaluated.

AIM
To investigate the effect of irisin administration on intestinal injury in
experimental AP.

METHODS
AP was induced in male adult mice by two hourly intraperitoneal injections of L-
arginine. At 2 h after the last injection of L-arginine, irisin (50 or 250 μg/kg body
weight) or 1 mL normal saline (vehicle) was administered through
intraperitoneal injection. The animals were sacrificed at 72 h after the induction of
AP. Intestinal injury, apoptosis, oxidative and endoplasmic reticulum (ER) stress
were evaluated.

RESULTS
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Administration of irisin significantly mitigated intestinal damage, reduced
apoptosis, and attenuated oxidative and ER stress in AP mice. In addition, irisin
treatment also effectively downregulated serum tumor necrosis factor-alpha and
interleukin-6 levels and alleviated injury in the pancreas, liver and lung of AP
mice.

CONCLUSION
Irisin-mediated multiple physiological events attenuate intestinal injury
following an episode of AP. Irisin has a great potential to be further developed as
an effective treatment for patients with AP.

Key words: Irisin; Intestinal injury; Oxidative stress; Endoplasmic reticulum stress; Acute
pancreatitis; Mouse model
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Core tip: In this study, we reported for the first time that intraperitoneal injection of irisin
could relieve intestinal injury in mice with acute pancreatitis (AP). AP was induced in
male adult mice by two hourly intraperitoneal injections of L-arginine. At 2 h after the
last injection of L-arginine, irisin (50 or 250 μg/kg body weight) or 1 mL normal saline
(vehicle) was administered through intraperitoneal injection. Irisin alleviated intestinal
and systemic inflammatory reactions by inhibiting intestinal endoplasmic reticulum
stress and oxidative stress in mice with AP, reduced the degree of intestinal tissue
apoptosis and injury and finally alleviated the condition of pancreatitis.

Citation: Ren YF, Wang MZ, Bi JB, Zhang J, Zhang L, Liu WM, Wei SS, Lv Y, Wu Z, Wu
RQ. Irisin attenuates intestinal injury, oxidative and endoplasmic reticulum stress in mice
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URL: https://www.wjgnet.com/1007-9327/full/v25/i45/6653.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i45.6653

INTRODUCTION
Severe acute pancreatitis (SAP) often leads to the failure of multiple organs, including
the lung, liver, kidney and intestines[1]. Intestinal injury results in massive cell death in
the intestinal epithelium and basement membrane, which leads to the absorption of a
large  number  of  intestinal  bacteria  into  the  blood,  aggravating  the  systemic
inflammatory response and eventually  causing systemic  inflammatory response
syndrome[2,3]. The resulting systemic inflammation adds to the burden on the organs
and worsens the severity of acute pancreatitis (AP), delivering a second blow to the
patient[4].  If  left  untreated,  it  can  lead  to  multiple  organ  failure  syndrome  and
ultimately death[5]. Therefore, in SAP, in addition to routine treatment of pancreatitis,
the protection of intestinal function can also greatly improve the outcome of the
disease  and  save  the  patient’s  life.  Currently,  the  treatment  of  SAP-associated
intestinal injury is limited.

Oxidative stress refers to the imbalance of oxidants and antioxidants in the body,
which leads to the infiltration of inflammatory cells, promoting the production and
accumulation of reactive oxygen species (ROS) in cells and finally leading to the
oxidative  stress  response[6].  When  SAP  occurs,  inflammatory  cells  infiltrate  the
intestines  and  induce  oxidative  stress[7].  Oxidative  stress  further  increases  the
infiltration of inflammatory cells in the intestine, aggravates the injury of intestinal
cells,  destroys  the  barrier  function  of  the  intestines  and  promotes  the  entry  of
intestinal bacteria into the blood[8-10].

Endoplasmic reticulum (ER) stress is another factor of intestinal injury in AP. ER
stress  can  activate  a  large  number  of  apoptosis-related  proteins  and  induce
apoptosis[11]. ER stress is often accompanied by oxidative stress (mutually reinforcing),
which  in  coordination  with  oxidative  stress  promotes  the  infiltration  and
displacement of inflammatory cells, accelerates the apoptosis of intestinal cells and
aggravates the intestinal injury in AP. Therefore, reducing oxidative stress and ER
stress in the intestine has become an important approach to alleviate AP.

