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a b s t r a c t

Apoptosis is a major pathophysiological change following myocardial ischemia/reperfusion (I/R) injury.
Glucagon-like peptide 1 (GLP-1) and its receptor GLP-1R are widely expressed in the cardiovascular
system and GLP-1/GLP-1R activates the protein kinase G (PKG)-related signaling pathway. Therefore, this
study tested whether semaglutide, a new GLP-1 analog, inhibits I/R injury-induced cardiomyocyte
apoptosis by activating the PKG/PKCε/ERK1/2 pathway. We induced myocardial I/R injury in rats and
hypoxia/reoxygenation (H/R) injury in H9C2 cells and detected the effects of semaglutide, a PKG analog
(8-Br-cGMP), and a PKG inhibitor (KT-5823) on the PKG/PKCε/ERK1/2 pathway and cardiomyocyte
apoptosis. We found that semaglutide upregulated GLP-1R levels, and both semaglutide and 8-Br-cGMP
activated the PKG/PKCε/ERK1/2 pathway, inhibited myocardial infarction (MI), decreased hs-cTNT levels,
increased NT-proBNP levels, and suppressed cardiomyocyte apoptosis in I/R rats and H/R H9C2 cells.
However, KT-5823 exerted contrasting effects with semaglutide and 8-Br-cGMP, and KT-5823 weakened
the cardioprotective effects of semaglutide. In conclusion, semaglutide inhibits I/R injury-induced car-
diomyocyte apoptosis by activating the PKG/PKCε/ERK1/2 pathway. The beneficial effect of GLP-1/GLP-1R,
involved in the activation of the PKG/PKCε/ERK1/2 pathway, may provide a novel treatment method for
myocardial I/R injury.

© 2023 Published by Elsevier Inc.
1. Introduction

According to a World Health Organization (WHO), approxi-
mately 1.8 million people (32% worldwide) have died from diseases
related to cardiovascular diseases, which are the primary cause of
death [1]. Myocardial infarction (MI) is a major health problem that
leads to 75% of sudden cardiac deaths, mainly resulting from
myocardial supply area ischemia and necrosis because of the
reduction of coronary blood [2,3]. Persistent squeezing or discom-
fort in the posterior sternum is the most common symptom of MI.
Intraarterial thrombolysis is required to achieve reperfusion.
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However, some patients still develop cardiac failure, even with
timely treatment such as anti-coagulation, anti-platelet, aggrega-
tion, or thrombolysis [4]. The main reason for the deterioration of
heart function in patients who received reperfusion treatment may
be that they underwent myocardial ischemia/reperfusion (I/R)
injury [5].

The occurrence of such injury involves several pathological
mechanisms, such as apoptosis and oxidative stress injury, among
which apoptosis is considered an important factor associated with
myocardial I/R injury [6,7]. Blocking cardiomyocyte apoptosis may
exert a positive effect on I/R injury [8,9]. Previous studies have
shown that protein kinase G (PKG) is one of the most important
targets of cyclic guanosine monophosphate (cGMP), and the acti-
vation of cGMP-dependent PKG plays a vital role in maintaining
cardiac homeostasis and has been used to treat heart failure [10,11].
PKG-induced phosphorylation of downstream proteins is impor-
tant for regulating calcium signaling, cardiomyocyte and vascular
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smooth muscle cell activity, cardiomyocyte inflammation, car-
diomyocyte oxidative stress, and cardiomyocyte apoptosis [12e14].
The extracellular signal-regulated kinase ERK includes two mole-
cules, ERK1 and ERK2, which regulate the damage and repair pro-
cess of cardiomyocytes and are involved in the regulation of cellular
mitochondrial dynamics. PKCε, a phospholipid-dependent fila-
ment/threonine kinase, is a downstream protein of PKG and an
important endogenous cardiac protective protein [15]. Thus, acti-
vation of the PKG/PKCε/ERK1/2 pathway may be an effective
method to protect cells from myocardial ischemia/reperfusion
injury.

