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Liraglutide inhibits the progression of prediabetes in rats by 
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Background: The cleavage product of Raf-1 kinase inhibitor protein (RKIP), hippocampal cholinergic 
neurostimulating peptide (HCNP) is involved in the promotion of insulin secretion. Studies have shown 
that liraglutide can inhibit the progression of prediabetes. This study aims to investigate whether the above 
effects of liraglutide are related to RKIP and HCNP.
Methods: Insulin-1 (INS-1) cells were divided into control group (CON), HCNP group, and HCNP + 
darifenacin group (H-DAR). The three groups were cultured with Roswell Park Memorial Institute (RPMI) 
1640, synthetic HCNP (50 pg/mL) and RPMI 1640, and HCNP + RPMI 1640 + darifenacin respectively. 
Subsequently, twelve 12- to 14-week-old Otsuka Long-Evans Tokushima Fatty (OLETF) rats were 
randomly divided into 2 groups: the placebo group (PBO) and the liraglutide treatment group (LIRA). Six 
Long Evans Tokushima Otsuka (LETO) rats were used as the control group (CON). The LIRA group was 
given liraglutide 200 μg/kg intraperitoneally twice a day. After 12 weeks, body weight, fasting blood glucose, 
2 hours postprandial blood glucose, and insulin resistance index were recorded. Western blot was used to 
detect expression level of C-RKIP, N-RKIP, and extracellular signal-regulated kinase of phosphorylation 
(p-ERK). Real-time quantitative polymerase chain reaction (qRT-PCR) to detect pancreatic tissue choline 
acetyltransferase (ChAT) and M3 cholinergic receptor (M3R) gene expression levels.
Results: At glucose concentrations of 5.6 and 16.7 mmol/L, the insulin content in the HCNP group was 
higher than that in the CON and H-DAR groups (all P<0.01). The body weight and fasting serum insulin 
(FINS) of rats in the PBO group were higher than those in the LIRA group and the CON group (P<0.01). 
The relative content of C-RKIP protein in the PBO group was higher than that in the LIRA and CON 
groups (P<0.01). The relative content of N-RKIP protein and p-ERK protein was lower than that in the 
LIRA and CON group (P<0.05 and P<0.01, respectively). ChAT and M3R gene expression levels in PBO 
group were lower than those in LIRA and CON group (P<0.01).
Conclusions: Liraglutide promotes the production of HCNP, can increase ChAT activity, activate M3R, 
and further promote the secretion of insulin.
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Introduction

Prediabetes is a state of glucose metabolism disorder 
between normal blood sugar and diabetes. Its pathogenesis 
is associated with the damage of pancreatic β-cells and 
insulin resistance (1). A number of studies have confirmed 
that prediabetes is associated with an increased risk of 
diabetes, cardiovascular disease, and stroke, as well as a 
significantly increased mortality rate. Thus, prediabetes 
intervention is of critical importance (2-4). Liraglutide, 
a human glucagon-like polypeptide analog, plays a role 
in promoting insulin secretion and promoting β-cell 
proliferation. Previous study demonstrated that liraglutide 
therapy can lead to a significant reduction in visceral 
adipose tissue and a significant improvement in β-index (5). 
Although studies have shown that liraglutide can inhibit 
the progression of prediabetes, further research is needed 
to elucidate the precise mechanism by which this occurs 
(5,6). The extracellular regulated protein kinases (ERK1/2) 
signal transduction pathway plays an important role in the 
proliferation of pancreatic β-cells and insulin secretion(7). 
As a specific inhibitor of ERK1/2 signal transduction 
pathway, Raf-1 kinase inhibitor protein (RKIP) can inhibit 
raf-1 kinase phosphorylation, further inhibit ERK1/2 signal 
transduction pathway, and reduce cell proliferation (8); 
studies have shown that RKIP acts specifically in pancreatic 
islet β-cells to inhibit β cell proliferation (9). The amino 
terminal of RKIP can be cleaved by sulfhydryl-containing 
chymotrypsin into a polypeptide of 11 amino acid residues, 
namely hippocampal cholinergic neurostimulating peptide 
(HCNP). HCNP can activate choline acetyltransferase 
in the central nervous system, promote the synthesis of 
acetylcholine, and then act on the cholinergic neuroreceptor 
system (10). In vitro experiments have shown that HCNP 
promotes insulin secretion, but it is not clear whether this 
effect passes through the cholinergic nervous system. This 
study’s aim was to use in vitro and in vivo experiments to 
observe whether the inhibitory effect of liraglutide on 
prediabetes is related to RKIP and its cleavage product 
HCNP. We present the following article in accordance with 
the ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3094).

