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Background: The present study was designed to examine whether cortistatin (CORT) could protect rats 
from myocardial injury induced by subcutaneously injecting isoproterenol (ISO) and to clarify the possible 
mechanisms. 
Methods: Male Sprague-Dawley (SD) rats were placed at random into four groups: the control group, 
the ISO group, the ISO + CORT 25 μg/(kg·d) group, and the ISO + CORT 50 μg/(kg·d) group. Rat 
models of myocardial injury were established with the subcutaneous (s.c.) injections of 85 mg/kg ISO for 
2 days. In the ISO+ CORT 25 μg/(kg·d) group and ISO+ CORT 50 μg/(kg·d) group, rats were given s.c. 
injections of CORT 25 μg/(kg·d) and CORT 50 μg/(kg·d) on the day before ISO, 3 days, respectively. Serum 
malondialdehyde (MDA) content, lactate dehydrogenase (LDH) activity, and creatine kinase isoenzyme (CK-
MB) activity were measured by corresponding test kits. Western blot was applied to evaluate the expression 
of endoplasmic reticulum stress-related protein glucose regulatory protein 78 (GRP78), enhancer-binding 
protein homologous protein (CHOP), cysteinyl aspartate specific proteinase-12 (caspase-12), LC3-II, 
Beclin-1, and p62 in the rat myocardium.
Results: CORT alleviated the increased enzyme activities of serum LDH and CK-MB, and content of 
MDA (a typical marker of lipid peroxidation) in rats induced by ISO. CORT also prevented pathological 
myocardial injury in rats induced by ISO. Moreover, CORT attenuated the increased protein levels of 
GRP78, CHOP, and caspase-12, and reduced the increase of LC3-II, LC3-II/I, Beclin-1, and p62 in rats 
induced by ISO. 
Conclusions: These data demonstrate that CORT can attenuate ISO-induced acute myocardial injury in 
rats likely by reducing lipid peroxidation, and inhibiting endoplasmic reticulum stress and autophagy. This 
supports CORT as a potentially being a new target for preventing and treating myocardial injury and its 
related disease.
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Introduction 

Although an increase in public awareness and the 
improvement of therapeutic strategies including the use of 
antiplatelet drugs, thrombolytic drugs, and percutaneous 
coronary intervention, acute myocardial infarction 
(AMI) remain as one of the major causes of morbidity 
and mortality in patients with ischemic heart diseases 
(IHD) worldwide. Myocardial injury, including AMI, is 
a common feature of IHD. Although the pathogenesis of 
myocardial injury remains unclear, it is involved in multiple 
mechanisms, such as endoplasmic reticulum stress (ERS), 
oxidative stress, apoptosis, autophagy, and inflammation (1). 
There is a lack of consensus concerning the best therapeutic 
strategies, even though the mechanism of AMI has been 
extensively studied. Therefore, it is important and urgent to 
investigate the pathogenic mechanism of myocardial injury 
and to explore new myocardial protection strategies in the 
field of cardiology. 

An increasing number of studies have indicated 
endogenous bioactive peptides play an important role in 
reducing myocardial injury and exerting cardioprotective 
effect (2). Cortistatin (CORT) is a new endogenous 
bioactive peptide originally found in the cerebral cortex and 
hypothalamus (3). Further studies indicated that CORT was 
widely expressed in the nervous, endocrine, and immune 
systems, and in areas such as the brain cortex, stomach, 
pancreas, monocytes, macrophages, and dendritic cells (3).  
CORT has been shown to exert multiple biological 
effects, including increased sleep, anti-nociception, anti-
inflammation, induction of immune tolerance, and 
regulation of endocrine and metabolism, through activating 
somatostatin receptors (SSTRs) and/or growth hormone 
secretagogue receptor 1a (GHSR1a) (3,4). 

