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Lu et al.: To Investigate the Effect of Liraglutide on Myocardial Injury

To investigate the effect of liraglutide on myocardial injury in acute myocardial infarction rats by regulating
phosphoinositide 3 kinase/protein kinase B signaling. Sprague-Dawley rats were randomly divided into
sham group, model group, liraglutide group (0.6 mg/kg liraglutide), LY294002 (phosphoinositide 3 kinase
inhibitor) (1.5 mg/kg LY294002) and liraglutide+LY294002 (LY294002 after liraglutide), with 12 rats in each
group. Except for the sham group, the acute myocardial infarction rat model was constructed by coronary
artery ligation. After successful mold making, the drug group was treated according to the administration
method of each group, and the group was injected with equal amount of normal saline intraperitoneally
for 2 w. Cardiac function was measured by echocardiography, hemodynamics were recorded by polygraph,
myocardial histopathological changes were detected by hematoxylin and eosin staining, the degree of fibrosis
was observed by Masson staining, and the expression of autophagy-related factors and proteins related to
phosphoinositide 3 kinase/protein kinase B signaling pathway was detected in rats by Western blot. As
compared to the sham group, a significant decrease in cardiac function, the degree of myocardial tissue
damage and the degree of fibrosis, the expression of autophagy-related proteins and phosphoinositide 3
kinase/protein kinase B pathway-related proteins was significantly decreased; compared to the model group,
the cardiac function, degree of fibrosis in liraglutide rats, the expression of autophagy-related proteins and
phosphoinositide 3 kinase/protein kinase B pathway-related proteins was significantly increased; in contrast
to the liraglutide group, cardiac function was significantly reduced in the liraglutide+LY2940002 group, the
degree of myocardial tissue damage and the degree of fibrosis, the expression of autophagy-related proteins
and phosphoinositide 3 kinase/protein kinase B pathway-related proteins was significantly decreased;
compared with the LY2940002 group, the extent of cardiac function, myocardial tissue damage and fibrosis
were alleviated in liraglutide+LY2940002 group rats, the expression of autophagy-related proteins and
phosphoinositide 3 kinase/protein kinase B pathway-related proteins was significantly increased. Liraglutide
can improve the myocardial injury and protect the cardiac function by activating the phosphoinositide 3
kinase/protein kinase B signal pathway in acute myocardial infarction rats.
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Acute Myocardial Infarction (AMI) is a family, is an insulin hormone that regulates blood
coronary artery acute, persistent hypoxia glucosePl. Liraglutide is a GLP-1 analogue that
caused by myocardial damage, and acute mood, has been reported to reduce the cardiac rupture and
physiological  stress, overwork, overeating infarct range in both normal and diabetic mice!,

and other factors, often accompanied by heart
dysfunction, arrhythmia, heart failure, shock,
sternal pain, adverse symptoms such as mental
disorder, seriously affect the quality of life and
life health!"s. Glucagon Like Peptide-1 (GLP-
1), a member of the proglucagon-derived peptide
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and had a significant improvement in rats with
AMIPB!, Phosphoinositide 3-Kinase/Protein Kinase
B (PI3K/AKT) pathway is involved in various
physiological processes such as cell proliferation,
metabolism, secretion, neuroprotection, and cardio
protection!®”!, Previous studies have found that the
activation of the PI3K/Akt signaling pathway can
promote the repair and healing of myocardial tissue
and significantly improve myocardial infarction!®..
Liraglutide can activate the PI3K/AKT/Glycogen
Synthase Kinase-3 Beta (GSK 3f) pathway to exert
neuroprotective effects after hypoxic-ischemic
brain injury in neonatal rats’®’. However, the effect
of liraglutide on PI3K/AKT pathway in AMI
disease is rarely reported, so this paper explores
the effect of liraglutide on regulating PI3K/AKT
pathway on myocardial injury in AMI rats based
on previous studies, and provides new ideas for
clinical treatment of AMI.

MATERIALS AND METHODS
Animals:

Specific Pathogen Free (SPF) grade Sprague-
Dawley (SD) male rats were purchased from
Huazhong Agricultural University, with the
production license number SYXK (E) 2020-
0084, and their body weight was about 210 g.
Experimental rats were raised in the animal room
of our hospital (SYXK (E) 2018-0066), free food
and drinking, 12 h, the animal room temperature at
about 25°, the relative humidity at about 50 %, the
animal room was cleaned every day, once a week,
the animal ethics committee approved (batch
number: 20200927), in the experiment according
to the "3R" principle of humanitarian care.