Irisin can act on white fat cells and induce their transformation into brown fat
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cells[12]. After exercise, muscles secrete a protein called PGC-1 alpha, which regulates a
downstream factor to produce irisin through cleavage and modification[13]. Currently,
scholars have reported that irisin reduces the severity of various diseases, including
acute lung injury and heart ischemia-reperfusion injury by the anti-inflammatory
response, antioxidative stress and anti-ER stress[14-16]. When the intestine is injured,
oxidative stress and ER stress often occur in the intestine, aggravating the disorder of
the cellular microenvironment.  The inhibition of  intestinal  injury during AP can
protect the intestinal cells from being damaged and reduce the entry of intestinal
bacteria into the blood caused by the damaged intestinal epithelium. Therefore, our
recent experiments mainly explored the effects of the intraperitoneal injection of
exogenous irisin on intestinal oxidative stress and ER stress in AP mice and tested its
protective function on damaged intestinal cells. Further studies were conducted to
verify whether irisin can reduce the systemic inflammatory response in AP mice and
protect a variety of extrapancreatic organs.

MATERIALS AND METHODS

Experimental animals and grouping
Male wild-type C57BL/6J mice (aged 8-10 wk, weighing 20-22 g) were purchased
from the Animal Experiment Center of  Xi’an Jiaotong University Health Science
Center.  Prior  to  the  experiments,  all  animals  were  housed  for  one  week  under
standard conditions to acclimate to the surroundings. A total of 24 mice (n = 6/group)
were used in this study. The mice were divided (six mice per group) as follows: (1)
Control group (sham); (2) Vehicle group; (3) 50 μg/kg irisin group; and (4) 250 μg/kg
irisin  group.  All  experimental  procedures  were  consistent  with  international
guidelines for the care and use of laboratory animals and were approved by the
Animal Ethics Committee of the First Affiliated Hospital of Xi’an Jiaotong University.

Pancreatitis models
Prior to the experiments, all animals were housed in Perspex cages, five mice per cage,
at the animal facility of Xi’an Jiaotong University Health Science Center for one week
under  standard  conditions  (25  ±  2  °C,  12  h/12  h  light/dark,  50%  humidity)  to
acclimate to the surroundings. The mice were fed on a standard Purina mouse chow
diet and allowed water (tap) ad libitum. Arginine-AP was induced by two hourly
intraperitoneal  injections  of  L-arginine[17,18]  (0.2  mL,  4.0  g/kg L-arginine,  A5006,
Sigma-Aldrich, China). At 2 h after the last injection of L-arginine, normal saline
(vehicle)  or  50  μg/kg  irisin  or  250  μg/kg  irisin  (0.1  mL,  067-29A,  Phoenix
Pharmaceuticals,  Inc.,  United  States)  was  administered  through intraperitoneal
injection, as previously described[11,19]. The mice in the sham group were treated in the
same way as the mice in the three experimental groups but injected with 0.9% NaCl
instead of L-arginine and irisin (Figure 1).

Tissue and serum sample collection
The  animals  were  anesthetized  with  isoflurane  inhalation  at  72  h  after  the  first
injection of L-arginine. After the collected pancreatic tissues were washed with PBS
solution, they were placed into 4% formaldehyde for 48 h to prepare the embedded
sections.  Lung,  liver  and  kidney  tissues  were  obtained  in  the  same  way  as  the
pancreas tissue. The small intestinal tissues were 6 cm in length and were collected 10
cm away from the ileum. The collected tissues were cut into two pieces. The 3 cm-long
parts  were  inserted  into  Eppendorf  tubes  and  stored  at  -80  °C  for  subsequent
experiments. Another part was placed into 4% formaldehyde for 48 h to prepare the
embedded sections. Blood from the arterial femoralis was obtained at 72 h after the
first  injection of  L-arginine and placed at  room temperature for  one hour.  After
solidification, the supernatant was centrifuged for 15 min at 3000 rpm, and then the
supernatant was collected and stored at -80 °C for subsequent experiments.