In recent years, increasing importance has been attached 
to the protective role of CORT in the development of 
cardiovascular diseases since CORT and its receptors are 
widely expressed in heart and blood vessels (5). Several 
studies have indicated that CORT can attenuate the 
proliferation and migration of vascular smooth muscle 
cells (VSMC) (6,7), alleviate autoimmune myocarditis in 
mice immuno-induced by a fragment of cardiac myosin (8),  
and inhibit atherosclerosis in ApoE-deficient mice fed 
western-style diets (9). Our experimental results showed 
that CORT could inhibit vascular calcification in rats in vivo 
and in vitro (10,11), and suppress myocardial apoptosis and 
activation of cardiac fibroblasts in rats during sepsis (12,13). 
In the previous study, we also found CORT could improve 

heart function in rat myocardial infarction induced by left 
anterior descending coronary artery ligation (14). However, 
the role and the underlying mechanisms of CORT in the 
development of myocardial injury remain obscure. 

Therefore, the present study was designed to examine 
whether CORT could protect rats from myocardial injury 
induced by subcutaneously injecting isoproterenol and to 
clarify the possible mechanisms. It is hoped that this will 
provide a novel target for the prevention and treatment of 
myocardial injury and its related diseases.

Methods

Animals and materials

Male Sprague-Dawley (SD) rats (200±20 g) were provided 
by The Second Affiliated Hospital of Harbin Medical 
University. All experimental protocols conformed to the 
Animal Management Rule of the People’s Republic of China 
(Ministry of Health, China, document no. 55, 2001), and 
the Animal Care Committee of Harbin Medical University 
Health Science Center.

The rat  CORT-14 was obtained from Phoenix 
Pharmaceuticals Inc. (Belmont, CA, USA). Isoproterenol 
(ISO) was purchased from Sigma (St. Louis, MO, USA). 
Rabbit polyclonal anti-glucose regulatory protein 78 
(GRP78), anti-cysteinyl aspartate specific proteinase-12 
(Caspase-12), and anti-LC3 antibodies were obtained from 
Abcam Inc. (Cambridge, MA, USA). Rabbit monoclonal 
antibody to Beclin-1 was purchased from Cell Signaling 
Technology Inc. (MA, USA). The creatine kinase isoenzyme 
(CK-MB) assay kit, lactate dehydrogenase (LDH) assay kit, 
and malondialdehyde (MDA) assay kit were obtained from 
the Nanjing Jiancheng Bioengineering Company (Nanjing, 
China). Rabbit polyclonal antibodies to CCAAT/enhancer-
binding proteins (C/EBP) homologous protein (CHOP), 
and p62, mouse anti-GAPDH monoclonal antibody was 
obtained from ABclonal Technology (Wuhan, China). 
Peroxidase-conjugated goat anti-rabbit immunoglobulin G 
and rabbit anti-mouse immunoglobulin G were purchased 
from ZSGB-BIO (Beijing, China). 

Induction of myocardial injury in a rat model and animal 
groups

All rats were kept at room temperature (24±1 ℃), with 
humidity at 50–55%, in a 12/12 h light/dark ratio with ad 
libitum access to standard rat feed and water. They were 
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randomly divided into four groups (8 rats in each group): 
(I) control group, and rats received subcutaneous (s.c.) 
injection with equal volume saline daily for 2 days; (II) 
ISO group, a rat experimental model of myocardial injury 
was induced by ISO as described previously (15) with rats 
receiving s.c. injection with ISO 85 mg/(kg·d) for 2 days; 
(III) ISO + CORT 25 μg/(kg·d) group and ISO + CORT  
50 μg/(kg·d) group, rats received s.c. injection with CORT 
25 μg/(kg·d) and CORT 50 μg/(kg·d) for 3 days, respectively, 
which began on the day before ISO treatment. All animals 
fasted for 12 h before they were deeply anesthetized by 10% 
chloral hydrate (3 mL/kg, intraperitoneal administration). 
Then, blood samples were collected and centrifuged at 
3,500 rpm for 15 min for separating serum that was stored 
at −20 ℃ for further analysis. At the same time, hearts were 
removed and saved for testing as required.