The glucagon-like peptide 1 (GLP-1) analog can obviously
reduce cardiac infarct size [16,17]. However, whether the GLP-1
analog exerts myocardial protection by activating the PKG/PKCε/
ERK1/2 pathway is unclear. In this study, we aimed to verify
whether semaglutide, a novel GLP-1 analog in humans for 7 d [18],
inhibits I/R-induced cardiomyocyte apoptosis by activating the
PKG/PKCε/ERK1/2 pathway.

2. Materials and methods

2.1. Experimental animals and myocardial I/R model

Male Sprague-Dawley (SD) rats (200 g) were purchased from
the Animal Experiment Center of Southwest Medical University.
When feeding the rats, the environmental conditions were set as
follows: humidity, 60%; temperature, 23 �C; light and dark cycle
alternated; and the diet was unrestricted. The relevant research
contents and programs were approved by the Ethics Committee of
the Southwest Medical University and were in line with the Na-
tional Institutes of Health guide for the care and use of Laboratory
animals.

The myocardial I/R model was created under anesthesia by
injecting sodium pentobarbital (30 mg/kg), according to the
method of a previous study [19]. The control group underwent the
same operation, except that the suture placed under the left ante-
rior descending artery was relaxed. I/R rats were treated with
semaglutide (0.3 mg/kg; GL biochem, China) [20], the cGMP/PKG
analog 8-Br-cGMP (Sigma-Aldrich, USA; 1 mg/kg ip) [21], and/or
the PKG inhibitor KT-5823 (Aladdin, China; 0.5 mg/kg ip) [21]
30 min prior to I/R. Blood specimens and heart tissues were
collected under anesthesia after 4 h of reperfusion.

2.2. Electrocardiograph (ECG)

The needle electrodes were inserted subcutaneously into the
limbs of rats. Continuous ECG monitoring was performed by con-
necting the bl-420S Biological Function Experiment system to a
multi-channel physiological recorder system. ECG waves were
recorded before ligation and 60,120, and 240min after reperfusion.

2.3. Biochemical detection

Blood specimens were centrifuged at low speed for 10 min, and
hs-cTNT and NT-proBNP were detected by the Shanghai Shenggong
Bioengineering Factory (Shanghai, China).

2.4. Haematoxylin-eosin (HE) and immunohistochemical staining

Heart tissues were fixed in 10% buffered formalin, embedded in
paraffin, and cut into slices (4 mm) for HE and immunohistochem-
ical staining. After deparaffinization, the slices were stained with
HE according to the manufacturer's instructions. For immunohis-
tochemical staining, after deparaffinization, sections were incu-
bated with 3% H2O2 for 10 min and heated to repair antigen
2

temperature (95 �C). After blocking with 5% bovine serum albumin
(BSA) for 1 h, slices were incubated with rabbit anti-GLP-1R anti-
body (1:100; Proteintech, China) at 4 �C overnight. Then, slices
were incubated with the horseradish peroxidase (HRP) conjugated
secondary antibody (1:200, Proteintech, China) at 25 �C for 1 h and
colored using 3, 30-diaminobenzidine (DAB). The Integrated optical
density (IOD) was analyzed using Image-Pro Plus software.

2.5. Detection of infarct size

The heart was rapidly excised after 4-h reperfusion and frozen at
a temperature of �20 �C for 30 min, then serially sectioned into 2-
mm thick sections. The slices were placed in 1% triphenylte-
trazolium chloride (TTC) solution (Coolaber, China) at 37 �C in
term's instructions. Each slice was scanned and quantified using
Image-Pro Plus software.