Histologic evaluation of pancreatic, intestinal, renal and hepatic injury
Hematoxylin  and  eosin  (HE)  staining  was  used  to  assess  pancreatic,  intestinal,
pulmonary,  renal  and hepatic  histology.  As described previously,  Zhang et  al[20]

recorded  the  histopathological  scoring  criteria  of  intestinal  injury  in  detail.
Histological score details are: No inflammation (0 point), mild (1 point) and severe (2
points). The infiltration depth was classified as follows: None (0 point), submucosal
layer (1 point), muscular layer (2 points) and serous layer (3 points). Clearance loss
was classified as follows: No (0 point),  1/3 crypt loss (1 point),  2/3 crypt loss (2
points), whole crypt loss/surface epithelial integrity (3 points) and loss of whole crypt
and surface epithelial integrity (4 points). The percentage of organ involvement after
injury was graded in the following order: 1% to 25% (1 point), 26% to 50% (2 points),
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Figure 1

Figure 1  Mouse acute pancreatitis model schedule. Arginine-acute pancreatitis was induced by two hourly intraperitoneal injections of 4.0 g/kg L-arginine. At 2 h
after the last injection of L-arginine, normal saline (vehicle) or 50 μg/kg or 250 μg/kg irisin were administered through intraperitoneal injection. The animals were
sacrificed 69 h after irisin treatment (i.e. 72 h after the first injection of L-arginine). Blood and tissue samples were collected. Model schedule for each group of mice. n
= 6. AP: Acute pancreatitis; i.p.: Intraperitoneal injection.

51% to 75% (3 points) and 76% to 100% (4 points). The pathological intestinal HE
staining were scored according to their scoring rules[20]. All six sections from each
group were evaluated, two fields were randomly photographed for each section, and
pathological staining was quantified according to specific scoring criteria.

Detection of superoxide dismutase, glutathione and malondialdehyde levels
Intestinal tissue homogenate was obtained. A superoxide dismutase assay (SOD) kit
(A001-3; Nanjing Jiancheng Bioengineering Institute, China), glutathione (GSH) assay
kit  (A006-2-1,  Nanjing  Jiancheng  Bioengineering  Institute,  China)  and
malondialdehyde  (MDA)  assay  kit  (A003-1;  Nanjing  Jiancheng  Bioengineering
Institute,  China) were used to measure the levels  of  SOD, GSH and MDA in the
intestinal tissue according to the manufacturer’s instructions.

TUNEL and DHE staining for the intestine
We used a TUNEL assay (11684795910, Roche, Switzerland) to identify apoptosis as
reported previously[19]. After sectioning and fluorescence staining, the sections were
observed by a fluorescence microscope with an excitation wavelength of 480 nm and
an emission wavelength of 530 nm. Dihydroethidium (DHE) staining was used to
identify ROS, and fresh frozen sections of the intestinal tissue were used. The sections
were incubated with DHE dye (Sigma-Aldrich, United States), and the sections were
observed by a fluorescence microscope. Three sections were randomly selected for
each group, and two fields were randomly photographed for each section.  Fluo-
rescence staining was performed for quantitative determination using Image-Pro Plus
6.0 software.

Western blot analysis
The detailed Western blot steps were as previously described[19]. The membranes were
incubated with primary antibodies (dilution: 1:1000-2000) (Supplemental Table 1) at 4
°C overnight, and then secondary IgG-HRP antibodies (dilution: 1:5000) (goat anti-
mouse IgG or goat anti-rabbit IgG, Pioneer Biotechnology, China) were used. Bands
were developed using a digital gel image analysis system (Bio-Rad, United States),
and the expression levels  of  proteins  were calculated by ImageJ  software as  the
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intensity relative to that of β-actin.

Statistical analysis
All measurement data are expressed as the means ± standard error of  the mean.
Because we were not assessing multiple dependent variables simultaneously in the
current study, the differences between groups were compared by one-way ANOVA
and  Student-Newman-Keuls  test.  One-way  ANOVA  was  used  to  analyze  the
differences between groups. All analyses were conducted with data statistics software
GraphPad Prism version  8.0  (GraphPad Software,  Inc.,  United  States).  P  <  0.05
represented a significant difference.