Hematoxylin and eosin (HE) staining

After removing large blood vessels and epicardial adipose 
tissue, hearts were washed with cold saline and blotted dry 
with filter paper. The heart was cut into two halves from 
the central plane of the left ventricle. After the apexes 
were fixed for 24 h in 4% paraformaldehyde, they were 
dehydrated and then embedded in paraffin, and cut into 
5-μm-thick sections. These sections were stained with 
HE, and then examined and photographed under a light 
microscope for pathomorphological changes.

Measurement of biochemical parameters

Enzyme activities of LDH and CK-MB and MDA content 
were measured in the serum of rats with the use of 
corresponding kits obtained from the Nanjing Jiancheng 
Bioengineering Company according to the manufacturer’s 
protocols.

Western blotting analysis

Western blot analysis was performed as previously 
described (11). In brief, tissue samples were homogenized 
at 4 ℃ and lysed on ice for 15 min with 10 volumes of tissue 
lysis buffer, followed by centrifugation (4 ℃, 13,500 rpm) 
for 20 min. The supernatants were used as protein samples. 
Protein concentrations were determined with the use of 
the enhanced bicinchoninic acid (BCA) Protein Assay kit 
(Beyotime, Nantong, China), Protein samples (50 μg) were 
separated by 10% sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE) and transferred to polyvinylidene 
fluoride (PVDF) membrane. The PVDF membrane was 
incubated with 5% non-fat dried milk for 1 h at 37 ℃. 
Then, the membranes were incubated overnight at 4 ℃ with 
primary antibodies: anti-GRP78 (1:1,000), anti-Caspase-12 
(1:1,000), anti-CHOP (1:500), anti-p62 (1:500), anti-Beclin-1 
(1:1,000), anti-LC3 (1:1,000), and anti-glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (1:20,000), followed by 
the secondary antibody for 1 h at 37 ℃. They were visualized 
by the enhanced chemilumescent (ECL) detection system and 
analyzed by Image Lab software. Protein levels of GRP78, 
Caspase-12, CHOP, p62, Beclin-1 and LC3 were normalized 
to that of GAPDH.

Statistical analysis

All data were presented as mean ± standard error of 
mean (SEM). Statistical comparison between groups was 
performed with one-way analysis of variance (ANOVA), 
followed by Tukey’s test using GraphPad PRISM 7 
(Graphpad Inc., La Jolla, CA, USA). A P value <0.05 was 
considered statistically significant.

Results

CORT alleviated serum markers of ISO-induced 
myocardial injury and lipid peroxidation in rats

Clinical and basic studies have shown that LDH and CK-
MB enzyme activities are regarded as classical markers of 
myocardial injury. Compared with the control group, serum 
activities of LDH and CK-MB were significantly increased 
in the ISO group (6,661±1,159 vs. 3,827±1,327 U/L,  
P<0.0001; 167.20±37.15 vs. 47.68±16.76 U/L, P<0.0001, 
respectively) (Figure 1A,B). Both 25 μg/(kg·d) CORT and 
50 μg/(kg·d) obviously decreased serum LDH activity 
(4,474±698.3 vs. 6,661±1,159 U/L, P<0.05; 3,635±528.9 vs. 
6,661±1,159 U/L P<0.01, respectively) and CK-MB activity 
(108.80±40.81 vs. 167.20±37.15 U/L, P<0.05; 93.58±16.23 
vs. 167.20±37.15 U/L, P<0.01, respectively) in rats of 
the ISO + CORT 25 μg/(kg·d) group and ISO + CORT  
50 μg/(kg·d) group compared with those of the ISO group 
(Figure 1A,B). However, there was no statistically significant 
difference in serum LDH and CK-MB activity between 
the ISO + CORT 25 μg/(kg·d) group and ISO + CORT  
50 μg/(kg·d) group (Figure 1A,B).