Main reagents and instruments:

Liraglutide (98 % purity, goods number: 1L1630),
LY294002 (PI3K inhibitor), Masson staining kit,
high efficiency Radioimmunoprecipitation Assay
(RIPA) lysate (B-0294, G1346, R0010) were all
purchased from Beijing Solaibao Technology Co.,
Ltd.; Light Chain 3 II (LC3II), Beclin-1, PI3K,
Akt, PB-actin antibodies, and sheep anti-rabbit
Immunoglobulin G (IgG) antibodies (ab192890,
ab210498, ab278545, ab8805, ab8227, and
ab150077) were purchased from Abcam; Creatine
Kinase Isoenzyme (CK-MB), myocardial injury
marker (cardiac Troponin I (¢Tnl)) Enzyme-Linked
Immunosorbent Assay (ELISA) kit (commodity
numbers: ml059533 and ml1059111) were purchased

503 Indian Journal of Pharmaceutical Sciences

from Shanghai Enzyme-linked Biotechnology
Co., Ltd.; VentElite Small animal ventilator was
purchased from Harvard Instruments; DMD108
Optical microscope was purchased in Leica,
Germany; P3Plus Polyguide physiological recorder
was purchased from ponemah; SpectraMax iD3
Multi-function microplate reader was purchased
from molecular devices.

Methods:

Preparation and group administration of animal
models: Build AMI rat model, all rats preoperative
fasting water for 12 hi'% after anesthesia fixed in
the operating table, connected to small animal
ventilator, lead electrocardiogram, cut the left
margin of rat sternum 3™ and 4™ intercostal skin,
open the chest to expose the heart to left coronary
anterior descending artery ligation with sterile
suture, distal myocardial tissue rapid ischemia
white, electrocardiogram ST elevation for ligation,
chest air suture skin, observed that the rat breathing
smoothly, normal Heart Rate (HR) after feeding
in the cage to continue for 2 w. Another 12 rats
were selected for sham group, and only the hearts
were exposed without ligation. If the rats die or
do not meet the standards, the spare rats should be
selected for mold treatment. The number of rats is
not less than 48, and the rats surviving for 2 w will
be successful.

The 48 rats were divided into model group and
liraglutide group (0.6 mg/kg liraglutide)!!,
LY294002 (PI3K inhibitor) (1.5 mg/kg LY294002)
12 liraglutide+LY 294002 group (LY294002 after
liraglutide injection), sham group and model group
injected equivalent (4 ml) of saline for 2 w.

Measurement of cardiac function indicators,
hemodynamic indicators and tissue specimen
collection in rats: At 24 h after the last dose, each
groups of rats were fixed and echocardiography.
The Left Ventricular Ejection Fraction (LVEF),
short axis shortening rate of Left Ventricular
Fractional Shortening (LVFS), and Left Ventricular
Systolic Blood Pressure (LVSP) were recorded.
After the echocardiography examination, aortic
blood was collected about 4 ml, frozen for 30 min,
centrifuged at 3000 r/min for 15 min, and serum
was collected to determine the levels of CK-MB
and cTnl in rat serum according to the operation
steps of CK-MB and ¢Tnl ELISA kit.

The right common carotid artery was isolated
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and the distal heart was ligated and packed with
heparin (0.3 %) and the catheter was inserted
into the ascending aorta and carotid artery. After
the pressure value was observed for 10 min,
the maximum rate of decrease in the left indoor
pressure was recorded by polyguide physiological
recorder (-dp/dt_ ), maximum rise rate of the left
indoor pressure (+dp/dt_ ), HR, Left Ventricular
End Diastolic Pressure (LVEDP), and Left
Ventricular End Systolic Pressure (LVESP).

After rats were sacrificed, some for Hematoxylin
and Eosin (H&E) staining observation, some for
Masson staining, and some for the determination
of autophagy-related proteins and PI3K/AKT
pathway related proteins.

H&E staining and Masson staining in rat
myocardial tissue: Take appropriate amount of rat
myocardial tissue, fixed with 4 % paraformaldehyde
for 24 h, after alcohol dehydration, xylene
transparent paraffin embedded, to wax block after
cooling solidification section, the paraffin section
with xylene, different concentration gradient
alcohol solution, distilled water, then by dyeing,
water, eosin, alcohol and xylene after drying,
sealing in the optical microscope analysis and take
pictures, specific steps refer to the H&E dyeing kit
instructions.