Methods

Insulin-1 cell culture

HCNP synthesis and purity detection
Solid-phase chemical synthesis technology was used to 

artificially synthesize a peptide containing 11 amino acid 
residues. The sequence is: H-Ala-Ala-Asp-Ile-Ser-Gln-
Trp-Ala-Gly-Pro-Leu-OH. Reverse high-performance 
liquid chromatography (Model 1100 High Performance 
Liquid Chromatograph, Agilent Company, Palo Alto, CA, 
USA) and electrospray mass spectrometry (Esquire2LC 
ion trap electrospray mass spectrometer, Bruker Daltonics 
Company, Billerica, MA, USA) were used to analyze the 
products. After separation and purification, the purity of the 
final product obtained was 98.23%.

Insulin release experiment
Rat Insulin-1 (INS-1) cells (pancreatic β-cell tumor cell 
line) were obtained from the Endocrine and Metabolic 
Disease Laboratory of Zhujiang Hospital, Southern Medical 
University. The cells were cultivated in a 75 mL culture 
flask, and the growth was observed using an inverted phase-
contrast microscope. When 80% of the cells were fused 
into a slice, 0.1% trypsin and 0.1% EDTA-mixed digestion 
solution was used to digest and separate the cells. The cells 
were then seeded in a 6-well plate with 6×105 cells per well. 
The cells were randomly divided into 3 groups: the control 
group, the HCNP group, and the HCNP + darifenacin 
group (H-DAR) group. INS-1 cells in the control group 
were cultured with RPMI 1640 solution; INS-1 cells 
in HCNP group were cultured with synthetic HCNP  
50 pg/mL (Shanghai Yingjun Biotechnology Co., Ltd., 
Shanghai, China) and RPMI 1640 solution; and INS-
1 cells in H-DAR group were cultured with 50 pg/mL of 
HCNP, RPMI 1640 solution, and 10 μmol/L of darifenacin 
(DAR, an M3 choline receptor antagonist; Beijing Biolab 
Technology Co., Ltd., Beijing, China) 1 hour prior to 
the insulin secretion experiment. The INS-1 cells of each 
group were cultured in a 5% CO2 incubator for 5 days, 
after which time the supernatant was discarded. A Krebs-
Ringer bicarbonate-HEPES (KRBH) solution containing 
3.3 mmol/L glucose (115 mmol/L NaCl, 4.7 mmol/L KCl, 
1.28 mmol/L CaCl2, 1.2 mmol/L KH2PO4, 1.2 mmol/L 
MgSO4, 10 mmol/L NaHCHO3, 0.1% bovine serum 
albumin, pH 7.4) was used to incubate the cells for  
40 minutes. The supernatant was then extracted and the 
insulin concentration was determined. After washing with 
3.0 mL of KRBH solution again, KRBH solution containing 
5.6 and 16.7 mmol/L of glucose was added to each group. 
The 3 groups were incubated for 40 minutes, after which 
time the supernatant was collected and the insulin content 
was determined using radioimmunoassay (Rat Insulin Test 
Kit, Science and Technology Development Center, PLA 
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General Hospital Radio Immune Institute, Beijing, China). 
All 3 groups were treated with double tubes, and the 
average value was taken. The insulin release experiment was 
repeated 3 times.

Grouping and experiment 

Feeding and intervention of rats
Experimental animals were gifted by the Tokushima 
Research Institute of Otsuka Pharmaceutical Co., Ltd. 
Otsuka Long-Evans Tokushima Fatty (OLETF) rats are 
cholecystokinin-A receptor gene knockout mice, which 
are characterized by a large food intake, rapid weight 
gain, hyperinsulinemia, and elevated blood sugar. Type 2 
diabetes can occur spontaneously in these rats. Long Evans 
Tokushima Otsuka (LETO) rats belong to the same strain 
as OLETF rats but are not cholecystokinin-A receptor gene 
knockout mice and were thus used as a control group. All 
rats were male, 4 weeks old, and were fed with common 
feed in the clean-grade breeding room of the Laboratory 
Animal Center of Southern Medical University. The room 
temperature was kept at 21±2 ℃, the light availability 
was 14 hours, and the humidity was 60%±15%. After  
8–10 weeks of feeding, all animals were fasted for 15 hours, 
and oral glucose tolerance test (OGTT with glucose 2 g/kg 
through gastric tube infusion) was performed to detect 
the blood glucose and diabetes in the tail vein of rats by 
the glucose oxidase method at 30, 60, 90, and 120 minutes 
after OGTT. The diagnostic criteria were in accordance 
with the international rat diabetes criteria (peak blood 
glucose >16.8 mmol/L and blood glucose 2 hours after a 
meal >11.1 mmol/L). Impaired glucose tolerance (IGT) 
was considered when one of these criteria were met. The 
OGTT experiment was performed again at 2, 4, 6, 8, 
10, and 12 weeks after drug administration to measure 
the body weight of rats in each group, and the enzyme-
linked immunosorbent method was used to detect fasting 
serum insulin (FINS). A random number table was used to 
randomize 12 OLETF rats in the IGT stag into 2 groups 
of 6; depending on the allocation, the rats were given  
200 μg/kg liraglutide (LIRA group, n=6) or normal saline 
1.0 mL/kg (PBO group, n=6) twice a day via intraperitoneal 
injection. The LETO group (CON group, n=6) rats were 
given intraperitoneal injection of normal saline. The 
OGTT experiment was performed every 2 weeks. After 
12 weeks, intraperitoneal anesthesia was conducted using 
50% pentobarbital sodium. The pancreas tail tissue was 
extracted, some tissues were fixed with formaldehyde for 