2.6. Cell culture and treatments

The H9C2 cell was obtained from the American Tissue Culture
Collection (ATCC) of USA and cultured in Dulbecco's modified Ea-
gle's medium (DMEM) (Gibco, USA) containing 10% fetal bovine
serum (FBS; Gibco, USA). H9C2 cells were induced hypoxia/reox-
ygenation (H/R) injury to mimic myocardial I/R injury. Briefly, H9C2
cells were cultured under standard incubation conditions for 3 h.
Then, H9C2 cells were maintained in an atmospheric environment
with 5%e95% O2 for 2 h H9C2 cells were treated with semaglutide
(5 mmol/L) [20], 8-Br-cGMP (100 mM) [22], and/or KT-5823 (1 mM)
[22] 30 min prior to H/R. H9C2 cells were cultured in a humidified
atmosphere of 5% CO2 and 21% O2 at 37 �C for 1 d, then the cells
were harvested.

2.7. Cell viability assay

Cell Counting Kit-8 (CCK-8) testing was used to measure H9C2
cell viability. Harvested H9C2 cells were incubated with 10 mL CCK-
8 (Beyotime, China) for 2 h in the dark. Cell viability was tested
using Multiskan Spectrum ThermoMultisKanGo (USA).

2.8. Western blot analysis

Total cellular protein was extracted from H9C2 cells and heart
tissues using an extraction kit (Proteintech, China), according to the
manufacturer's instructions. The protein was quantified using BCA
technology and then subjected to polyacrylamide gel electropho-
resis (PAGE; 10% separation). The proteins were transferred to
Polyvinylidene fluoride (PVDF) membranes and incubated with
rabbit anti-GLP-1R (1:1000, Proteintech, China), rabbit anti-PKG
(1:1000, MedChemExpress, USA), rabbit anti-p-PKCε (1:1000,
APExBIO, USA), rabbit anti-PKCε (1:1000, APExBIO, USA), rabbit
anti-p-ERK (1:1000, MedChemExpress, USA), rabbit anti-ERK
(1:1000, MedChemExpress, USA), rabbit anti-Bax (1:1000, Pro-
teintech, China), rabbit anti-Bcl-2 (1:1000, Proteintech, China),
rabbit anti-cleaved-caspase3 (1:1000, Proteintech, China), and
rabbit anti-b-actin (1:4000, Proteintech, China) overnight at 4 �C.
After the PVDF membrane was washed, it was incubated with a
secondary antibody labeled with horseradish peroxidase for
30 min. The membrane was then washed and detected using the
enhanced chemiluminescence (ECL) method.

2.9. Detection of cell apoptosis

The terminal transferase-mediated dUTP-biotin nick end label-
ing (TUNEL) method was used to test cell apoptosis. H9C2 cells
were fixed with 4% paraformaldehyde at 23 �C, then washed with
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phosphate-buffered saline (PBS) solution. After incubation with
0.5% Triton X-100, H9C2 cells and the samples were stained using
the TUNEL Apoptosis Detection Kit (YEASEN, China). Finally, 4’,6-
diamidino-2-phenylindole (DAPI) was used to label the nuclei,
and TUNEL-positive cells were detected using an Olympus confocal
microscope (Olympus BX63, Japan).

2.10. Immunofluorescent staining

H9C2 and the slices were fixed at 23 �C for 15 min with 4%
paraformaldehyde, thenwashedwith PBS. The slices were placed in
0.5% Triton X-100 for incubation for 2 h, and then blocked at 37 �C
for 1 h with 5% BSA. The sample was mixed with rabbit anti GLP1R
antibody (1:100; Proteintech, China) and incubated at 4 �C for 12 h.
The sample was then incubated with goat anti-rabbit IgG (1:100,
Proteintech, China) combined with FITC and incubated at 37 �C in
the dark for 2 h. Finally, DAPI was used to label the nuclei, and
Fig. 1. Semaglutide promoted expression of GLP1R and the activated PKG/PKCε/ERK1/2
reperfusion. (B) HE staining of heart tissues of control and myocardial I/R rats (Scale bar ¼ 50
blot (E) of GLP-1R in the control, I/R, I/R þ Saline, and I/R þ Semaglutide groups (Scale bar ¼
R þ Semaglutide, I/Rþ8-Br-cGMP, I/R þ KT-5823, and I/R þ Semaglutide þ KT-5823 groups. n

3

images were obtained using an Olympus confocal microscope
(Olympus BX63, Japan).