RESULTS

Irisin administration attenuates intestinal injury in experimental AP
Damage to  the  epithelial  cells  and basal  cells  of  the  small  intestine  leads  to  the
absorption of a large amount of harmful substances into the blood and aggravates
AP[2,21,22]. Therefore, we examined the intestinal lesions in AP mice in each group. As
shown in Figure 2A and 2B, the number of intestinal villi decreased, and edema and
dislodging were observed in the villi of the small intestine. The basal intestinal barrier
was damaged, and numerous inflammatory cells infiltrated the intestine in vehicle-
treated AP mice. The intestinal histological score of the vehicle-treated group was 7.3-
times higher than that of the control group (P < 0.05). However, the administration of
250 μg/kg irisin improved the intestinal architecture, significantly reducing intestinal
edema and decreasing the injury score (P  < 0.05).  However, 50 μg/kg irisin only
slightly reduced the intestinal injury (P > 0.05, Figure 2A and B). These results suggest
that  irisin  can  reduce  intestinal  tissue  damage  in  AP mice  in  a  dose-dependent
manner.

Irisin administration alleviates intestinal apoptosis in experimental AP
AP can lead to the apoptosis of intestinal cells in mice, which causes intestinal damage
and affects the intestinal barrier function[23,24]. Therefore, we examined the apoptosis of
intestinal cells to investigate the protective effect of irisin on intestinal tissue in AP
mice. As shown in Figure 3A and 3B, TUNEL staining showed a significant increase in
apoptosis in the basal and villous cells of the intestine in AP mice (P < 0.05). However,
the administration of irisin effectively reduced intestinal apoptosis in AP mice in a
dose-dependent manner (P < 0.05, Figure 3A and B).

BAX, a proapoptotic gene in the Bcl-2  gene family, antagonizes Bcl-2-mediated
apoptosis inhibition and promotes apoptosis[25]. Consistent with the TUNEL staining,
the expression of  BAX was increased in the intestine of  AP mice (P  <  0.05).  The
increased expression of BAX promotes the conversion of inactive caspase-3 to active
cleaved caspase-3, which is the main terminal cleavage enzyme in the process of
apoptosis.  Irisin treatment decreased the expression of BAX and level of cleaved
caspase-3 in a dose-dependent manner (P < 0.05, Figure 3C-E), suggesting that irisin
alleviates apoptosis.

Irisin reduces intestinal oxidative stress in experimental AP
AP can lead to oxidative stress in the intestine, and the inflammatory response caused
by oxidative stress can aggravate the damage of the intestine[26]. DHE fluorescence
staining for ROS detection revealed that the fluorescence intensity of DHE in the
intestinal tissues of AP mice was increased compared with that of the control mice (P
< 0.05, Figure 4A and B). Administration of 250 μg/kg irisin effectively reduced the
DHE fluorescence intensity in the intestinal tissues of AP mice, while the 50 μg/kg
irisin treatment only slightly reduced the DHE fluorescence intensity in intestinal
tissues of AP mice (P < 0.05, Figure 4A and B).

Consistently,  the level of intestinal MDA, an indicator of oxidative stress,  was
increased in vehicle-treated AP mice (P < 0.05), and irisin treatment reduced intestinal
MDA levels in AP mice in a dose-dependent manner (P < 0.05, Figure 4D). In contrast,
the decreased levels of SOD and GSH (Figures 4C and E) in the intestines of AP mice
were increased in a dose-dependent manner after irisin administration (P  < 0.05,
Figure 4C and E).

Irisin alleviates ER stress in experimental AP
ER stress often accompanies oxidative stress and aggravates the damage of intestinal
cells[27]. To investigate whether irisin could alleviate ER stress associated with AP in
intestinal  cells,  we examined the  expression of  ER stress-related proteins  in  the
intestine.

Western blot analysis showed that the level of intestinal GRP78, the most important
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Figure 2

Figure 2  Irisin administration attenuates intestinal injury in experimental acute pancreatitis. A: Representative photos of hematoxylin and eosin staining; B:
Intestinal injury scores. n = 6, mean ± standard error of mean; aP < 0.05 vs sham group; cP < 0.05 vs vehicle group. AP: Acute pancreatitis.

initial factor in ER stress, increased in vehicle-treated AP mice, and irisin treatment
reduced intestinal GRP78 expression in AP mice in a dose-dependent manner (P <
0.05, Figure 5). Consistently, the western blot analysis also showed that the levels of
protein disulfide isomerase (PDI), Endoplasmic reticulum oxidoreductase 1-Lα (Ero1-
Lα),  calnexin,  and  Perilipin-2  (PLIN2),  other  ER  stress-related  proteins,  were
upregulated in vehicle-treated AP mice (P < 0.05, Figure 5). The administration of
irisin dose-dependently decreased the protein expression of PDI, Ero1-Lα, calnexin
and PLIN2 (P < 0.05, Figure 5).