MDA has been identified as a typical marker of lipid 
peroxidation. The content of MDA was higher in the 
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ISO group than that in the control group (10.53±1.29 vs. 
5.23±0.60 nmol/mL, P<0.01) (Figure 1C). Different doses 
of CORT significantly reduced serum content of MDA in 
rats of the ISO + CORT 25 μg/(kg·d) group and the ISO + 
CORT 50 μg/(kg·d) group compared with the ISO group, 
(5.64±0.49 vs. 10.53±1.29 nmol/mL, P<0.0001; 4.76±0.59 vs. 
10.53±1.29 nmol/mL, P<0.0001, respectively) (Figure 1C). 
However, there was no statistically significant difference in 
serum MDA between the ISO + CORT 25 μg/(kg·d) group 
and ISO + CORT 50 μg/(kg·d) group (Figure 1C).

CORT prevented a pathological change of ISO-induced 
myocardial injury in rats

As shown in Figure 2, HE staining showed the approximately 
normal structure of myocardial tissue and cells in the 
control group. Myocardial tissues from ISO-induced 
rats demonstrated massive inflammatory cell infiltration 
and extensive edema and became loose compared with 
those of the control group. Both 25 and 50 μg/(kg·d)  
CORT could obviously ameliorate myocardial damage 
induced by ISO, as shown in noticeably decreased 

10000

8000

6000

4000

2000

0

250

200

150

100

50

0

15

10

5

0

LD
H

C
K

-M
B

M
D

A

CNO
CNO

CNO
IS

O
IS

O
IS

O

IS
O+CORT 

25
 μg

/k
g/

d

IS
O+CORT 

25
 μg

/k
g/

d

IS
O+CORT 

25
 μg

/k
g/

d

IS
O+CORT 

50
 μg

/k
g/

d

IS
O+CORT 

50
 μg

/k
g/

d

IS
O+CORT 

50
 μg

/k
g/

d

U/L U/L nmol/L

** **** ****

## ##

####

#
#

####

B CA

Figure 1 The serum levels of LDH, CK-MB and MDA in rats of each group. (A) CORT suppressed the ISO-induced increases of LDH 
activity in rats; (B) CORT suppressed the increase of CK-MB activity in rats induced by ISO; (C) CORT reduces the increased level of 
MDA content in serum of rats induced by ISO. Rats in the ISO + CORT25 μg/kg/d group and ISO + CORT50 μg/kg/d group were injected 
with different doses of CORT (25 and 50 μg/kg, respectively) for three days. Data are presented as means ± SEM (n=5), **, P<0.01 and ****, 
P<0.0001 vs. CON group; #, P<0.05, ##, P<0.01, and ####, P<0.0001 vs. ISO group. LDH, lactate dehydrogenase; CK-MB, creatine kinase 
isoenzyme; MDA, malondialdehyde; CON, control; ISO, isoproterenol; CORT, cortistatin. 
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Figure 2 HE staining change of myocardial tissue in each group of rats (400×, scale is 100 μm). CON, control; ISO, isoproterenol; CORT, 
cortistatin. 
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inflammatory cell infiltration in the ISO + CORT  
25 μg/(kg·d) group and ISO + CORT 50 μg/(kg·d) group 
compared with the ISO group. Inflammatory cell infiltration 
was also observed but attenuated in the ISO + CORT  
25 μg/(kg·d) group. Myocardial cells in the ISO + CORT 
50 μg/(kg·d) group were mostly preserved or only mildly 
damaged.