Take appropriate amount of rat myocardial tissue,
fixed with 10 % of formalin, conventional paraffin
embedded and slice processing, refer to the Masson
staining kit instructions for dyeing processing,
mainly medium dye, blue dye, hematein dye,
differentiation dye, phosphomolybdic acid
treatment, aniline blue dye liquid, after dehydration,
transparent, neutral gum sealing steps, observed in
the optical microscope analysis and photo.

Detection of autophagy-related factors and
PI3K/AKT pathway protein expression in
rat myocardial tissue: Appropriate amount of
rat myocardial tissue was obtained, shear it into
pieces at low temperatures, RIPA lysate was added
to extract the total proteins, protein concentration
in myocardial tissue was determined using a
Bicinchoninic Acid (BCA) protein concentration
determination kit, add protein solution of each
group and denaturation, after cooling, 20 pl of
each protein was isolated for electrophoretic
experiments, the isolated proteins were transferred
to a polyvinylidene difluoride membrane by the
wet spin method, cut off the target protein and
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placed it in the incubation box, Add rabbit source
LC3II (1:2000), Beclin-1 (1:1000), PI3K (1:300),
AKT (1:250), B-actin (1:1000) primary antibodies,
incubated overnight at 4°, horseradish peroxide-
labeled sheep anti-rabbit IgG secondary antibody
(1:2000) was subsequently added, was incubated at
room temperature for 1 h. After color development,
fix for photo analysis.

Statistical methods:

Statistical analysis was performed with Statistical
Package for the Social Sciences (SPSS) 22.0
software, and experimental data met normal
distribution, all were expressed as meanzstandard
deviation (X+s), comparisons between groups by
one-way Analysis of Variance (ANOVA), and
further comparisons between two groups using
Least Significant Difference (LSD)-t test with
p<0.05 as statistically significant.

RESULTS AND DISCUSSION

Compared to the sham surgery group, LVEF, LVSP,
and LVFS values and the serum levels of CK-MB
and c¢Tnl in the model group, were significantly
reduced (p<0.05); compared to the model group,
the serum levels of CK-MB, cTnl in the liraglutide
group, LVEF, LVSP, and LVFS values increased
significantly (p<0.05). In contrast to the liraglutide
group, significant increase in serum levels of
CK-MB and cTnl in the liraglutide+LY 2940002
group, the LVEF, LVSP, and LVFS values were
significantly reduced (p<0.05); compared with
the LY2940002 group, the serum levels of CK-
Mb, c¢Tnl in the liraglutide+LY2940002 group,
the LVEF, LVSP, and LVFS values increased
significantly (p<0.05) as shown in Table 1.

Compared with the sham group, rats in the
model group had significantly higher LVEDP
values, and had LVESP, +dp/dt_, -dp/
dt ., HR was significantly lower (p<0.05);
compared with the model group, LVESP, +dp/
dt ., -dp/dt_, HR was significantly increased
(p<0.05); compared with liraglutide group,
LVEDP+LY2940002 group, LVESP, +dp/dt__, -dp/
dt__, HR values were significantly lower (p<0.05);
liraglutide+LY2940002 rats, LVESP, +dp/dt_ ,
-dp/dt__, the HR value was significantly increased
(p<0.05) as shown in Table 2.

The myocardial tissue and morphology of the
rats were almost normal, and the necrosis of
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the myocardial tissue damage of the rats was
significantly decreased as shown in fig. 1.

In the sham group, myocardial tissues were clear
and muscle fibers were normal; in the model group,
collagen fibers were increased and myocardial
fibrosis was decreased; in the liraglutide group;
compared with the LY294002 group as shown in
fig. 2.

Compared to the sham surgery group, the protein
expression of LC31I and Beclin-1 was significantly
decreased in the model group (p<0.05); compared
to the model group, LC3II and Beclin-1 protein
expression were increased significantly in
liraglutide group (p<0.05); in contrast to the
liraglutide group, LC3II and Beclin-1 protein
expression was significantly decreased in

liraglutide+LY 2940002 group (p<0.05); compared
with the LY294002 group, liraglutide+LY2940002
group, the LC3II and Beclin-1 protein expression
was significantly increased (p<0.05) as shown in
fig. 3 and Table 3.