Furthermore,  when  ER  stress  occurred  in  the  intestinal  cells  of  AP  mice,  the
expression of the ER apoptosis-related protein C/EBP homologous protein (CHOP)
was significantly increased compared with that in the control group (P < 0.05). The
administration of irisin dose-dependently decreased the protein expression of CHOP
(P < 0.05, Figure 5). Combined with the finding of reduced levels of apoptosis (Figure
3), this finding suggests that irisin alleviates ER stress.

Protective effects of irisin on multiple organ damage in AP
When SAP occurs, the release of a large amount of inflammatory mediators into the
blood leads to SIRS, which is one of the causes of multiple organ function damage[5,28].
We therefore examined serum levels of inflammatory mediators such as interleukin-6
(IL-6) and tumor necrosis factor-alpha (TNF-α). As shown in Figure 6A and B, serum
levels of IL-6 and TNF-α increased significantly in the AP group compared with the
control group (P < 0.05). However, 250 µg/kg irisin treatment significantly reduced
the serum levels  of  IL-6 and TNF-α,  and 50 µg/kg irisin treatment only slightly
reduced the serum levels of IL-6 and TNF-α (P < 0.05, Figure 6A and B). This finding
suggests that irisin can relieve the systemic inflammatory response to AP.

To investigate the protective effect of irisin on multiple organ injury after relieving
the systemic inflammatory response in AP, we further evaluated the pancreas, kidney,
lung and liver injury in AP mice. As shown in Figure 6C, pancreas, kidney, lung and
liver cells in AP mice were hyperemic, edematous, and necrotic with inflammatory
cell infiltration. The pathological score showed that the pancreas, kidney, lung and
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Figure 3

Figure 3  Irisin administration alleviates intestinal apoptosis in experimental acute pancreatitis. A: Representative photos of TUNEL staining (green) and
corresponding nuclear counterstaining (blue) in the intestines; B: Quantitative analysis of TUNEL-positive cells; C-E: Western blot analysis of the expression of BAX,
caspase-3 and cleaved caspase-3 in the intestines. n = 6, mean ± standard error of mean; aP < 0.05 vs sham group; cP < 0.05 vs vehicle group. AP: Acute
pancreatitis; TUNEL: TdT-mediated dUTP nick-end labeling.

liver injury indexes of AP mice were 4.4-times, 3.8-times, 3.6-times, and 4.2-times
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Figure 4

Figure 4  Irisin reduces intestinal oxidative stress in experimental acute pancreatitis. A: Representative images of dihydroethidium (DHE) fluorescence staining
in the intestines; B: Relative fluorescence intensity of DHE fluorescence staining in the intestines; C: Superoxide dismutase levels in the intestinal tissue; D:
Malondialdehyde levels in the intestinal tissue; E: Glutathione levels in the intestinal tissue. n = 6, mean ± standard error of mean; aP < 0.05 vs sham group; cP < 0.05
vs vehicle group. AP: Acute pancreatitis; DHE: Dihydroethidium; MDA: Malondialdehyde; GSH: Glutathione; SOD: Superoxide dismutase.

higher, respectively, compared with the control group (P < 0.05). When AP mice were
given 50 μg/kg irisin and 250 μg/kg irisin, there was no significant improvement in
renal injury. However, the pancreas, lung and liver injury decreased as the irisin
concentration increased. This result suggests that irisin has no significant protective
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Figure 5
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Figure 5  Irisin alleviates endoplasmic reticulum stress in experimental acute pancreatitis. Western blot analysis of the expression of glucose-regulated protein
78, protein disulfide isomerase, endoplasmic reticulum oxidoreductase 1-Lα, calnexin, C/EBP homologous protein and perilipin-2 in the intestines. n = 6, mean ±
standard error of mean; aP < 0.05 vs sham group; cP < 0.05 vs vehicle group. AP: Acute pancreatitis; GRP78: Glucose-regulated protein 78; PDI: Protein disulfide
isomerase; Ero1-Lα: Endoplasmic reticulum oxidoreductase 1-Lα; CHOP: C/EBP homologous protein; PLIN2: Perilipin-2.

effect on the kidney injury in AP mice, while the protective effects on the pancreas,
lung and liver injury in AP mice are dose-dependent (P < 0.05, Figure 6C).