CORT attenuated the increased protein levels of GRP78, 
CHOP, and Caspase-12 in rats induced by ISO

Recent studies have confirmed that GRP78, CHOP, 
and caspase-12 are classical markers of ERS. Compared 
with the control group, protein levels of GRP78, 
CHOP and, caspase-12 in the ISO group significantly 
increased (0.80±0.02 vs. 0.57±0.012, P<0.01; 1.76±0.05 
vs. 0.77±0.12, P<0.0001; and 1.53±0.11 vs. 0.90±0.02, 
P<0.0001; respectively). Different doses of CORT 
significantly inhibited the increased protein expression 

of GRP78 in rats of the ISO + CORT 25 μg/(kg·d) 
group and ISO + CORT 50 μg/(kg·d) group compared 
with those of the ISO group (0.51±0.09 or 0.45±0.08 vs. 
0.81±0.03, both P<0.01). Likewise, different doses of 
CORT appeared to suppress the increase protein levels 
of CHOP and caspase-12 in rats of the ISO + CORT  
25 μg/(kg·d) group and ISO + CORT 50 μg/(kg·d) 
group compared to those of the ISO group (0.88±0.08 
or 0.87±0.12 vs. 1.53±0.11, both P<0.0001; 1.04±0.22 or 
0.73±0.04 vs. 1.76±0.05, both P<0.0001; respectively). 
There was no statistically significant difference in the 
protein expression of GRP78, CHOP, and caspase-12 
between the control group, ISO + CORT 25 μg/(kg·d) 
group, and ISO + CORT 50 μg/(kg·d) group (Figure 3).

CORT inhibited the increase of LC3-II, LC3-II/I, Beclin-1 
and p62 in rats induced by ISO

Previous studies have shown that autophagy is a protective 
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Figure 3 CORT attenuates ISO-induced endoplasmic reticulum stress in rat myocardial tissues. (A) CORT reduced the ISO-induced 
increase of GRP-78 protein expression in rats; (B) CORT reduced ISO-induced increase of Caspase-12 protein expression in rats; (C) 
CORT reduced the increase of CHOP protein expression induced by ISO in rats. Protein expression of GRP-78, Caspase-12, and 
CHOP was examined via Western blot and was normalized to GAPDH expression. **, P<0.01, ***, P<0.001, and ****, P<0.0001 vs. CON 
group; ##, P<0.01, ###, P<0.001, and ####, P<0.0001 vs. ISO group. GRP78, glucose regulated protein 78; Capase-12, cysteine aspastic acid-
specific protease 3; CHOP, CCAAT/enhancer-binding proteins (C/EBP) homologous protein; GAPDH, glyceraldehyde-3-phosphate 
dehydrogenase; CON, control; ISO, isoproterenol; CORT, cortistatin.
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Figure 4 CORT suppresses ISO-induced autophagy in myocardial tissues of rats. (A) CORT down-regulated the ISO-induced expression 
of p62 protein in rats; (B) CORT down-regulated ISO-induced expression of Beclin-1 protein in rats; (C) CORT reversed the ISO-induced 
changes in LC3-II/I protein expression; (D) CORT reversed the ISO-induced changes in LC3-II protein expression. Protein expression of 
p62, Beclin-1, LC3-I, and LC3-II was examined via Western blot, while p62, Beclin-1, and LC3II were normalized to GAPDH expression. 
*, P<0.05, **, P<0.01; ***, P<0.001 vs. CON group; #, P<0.05, ##, P<0.01, ###, P<0.001, and ####, P<0.0001 vs. ISO group. LC3, microtubule-
associated protein light chain 3; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; CON, control; ISO, isoproterenol; CORT, 
cortistatin.

intracellular process that maintains cellular homeostasis, but 
recent studies have indicated that uncontrolled autophagy 
may induce cell death, thus giving rise to the concept of 
“autophagic cell death” (16). LC3-II and ratios of LC3-II/I,  
Beclin-1, and p62 are considered as autophagy markers. 
Compared with the control group, the LC3-II/I, LC3-II,  
Beclin-1, and p62 protein levels in the ISO group 
were dramatically increased (1.08±0.03 vs. 0.67±0.06, 
P<0.001; 0.47±0.04 vs. 0.25±0.02, P<0.01; 0.46±0.02 vs. 
0.32±0.03, P<0.05; and 0.58±0.01 vs. 0.36±0.05, P<0.0001, 
respectively). While the LC3-II/I, LC3-II, Beclin-1, and 
p62 levels in the ISO + CORT 25 μg/(kg·d) group and ISO 
+ CORT 50 μg/(kg·d) group were significantly decreased 
compared to those of the ISO group (0.62±0.03 or 0.57±0.09 
vs. 1.08±0.03, both P<0.001; 0.29±0.02 or 0.30±0.04 
vs. 0.47±0.04, both p<0.05; 0.32±0.04 or 0.26±0.10 vs. 
0.46±0.02, P<0.05, P<0.01; 0.34±0.04 or 0.36±0.01 vs. 
0.58±0.01, both P<0.001; respectively). There was no 
statistically significant difference in LC3-II/I, Beclin-1 and 
p62 protein levels between the control group, ISO + CORT 