2.11. Statistical analysis

The data are expressed as standard error of the mean (SEM).
Analysis of variance (ANOVA) was used to analyze between-group
comparisons. Statistical significance was set at p < 0.05.

3. Results

3.1. Semaglutide promoted expression of GLP1R and activated PKG/
PKCε/ERK1/2 pathway in I/R rats

The ECG results showedmarkedly elevated STand Twaves fused
into a towering and broad composite wave after ischemia, whereas
the ST segment decreased by > 50% with successful reperfusion
signaling pathway in myocardial I/R rats. (A) The ECG in the control, ischemia, and
mm). Immunofluorescent staining (C), immunohistochemical staining (D), and Western
50 mm). (F) Western blot of PKG/PKCε/ERK1/2 signaling pathway in the control, I/R, I/
¼ 6 per group; one-way ANOVAwith Bonferroni post hoc analysis; * indicates P < 0.05.
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(Fig. 1A). HE staining indicated that myocardial I/R injury caused
the myocardial fibers to become loose and irregular (Fig. 1B). These
data suggest that although reperfusion decreased the ST segment
and improved myocardial ischemia, it also caused a new injur-
y:myocardial I/R injury. Immunofluorescence staining (Fig. 1C),
immunohistochemical staining (Fig. 1D), and western blotting
(Fig. 1E) analyses revealed that GLP1R levels were decreased in
myocardial I/R rats, whereas semaglutide stimulated GLP1R
expression. The levels of PKG/b-actin, p-PKCε/PKCε, and p-ERK/ERK
in the I/R group were significantly decreased (P < 0.05, Fig. 1F), and
this inactivation of the PKG/PKCε/ERK1/2 signaling pathway in I/R
rats was inhibited by semaglutide (P < 0.05, Fig. 1F). To further test
whether semaglutide can activate the PKG/PKCε/ERK1/2 signaling
pathway, we used 8-Br-cGMP and KT-5823 to activate and inacti-
vate this pathway, respectively. As shown in Fig. 1F, 8-Br-cGMP was
activated, whereas KT-5823 inhibited the PKG/PKCε/ERK1/2
pathway in I/R rats (P< 0.05). Moreover, semaglutideweakened the
Fig. 2. Semaglutide reduced the MI and apoptosis in myocardial I/R rats. (A) TTC stainin
and I/R þ Semaglutide þ KT-5823 groups. The levels of blood glucose (B), hs-cTNT (C) and NT
R þ Semaglutide þ KT-5823 groups. (E) Western blot of Bax, Bcl-2, and cleaved-caspa
R þ Semaglutide þ KT-5823 groups. (F) TUNEL staining of heart tissues in the control, I/R,
groups (Scale bar ¼ 50 mm). n ¼ 6 per group; one-way ANOVA with Bonferroni post hoc a
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inactivation effects of KT-5823 on the PKG/PKCε/ERK1/2 pathway in
experimental animals (P < 0.05, Fig. 1F).