Compared to the sham surgery group, PI3K/
AKT pathway (p<0.05); compared to the model
group, the expression of PI3K/AKT pathway
was significantly increased in liraglutide group
(p<0.05); in contrast to the liraglutide group, the
expression of PI3K/AKT pathway was significantly
decreased in liraglutide+LY2940002 group
(p<0.05); compared with the LY2940002 group, the
PI3K/AKT pathway was significantly increased in
liraglutide+LY 2940002 group (p<0.05) as shown
in fig. 4 and Table 4.

TABLE 1: COMPARISON OF CARDIAC FUNCTION INDEXES OF RATS IN EACH GROUP (xts, n=12)

Group CK-Mb (U/1) cTnl (mg/l) LVEF (%) LVSP (mmHg) LVFS (%)

Sham surgery 21.94:4.57 0.31+0.06 57.25+8.92 135.49+20.22 28.66+3.97
Model set 55.19+14.992 2.08+0.49° 31.11£5.74° 77.1313.10° 12.592.62°
Liraglutide 27.37+5.43° 0.55+0.18° 48.51:7.04° 109.39:+16.44° 24.46+3.77°
LY2940002 75.70+15.11¢ 2.73:0.64° 25.16+3.90¢ 64.31+12.09¢ 18.09+2.90°
Liraglutide+LY2940002  38.80£13.49  1.17+0.31< 40.47+6.37¢ 92.15+15.61< 20.93+2.44¢

Note: When compared to the sham surgery group, 2p<0.05; compared to the model group, °p<0.05; compared to the liraglutide group,
¢p<0.05 and compared with the LY2940002 group, p<0.05

TABLE 2: COMPARISON OF HEMODYNAMIC INDEXES OF RATS IN EACH GROUP (xts, n=12)

+dp/dt__

Group (mmHg/s)

-dp/dt
(mmHg/s)

HR (times/min)

LVESP (mmHg)

LVEDP (mmHg)

Sham surgery 5489.11+£143.56

Model set 3244.16+114.682
Liraglutide 4675.93+135.09°
LY2940002 2750.37+106.11¢

Liraglutide+LY2940002 3930.62+128.40«

5281.94+141.70

2701.64+105.95°
4831.68+127.09°
2019.26+118.06°
3518.49+120.56<

385.54+50.32 122.01+16.41 2.25+0.46
255.42+21.292 76.46+11.032 5.61+1.33°
336.49+36.07° 105.80+13.58° 3.030.77°
205.29+22.50¢ 64.83+10.22¢ 7.11£1.42¢
289.38+33.23 90.23+14.35< 4.21+1.17<

Note: When compared to the sham surgery group, 2p<0.05; compared to the model group, °p<0.05; compared to the liraglutide group,
°p<0.05 and compared with the LY2940002 group, 4p<0.05

sham operation group

RN

Fig. 1: HE staining of myocardial tissue in each group (100x)
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sham operation group
TR "

Beclin-1 (e D s——

B-actin < D G G G
Fig. 3: LC3II and Beclin-1 protein expression in each group

TABLE 3: COMPARISON OF LC3Il AND BECLIN-1 PROTEIN EXPRESSION IN MYOCARDIAL TISSUE OF
EACH GROUP (xts, n=12)

Group LC3II/B-actin LC3II/B-actin
Sham surgery 1.230.18 1.48:0.10
Model set 0.21+0.032 0.29+0.122
Liraglutide 0.84:0.09° 1.14+0.08°
LY2940002 0.08+0.03¢ 0.12+0.04¢
Liraglutide+LY2940002 0.35+0.07< 0.41+0.07«

Note: When compared to the sham surgery group, 2p<0.05; compared to the model group, ®p<0.05; compared to the liraglutide group,
°p<0.05 and compared with the LY2940002 group, p<0.05

P-AKT D e - w— —

AKT - — — - -
P-actin e o o> e o=

Fig. 4: Protein expression of PI3K/AKT pathway in hippocampal nerve cells of each group
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TABLE 4: COMPARISON OF PI3K-AKT PATHWAY PROTEIN EXPRESSION IN ALL RATS (xts, n=12)

Group p-PI3K/PI3K p-AKT/AKT
Sham surgery 1.29+0.20 1.31£0.30
Model set 0.37+0.072 0.41+0.082
Liraglutide 0.89+0.18° 0.92+0.19°
LY2940002 0.20+0.04¢ 0.33+0.06¢
Liraglutide+LY2940002 0.59+0.13<« 0.53+0. 14«