25 μg/(kg·d) group, and ISO + CORT 50 μg/(kg·d) group 
(Figure 4).

Discussion

In this study, the administration of CORT alleviated 
myocardial injury in rats induced by ISO, as shown by 
its reduction of the increased activities in LDH and CK-
MB, and by its alleviating of the pathological myocardial 
damage and inflammatory cell infiltration. Moreover, we 
demonstrated that this cardioprotection of CORT was 
likely mediated via reducing lipid peroxidation, ERS, and 
autophagy.

ISO is a beta-adrenergic receptor agonist that has 
been widely used to induce experimental animal models 
of myocardial damage, resulting in morphological and 
biochemical changes in the heart similar to the change in 
humans (17). In clinical practice, LDH and CK-MB are 
released into the blood during myocardial injury, and there 
is a significantly positive correlation between elevated 
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LDH and CK-MB and ischemic myocardial injury (18). 
Therefore, LDH and CK-MB are often used as indicators 
to assess the extent of ischemic heart damage. In the present 
study, the levels of LDH and CK-MB were significantly 
elevated in the ISO group when compared to the levels 
in the control group. Moreover, myocardial tissues were 
infiltrated by massive inflammatory cells, and became loose, 
and had obvious myocardial cell rupture in rats of the ISO 
group compared to the control group. These data indicate 
that an experimental rat model of acute myocardial injury 
was established, which was consistent with the model of 
myocardial ischemic injury induced by ISO by Garg et al.  
and Akila et al. (19,20). Moreover, we demonstrated 
that different doses of CORT could reduce the ISO-
induced increase of LDH and CK-MB and pathological 
morphological changes in the rat in a dose-independent 
manner. This provides the first in vivo evidence that CORT 
protects myocardia from ISO-induced injury. 

Oxidative stress and lipid peroxidation are involved in the 
development of myocardial injury. In this study, we found 
that the serum MDA level was significantly higher in the 
ISO group than that in the control group. It has been shown 
that ISO can increase myocardial contraction and oxygen 
demand, resulting in electron leakage in the respiratory 
chain. These free electrons interact with molecular 
oxygen to create reactive oxygen species (ROS), further 
oxidizing elements of the cells, including proteins, DNA, 
and membrane lipids, directly damaging the myocardium. 
Suchal et al. also reported that antioxidant enzyme levels 
were significantly reduced, while MDA levels were elevated 
in ISO treated rats (15). Our further study indicates that 
different doses of CORT could prevent the increased levels 
of serum MDA in rats induced by ISO, suggesting that 
inhibition of CORT on myocardial injury caused by ISO 
was associated with reducing lipid peroxidation. However, 
this underlying mechanism remains to be further studied. 

A wealth of evidence has convincingly demonstrated 
that ERS plays a crucial role in the development of the 
cardiovascular disease, including myocardial infarction (21),  
myocardial ischemia/reperfusion (I/R) injury (22), heart 
failure, and other conditions (23). The endoplasmic 
reticulum (ER) is a dynamic organelle that is essential for 
maintaining cellular homeostasis. Under stressful situations, 
such as ischemia, hypoxia, oxidative stress, and changes 
of intracellular Ca2+ concentrations, the ER environment 
is  compromised, which consequently leads to the 
accumulation of unfolded proteins, which is called ERS (24).  
In this study, we found that the expression classical ERS 