3.2. Semaglutide reduced the MI and apoptosis in myocardial I/R
rats

TTC staining was used to measure the effect of semaglutide on
MI. As shown in Fig. 2A, we detected visible infarction in the I/R
group, whereas semaglutide markedly decreased infarct size. 8-Br-
cGMP decreased the myocardial, but KT-5823 aggravated MI in the
I/R group (P < 0.05, Fig. 2A). During the study, observation of the
samples in the I/R group showed that the corresponding infarct was
highly visible, and the corresponding infarct area was significantly
reduced after treatment with simalutide, which indicates that it has
a certain inhibitory effect on MI. In addition, the experimental
comparison results also showed that after 8-Br-cGMP intervention,
the MI area of the I/R group decreased, but KT-5823 had the
g of heart tissues in the control, I/R, I/R þ Semaglutide, I/Rþ8-Br-cGMP, I/R þ KT-5823,
-proBNP (D) in the control, I/R, I/R þ Semaglutide, I/Rþ8-Br-cGMP, I/R þ KT-5823, and I/
se3 in the control, I/R, I/R þ Semaglutide, I/Rþ8-Br-cGMP, I/R þ KT-5823, and I/
I/R þ Semaglutide, I/Rþ8-Br-cGMP, I/R þ KT-5823, and I/R þ Semaglutide þ KT-5823
nalysis; * indicates P < 0.05.
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opposite effect. Moreover, I/R rats that underwent semaglutide plus
KT-5823 treatment had a smaller infarct sizes than that of I/R rats
that underwent KT-5823 treatment (P < 0.05, Fig. 2A), and the
larger infarct size than I/R rats that underwent semaglutide treat-
ment (P < 0.05, Fig. 2A), indicating KT-5823 could weaken the ef-
fects of semaglutide on MI. Therefore, attention should be given to
this aspect during the treatment process.

Semaglutide 8-Br-cGMP did not influence blood glucose levels
(P < 0.05, Fig. 2B). I/R rats had higher levels of hs-cTNT than control
rats, and both semaglutide and 8-Br-cGMP decreased hs-cTNT
levels, while KT-5823 increased hs-cTNT levels in I/R rats
(P < 0.05, Fig. 2C). Furthermore, the inhibitory effect of semaglutide
on hs-cTNT levels in I/R rats was weakened by KT-5823 (P < 0.05,
Fig. 2C). However, the effects of semaglutide, 8-Br-cGMP, and KT-
5823 on NT-proBNP in I/R rats were the opposite of the effects of
semaglutide, the two on hs-cTNT in I/R rats (P < 0.05, Fig. 2D).

Myocardial apoptosis was more obvious in I/R rats than in the
control group (P < 0.05, Fig. 2E and F). Both semaglutide and 8-Br-
cGMP inhibited the level of Bax, up-regulate Bcl-2, and decreased
myocardial apoptosis (P < 0.05, Fig. 2E and F), indicating that
semaglutide and 8-Br-cGMP suppresses myocardial apoptosis.
However, KT-5823 up-regulated Bax and cleaved-caspase3, down-
regulated Bcl-2, and increased myocardial apoptosis (P < 0.05,
Fig. 2E and F), indicating that KT-5823 promotes myocardial
Fig. 3. Semaglutide promoted expression of GLP1R and activated the PKG/PKCε/ERK1/2 s
(B) of GLP-1R in the control, H/R, H/R þ Saline and H/R þ Semaglutide groups (Scale bar ¼ 5
R þ Semaglutide, H/Rþ8-Br-cGMP, H/R þ KT-5823, and H/R þ Semaglutide þ KT-5823 gro
P < 0.05.
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apoptosis. Moreover, the inhibitory effects of semaglutide on
myocardial apoptosis were weakened by KT-5823 (P < 0.05, Fig. 2E
and F).
3.3. Semaglutide promoted expression of GLP1R and activated PKG/
PKCε/ERK1/2 signaling pathway in H/R H9C2 cells

H9C2 cells were subjected to H/R injury to mimic I/R injury.
Immunofluorescence staining (Fig. 3A) and WB (Fig. 3B) indicated
that GLP1R expression was lower in H/R H9C2 cells, whereas
semaglutide up-regulated expression GLP1R. To further test
whether semaglutide can activate the PKG/PKCε/ERK1/2 pathway
in vitro, H/R H9C2 cells were treated with 8-Br-cGMP and KT-5823
to activate and inactivate this signaling pathway, respectively. As
shown in Fig. 3B, both semaglutide and Br-cGMP activated the PKG/
PKCε/ERK1/2 signaling pathway, whereas KT-5823 inactivated the
PKG/PKCε/ERK1/2 signaling pathway. Moreover, the activating ef-
fects of semaglutide on the PKG/PKCε/ERK1/2 signaling pathway
were weakened by KT-5823.
3.4. Semaglutide inhibited apoptosis of H/R H9C2 cells