Note: When compared to the sham surgery group, 2p<0.05; compared to the model group, ®p<0.05; compared to the liraglutide group,

°p<0.05 and compared with the LY2940002 group, 9p<0.05

In recent years, the incidence of AMI has been
increasing, and the mortality and disability rate
are very high, which has become one of the main
causes of heart failure. The pathogenesis of AMI
is complex and related to coronary atherosclerotic
plaque rupture, platelet aggregation, thrombosis,
persistent coronary artery occlusion and myocardial
ischemia/hypoxia necrosis!!*!'*. AMI often leads to
abnormal cardiac function, myocardial necrosis,
myocardial tissue inflammation and fibrosis, and
eventually causes heart failure, arrhythmia and
other adverse symptoms, posing a threat to the
life safety of patients!', therefore, it is important
to establish corresponding AMI animal models to
study AMI. In the study, AMI rat model was often
used to construct by coronary artery ligation. The
established animal model was relatively stable
and similar to the pathophysiological process of
human AMIU®, The results of this study showed
that the serum levels of CK-MB, ¢Tnl and LVEDP
value of AMI rats were significantly increased, the
indicators of cardiac function were significantly
reduced, a large number of inflammatory cell
infiltration, cell necrosis, muscle fiber disorder,
and the degree of fibrosis of myocardial tissue
were seen with Huifang the results were similar,
indicating that AMI can cause increased myocardial
fibrosis and lead to abnormal cardiac function,
indicating that the construction of AMI rat model
was successful.

Elevated blood glucose is a common metabolic
disorder in AMI patients. As a GLP-1 analogue,
liraglutide is an insulin hormone that regulates
blood glucose and has anti-oxidation and anti-
inflammatory properties that protect against
endothelial function!'”). Previous studies have
found that GLP-1R activators can directly activate
the signaling pathways in cardiomyocytes and
improve cardiac injury!®. In this study, after AMI
mice were treated with liraglutide, it was found
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that various cardiac function indexes and blood
rheological indexes gradually recovered, and the
degree of myocardial tissue damage and fibrosis
were improved. We speculate that liraglutide
could significantly improve the impaired cardiac
function caused by AMI.

Autophagy is a highly conserved self-degradation
process with multiple connections to human
diseases because its function is critical for
cellular stress response, dynamic balance,
survival, and organismal development!'”). Recent
studies suggest that persistent cardiac ischemia
impairs autophagy in cardiomyocytes, thereby
exacerbating unfavorable cardiac remodeling after
AMIR%21 The results of this study found that the
expression of autophagy-related proteins (LC3II
and Beclin-1) was significantly downregulated
in the myocardial tissue of AMI mice, while the
expression changes were significantly reversed
after liraglutide administration. Our results
indicate that liraglutide activates the autophagy
response in AMI to promote cardiac remodeling
and improve myocardial injury.

The PI3K/AKT signaling pathway has anti-
apoptotic and autophagy-regulating effects in heart
disease!®?l, PI3K/AKT pathway plays an important
role in cell growth, proliferation, migration,
activated PI3K can activate AKT, activated AKT can
promote the expression of anti-apoptotic protein,
inhibit the generation of proapoptotic protein, and
promote the growth of vascular endothelial cells,
and reduce the cardiac cell apoptosis, promote
myocardial tissue angiogenesis, play a myocardial
protective effect®!. The results of this study
showed that liraglutide promotes the expression
of these proteins in the PI3K/AKT/mammalian
Target of Rapamycin (mTOR) pathway, indicating
that liraglutide activates the PI3K/AKT pathway.
Compared with liraglutide group, PI3K/AKT
pathwayrelated proteinexpressionwassignificantly
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decreased in liraglutide+LY2940002 rats, and
significantly higher in liraglutide+LY2940002
rats, suggesting that the function of liraglutide
in protecting myocardial injury may be achieved
through activation of the PI3K/AKT pathway.

In conclusion, liraglutide could improve myocardial
injury and protect cardiac function by activating
the PI3K/AKT signaling pathway. This study only
preliminarily explored the effect of liraglutide on
AMI by regulating PI3K/AKT signaling pathway.
However, it is still unclear whether liraglutide
acts on AMI treatment through other pathways, so
further research is still needed.
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