markers like GRP78, caspase-12, and CHOP protein in 
the myocardial tissue of the ISO group was significantly 
increased compared with the control group, while the 
expression of GRP78, caspase-12, and CHOP protein were 
significantly lower in the ISO + CORT group than those 
in ISO group, indicating that CORT might attenuate ISO-
induced myocardial injury in rats by inhibiting ERS. It has 
been reported that ERS initiates its signaling pathways by 
activating 3 transmembrane effector proteins: protein kinase 
RNA-like ER kinase (PERK), inositol-requiring protein-1 
(IRE-1), and activating transcription factor 6 (ATF6) (25), 
and thus participates in cardiovascular diseases. However, 
the regulating role of ERS signaling in the cardioprotection 
by CORT remains unclear and needs to be further 
elucidated.

Autophagy plays a pivotal role in regulating cellular 
homeostasis by eliminating old or unfolded proteins, long-
lived organelles, and intracellular pathogens in response 
to starvation and various stresses (26). An increasing 
number of studies have revealed that autophagy is a 
critical player in the development of the cardiovascular 
disease, including the development of atherosclerosis (27), 
diabetic cardiomyopathy (28), cardiac (I/R) (29), and heart  
failure (30). There is ongoing controversy about the role 
of autophagy in cardiovascular disease (pro-survival versus 
pro-death). Autophagy is widely acknowledged to be a 
cytoprotective response to an overload of unfolded or 
misfolded proteins, and uncontrolled autophagy, under 
extreme or long-term stress, contributes to cardiac cell 
death (31). In this study, the expression of LC3-II, Beclin-1, 
and p62 protein, and the ratio of LC3-II/I in the myocardial 
tissue of the ISO group were significantly higher than those 
in the control group, indicating that ISO may activate 
the autophagy process of myocardial tissue in rats. The 
expression of LC3-II, Beclin-1, and p62 protein, and the 
ratio of LC3-II/I in the myocardial tissue of the ISO + 
CORT group were significantly lower than those in the 
ISO group, indicating that CORT may inhibit myocardial 
autophagy activity induced by ISO in rats.

Notably, some studies have shown that lipid oxidation 
products contribute to triggering ERS. In particular, ERS 
activation has been demonstrated in endothelial cells exposed 
to oxysterols and oxidized low-density lipoprotein (ox-LDL) 
(32,33). Proteins are much more susceptible to oxidative 
stress than fat and DNA (34). It has been confirmed that the 
activation of IRE1α, PERK, and ATF6 and the subsequent 
activation of CHOP, GRP78, and GRP94 are associated with 
ox-LDL treatment (35,36). It is worth mentioning that ox-

https://www.ncbi.nlm.nih.gov/pubmed/?term=Suchal K%5BAuthor%5D&cauthor=true&cauthor_uid=27765360
http://www.baidu.com/link?url=mKjZuE1nvX-IWD2YHf6mMS9WgBURUTbEBKtn0F_03eyAZ6Mqe0GBdFriwH9cr2ZAb-rJURkpESwVYjmNWIDqZJQmNlztc3tTno8KYi4HRyjE4KjD3qSmHUl6GyZhV9w64wPGN3b4_W5vw75ksWTUYrI1mJYmUBkoyiYdBbNv_0jLwpW2psLozQlX33XyCBiHRbTNP5cPLynbAnYysrQNyK
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LDL can also activate autophagy (36). Even so, the specific 
molecular interactions of ERS, autophagy, and lipid oxidation 
in CORT’s inhibition of myocardial injury induced by ISO 
remain to be further clarified.

In summary, the present study is first to demonstrate 
that CORT may attenuate acute myocardial injury in 
rats induced by ISO, which is likely mediated by CORT’s 
reduction of lipid peroxidation and inhibition of ERS and 
autophagy. These provide rational evidence for CORT as a 
novel target for the prevention and treatment of myocardial 
injury and its related diseases.
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