The viability of H9C2 cells was lower than that of control cells,
whereas that of H/R H9C2 cells was higher in the semaglutide and
ignaling pathway in H/R H9C2 cells. Immunofluorescent staining (A) and Western blot
0 mm). (C) Western blot of PKG/PKCε/ERK1/2 signaling pathway in the control, H/R, H/
ups. n ¼ 6 per group; one-way ANOVA with Bonferroni post hoc analysis; * indicated



Fig. 4. Semaglutide inhibited apoptosis of H/R H9C2 cells. (A) Cell viability assay in the control, H/R, H/R þ Semaglutide, H/Rþ8-Br-cGMP, H/R þ KT-5823, and H/
R þ Semaglutide þ KT-5823 groups. (B) Western blot of Bax, Bcl-2, and cleaved-caspase3 in the control, H/R, H/R þ Semaglutide, H/Rþ8-Br-cGMP, H/R þ KT-5823, and H/
R þ Semaglutide þ KT-5823 groups. (C) TUNEL staining of heart tissues in the control, H/R, H/R þ Semaglutide, H/Rþ8-Br-cGMP, H/R þ KT-5823, and H/R þ Semaglutide þ KT-5823
groups (Scale bar ¼ 50 mm). n ¼ 6 per group; one-way ANOVA with Bonferroni post hoc analysis; * indicates P < 0.05.

Q. Zhu, Y. Luo, Y. Wen et al. Biochemical and Biophysical Research Communications 647 (2023) 1e8
8-Br-cGMP groups than in the H/R group (Fig. 4A). H/R H9C2 cells
treated with KT-5823 showed lower viability than H/R H9C2 cells
treated with semaglutide and 8-Br-cGMP (Fig. 4A). Moreover, the
effect of semaglutide on cell viability was inhibited by KT-5823
(Fig. 4A). Bax expression was lower and the higher expression
was Bcl-2 in the H/R group than in the control group (P < 0.05,
Fig. 4B). Both semaglutide and Br-cGMP downregulated Bax and
up-regulate Bcl-2 in H/R cells, whereas KT-5823 could up-regulate
Bax and cleaved-caspase3 and down-regulate Bcl-2 in H/R cells
(P < 0.05, Fig. 4B). In addition, the effects of semaglutide on Bax and
Bcl-2 expression were inhibited by KT-5823 (P < 0.05, Fig. 4B).
These data suggest that semaglutide inhibited H/R H9C2 apoptosis,
which was verified using TUNEL staining (P < 0.05, Fig. 4C).

4. Discussion

Several molecular mechanisms are related to the pathological
process in myocardial I/R injury, containing energy depletion,
oxidative stress, and activation of programmed cell death [23,24].
Apoptosis, a common form of programmed cell death, is an
important pathophysiological change in I/R injury. Therefore,
inhibiting apoptosis can be regarded as the dominant car-
dioprotective approach against this type of injury [25]. For example,
Zhang et al. observed obvious apoptosis in H9C2 cells and sug-
gested that melatonin inhibited apoptosis and may be a promising
treatment agent against I/R injury. Moreover, Bcl-2 protected car-
diomyocytes against apoptosis and was downregulated in I/R mice
and H2O2-treated H9C2 cells, and lncRNA H19 acted as a ceRNA of
miR-877e3p [26]. Similarly, our study also found upregulation of
Bax and downregulation of Bcl-2 in I/R rats and H/R H9C2 cells,
implying that apoptosis was observed in myocardial I/R injury
6