DISCUSSION
In this study, we found that intraperitoneal injection of exogenous irisin effectively
reduced intestinal injury caused by AP in mice. Irisin alleviated intestinal injury in AP
mice by reducing oxidative  stress  and ER stress  in  intestinal  cells.  These  effects
reduced intestinal apoptosis in AP mice, and the protective effect of irisin on the
intestines of AP mice was dose-dependent.

Irisin, a hormone secreted mainly by skeletal muscle, has been shown to protect
against injury in multiple organs, including the liver, lungs, kidneys and heart[16,19,29-31].
In  previous  studies,  we  found  that  serum  irisin  levels  in  patients  with  AP  are
significantly lower than those in healthy people, and the degree of irisin decline is
positively correlated with the severity of AP. Then, we constructed a variety of mouse
AP models and confirmed that irisin could protect against the damage to pancreatic
mitochondria in AP mice[19]. In this study, we found that intraperitoneal injection of
irisin effectively reduced the levels of multiple inflammatory mediators such as IL-6
and TNF-α that are elevated in serum during AP and that irisin protected against
multiple  organ  damage  during  AP  in  a  dose-dependent  manner.  These  results
suggested  that  irisin  reduced  systemic  inflammation  during  AP  and  protected
damaged organs in a variety of ways.

Oxidative stress is a negative effect produced by free radicals and is considered to
be an important factor leading to aging and disease[32]. Intestinal injury caused by
various physical and chemical factors can lead to oxidative stress of mucosal cells and
basal cells[33]. Pérez S et al[34] reported that oxidative stress in the intestine was mainly
achieved by  activating  NOX1-ROS.  Oxidative  stress  in  the  intestine  can  lead to
inflammatory  cell  infiltration  and  intestinal  villus  necrosis  and  then  cause  the
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Figure 6

Figure 6  Protective effects of irisin on multiple organ damage in acute pancreatitis. A: Serum IL-6 levels; B: Serum TNF-α levels; C: Representative photos of
hematoxylin and eosin staining; D: Renal, hepatic, pancreatic and pulmonary injury scores. n = 6, mean ± standard error of mean; aP < 0.05 vs sham group; cP < 0.05
vs vehicle group. AP: Acute pancreatitis; IL-6: Interleukin-6; TNFα: Tumor necrosis factor-alpha.

migration of bacteria into the blood, aggravating the systemic inflammation of AP[35].
Therefore, reducing oxidative stress can effectively alleviate the damage and necrosis
of intestinal cells in AP, reducing the entry of intestinal bacteria into the blood and
relieving the systemic inflammatory response in AP. In this study, we confirmed that
injection of exogenous irisin can significantly alleviate the level of oxidative stress in
the intestine of AP mice and reduce the injury and apoptosis rate of intestinal cells by
detecting ROS-positive cells and measuring the levels of oxidative stress markers
MDA, SOD and GSH. This finding suggested that antioxidant therapy is an important
component in the treatment of AP-associated intestinal injury.

ER stress is characterized by the accumulation of misfolded and unfolded proteins
in the ER lumen and disturbance of calcium ion balance[36]. ER stress can activate the
unfolded protein response, ER overload response and activation of the caspase-12-
mediated apoptosis signaling pathway. ER stress can not only induce the expression
of GRP78, GRP94 and other ER chaperones but also induce apoptosis[37-39]. ER stress
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directly affects the outcome of cell stress, such as adaptation, injury or apoptosis. ER
stress and oxidative stress often occur successively or concomitantly, and the two
reactions cooperate to promote the damage of tissues and organs[40]. After ER stress, a
large number of unfolded or misfolded proteins accumulate in the ER, leading to
persistent aggravation of organelle damage. In AP, increased ER stress can activate
the ER stress-related apoptotic proteins,  CHOP, etc  and induce the expression of
apoptosis-related  proteins  BAX  and  caspase-3,  eventually  leading  to  increased
apoptosis,  aggravated intestinal mucosal epithelial  injury and the progression of
AP[41,42]. In our recent study, we showed that the expression level of ER stress proteins
in the intestine of AP mice was significantly upregulated, suggesting that ER stress
occurs in intestinal cells of AP mice. Apoptotic cells were labeled with fluorescent
TUNEL, and the expression levels of apoptosis-related proteins BAX and caspase-3
were detected by Western blot analysis, showing that apoptosis of intestinal cells in
AP mice was significantly increased. When AP mice were given exogenous irisin
injections, the ER stress and apoptosis of intestinal cells were significantly alleviated,
suggesting that irisin plays an important role in inhibiting intestinal ER stress of AP
and that irisin could alleviate intestinal apoptosis induced by ER stress.