in vivo and in vitro.
ERK1/2 (equal to p44/p42MAPK) are two isoforms of ERK that

are involved in regulating different cell movements, including
proliferation and migration [27]. ERK1/2 mediates apoptosis
through several mechanisms, such as the activation of caspase-8
signaling, regulation of cytochrome c release, promotion of p53
stability and activity, and activation of cytosolic phospholipase A2
(cPLA2) by phosphorylation at serine 505 [27]. Recent studies have
suggested that ERK1/2-mediated cardiomyocyte apoptosis plays an
important role in the development of I/R injury and that activation
of ERK1/2 can inhibit cardiomyocyte apoptosis [28,29]. ERK1/2 is
activated through kinase signaling pathways, concluding PKG and
PKCε, which are regulated in response to chemical stimuli and
various cytokines [27,30,31]. I/R injury can be triggered by G
protein-coupled receptor-mediated activation of a cascade
including PKG, which carries cardioprotective signals from the
cytoplasm to the inner mitochondrial membrane through down-
stream pathways such as PKCε [31,32]. In our study, we used 8-Br-
cGMP and KT-5823 to activate and inactivate PKG in I/R rats and
found that the PKG/PKCε/ERK1/2 pathway was inactivated in I/R
rats, 8-Br-cGMP activated PKG/PKCε/ERK1/2 pathway, and KT-5823
inhibited PKG/PKCε/ERK1/2 pathway in I/R rats. Moreover, 8-Br-
cGMP inhibitedMI, decreased hs-cTNT levels, increased NT-proBNP
levels, and suppressed cardiomyocyte apoptosis. However, KT-5823
had the opposite effect to 8-Br-cGMP. These data suggest that
activation of PKG/PKCε/ERK1/2 exerted cardioprotective effects on
I/R injury by inhibiting apoptosis, which is consistent with previous
research [14].

Although GLP-1/GLP-1R has been identified as a candidate for
treating type 2 diabetes, GLP-1/GLP-1R is involved in various
physiological and pathological processes, such as apoptosis,
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autophagy, inflammation, and oxidative stress, through binding
with G protein-coupled receptors and calcium release [33e35]. It
has been verified to be widely expressed in multiple organizations,
such as pancreas, cardiovascular system, central nervous system,
afferent neuronal ganglia, liver, and intestines [36]. Several studies
have suggested that GLP-1/GLP-1R activation could protect against
myocardial I/R injury through different molecular approaches
[37,38]. Several studies have also indicated that GLP-1/GLP-1R ac-
tivates the PKG pathway through multiple mechanisms. For
example, Lee et al. concluded that liraglutide, a GLP-1R agonist,
increased the expression of eNOS and sGC, and caused further
increased synthesis of cGMP in rats with pulmonary arterial hy-
pertension, which is important in the activation of the PKG
pathway [39]. Chen et al. found that exendin-4 decreased infarct
size and improved heart function in a rat model of heart failure
after MI activation of the eNOS/cGMP/PKG pathway [40]. Consid-
ering the important roles of PKG, PKCε, and ERK1/2 in myocardial I/
R injury-induced cardiomyocyte apoptosis and the fact that GLP-1/
GLP-1R activates the PKG pathway, we hypothesized that GLP-1/
GLP-1R can activate the PKG/PKCε/ERK1/2 pathway and inhibit
cardiomyocyte apoptosis. Various experiments were performed to
test this hypothesis. This study found that semaglutide inhibited
MI, decreased hs-cTNT levels, increased NT-proBNP levels, and
suppressed cardiomyocyte apoptosis in I/R rats and related cells,
which was accompanied by activation of the PKG/PKCε/ERK1/2
pathway.

5. Conclusion

In summary, we found that semaglutide inhibited I/R-induced
cardiomyocyte apoptosis by activating the PKG/PKCε/ERK1/2
pathway. The beneficial effect of GLP-1/GLP-1R, involved in the
activation of the PKG/PKCε/ERK1/2 pathway, may provide a novel
treatment method for such I/R injury.
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