Physical exercise can favorably influence outcomes of patients with inflammatory
bowel  disease[43-46].  Voluntary  exercise  increased  irisin  levels  and  attenuated
experimental colitis in high fat diet-fed mice[47]. However, forced treadmill exercise
has been shown to exaggerate the severity of experimental colitis in mice fed a high
fat  diet[48].  This  discrepancy  may be  related  to  differences  in  irisin  release  after
voluntary and forced excise. Unfortunately, irisin levels were not measured in the
forced  exercise  study.  In  our  current  study,  we  only  assessed  the  effect  of  two
different doses of irisin on intestinal injury in AP. It is possible higher doses of irisin
may offer even better protection in this model. In this regard, the optimal dose of
irisin in AP should be determined in the future.

In summary, irisin alleviates intestinal cell injury in AP mice by inhibiting oxidative
stress and blocking ER stress. The present study represents an important step forward
in the study of irisin in the treatment of AP-associated intestinal injury.

ARTICLE HIGHLIGHTS
Research background
Acute pancreatitis (AP) is often associated with intestinal injury, which in turn exaggerates the
progression of AP. Our recent study has shown that a low level of serum irisin, a novel exercise-
induced  hormone,  is  associated  with  poor  outcomes  in  patients  with  AP,  and  irisin
administration protects against experimental AP. However, the role of irisin in intestinal injury
in AP has not been evaluated.

Research motivation
The main topic of this study was to investigate the effect of irisin administration on intestinal
injury in experimental AP. We found that irisin alleviates intestinal cell injury in AP mice by
inhibiting oxidative stress and blocking ER stress.

Research objectives
To  investigate  the  effect  of  irisin  administration  on  intestinal  injury  in  experimental  AP.
Exogenous irisin can effectively reduce intestinal injury and systemic inflammation in mice with
AP. In the future, irisin-related drugs can be developed for intestinal injury of AP.

Research methods
Arginine-AP was induced by two hourly intraperitoneal injections of 4.0 g/kg L-arginine. At 2 h
after the last injection of L-arginine, normal saline (vehicle) or 50 μg/kg or 250 μg/kg irisin was
administered through intraperitoneal injection. The animals were sacrificed 69 h after irisin
treatment  (i.e.  72  h  after  the  first  injection  of  L-arginine).  Blood  and  tissue  samples  were
collected. Intestinal injury, apoptosis, oxidative stress, endoplasmic reticulum stress levels as
well as systemic inflammation were measured.

Research results
Administration of  irisin significantly mitigated intestinal  damage,  reduced apoptosis,  and
attenuated oxidative and ER stress in AP mice. In addition, irisin treatment also effectively
downregulated serum TNF-α and IL-6 levels and alleviated injury in the pancreas, liver and lung
of AP mice. Until now, the exact molecular mechanism by which irisin alleviates intestinal injury
in AP remains unknown.

Research conclusions
In this study we report for the first time that irisin-mediated multiple physiological events
attenuate intestinal injury following an episode of AP. Irisin has a great potential to be further
developed as an effective treatment for patients with AP. In summary, irisin alleviates intestinal
cell injury in AP mice by inhibiting oxidative stress and blocking ER stress. We believe that
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future studies can further explore the specific mechanism of irisin relieving intestinal injury in
AP.  The  present  study  represents  an  important  step  forward  in  the  study  of  irisin  in  the
treatment of AP-associated intestinal injury.

Research perspectives
In this  study,  we can learn that  the protective effect  of  exercise on multiple organs can be
revealed by modern science. In the future, our research direction should be to further explore the
specific mechanism of irisin’s protective effect on intestinal injury of AP and even multiple
organs. Future research should start from animal experiments and carry out more clinical studies
so that basic science can make contributions to human health as soon as possible.
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