immunohistochemical staining, and some were stored 
at –80 ℃ for western blotting and real-time quantitative 
polymerase chain reaction (RT-PCR). The sample size of 
animal experiments was determined according to a previous 
study (11). During the experiment, only the experiment 
operator knew the group allocation and treatment allocation 
of the rats, and the blind was revealed after the experiment 
was complete and data were being processed. Experiments 
were performed under a project license (No.: 2017-11-15) 
granted by ethics committee of Electric Power Teaching 
Hospital, in compliance with national guideline for the 
care and use of animals. A protocol was prepared before the 
study without registration.

Detection
Immunohistochemical staining
The specimens fixed with 10% formaldehyde were 
embedded in paraffin within 24 hours, dehydrated by alcohol 
gradient, and subjected to insulin immunohistochemical 
staining. The morphology of pancreatic islet β-cells was 
observed under light microscope, and the insulin positive 
cell density (PCD) was analyzed by Image J software.
Fluorescence quantitative analysis of pancreatic ChAT and 
M3R genes
The pancreatic tissue was lysed with Trizol solution, and 
the total RNA was extracted according to the instructions, 
and stored at −80 ℃. ChAT messenger RNA (mRNA) 
and M3R mRNA sequences were analyzed to design 
specific primers: ChAT upstream primer sequence: 
5'-TTCCAAGACACCAATGACCA-3' downstream 
primer sequence: 5'-AGTGGCTGTCCAGCAGAGTT-3', 
amplified fragment length 85 bp ; M3R upstream primer 
5'-CATCATTGGCAACATCCTTG-3' downstream 
primer sequence: 5'-AGGCCAGGCTTAAGAGGAAG-3', 
and amplified fragment length 89 bp (primers were 
synthesized by Shanghai Shenggong Biological Engineering 
Technology Service Co., Ltd.). The ABI 7500 Real-time 
PCR System (Thermo Fisher Scientific, USA) and SYBR 
Green RNA amplification kit (Takara Bio Group, Japan) 
were used to carry out the RT-PCR reaction in a one-
step method. The reaction was based on the following kit 
operation protocols: quantitative RT-PCR system (20 μL): 
real-time fluorescent quantitative reagent (2× SYBR 
Premix Ex TaTM) 10 μL, (ROX Reference Dye II) 0.4 μL,  
10 μmol/μL upstream and downstream primers each  
0.4 μL, complement DNA (cDNA) template 1.0 μL, and 
double distilled water 17.8 μL. The reaction conditions 
were as follows: 94 ℃ prereaction for 5 minutes, 94 ℃ for 
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30 seconds, 60 ℃ for 30 seconds, and 72 ℃ for 30 seconds 
for 40 cycles with fluorescence signals being collected at the 
end of each cycle of the extension reaction.
Pancreas C-RKIP, N-RKIP, and ERK1/2 protein 
expression analysis
The following enhanced chemiluminescence method was 
used to display protein bands: images were captured with 
Universal hood II gel imaging system (Bio-Rad, USA); Image 
J software was used to analyze the gray value of the band; 
and β-actin was used as an internal reference. The primary 
antibody was purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA USA); the horseradish peroxidase-labeled 
secondary antibody, enhanced chemiluminescence kit, and 
nitrocellulose membrane were purchased from Sigma-
Aldrich (St. Louis, MI, USA); and the standard protein was 
purchased from Bio-Rad. C-RKIP represents the carboxy-
terminal RKIP, that is, the complete RKIP protein; N-RKIP 
represents the amino-terminal RKIP, which indirectly 
represents the small molecule peptide, HCNP (containing 
11 amino acid residues produced by enzymatic cleavage 
of the amino terminal of the intact RKIP). HCNP is too 
small to be identified by western blotting, and can only be 
expressed indirectly by N-RKIP.

Data processing and statistical analysis

All data were processed and analyzed using SPSS 19.0 
software (IBM Corp, Armonk, NY, USA), and normality 
and homogeneity of variance were tested for the measured 
results. Continuous data are expressed as mean ± standard 
deviation, and comparison between groups was conducted 

using one-way analysis test. A P value <0.05 was considered 
significant.

Results

INS-1 cell insulin release experiment

Radioimmunoassay was used to determine the effect 
of HCNP on insulin release stimulated by different 
concentrations of glucose. The results showed that when the 
glucose concentration was 3.3 mmol/L, the insulin content 
of the cell culture supernatant, the HCNP group, the 
CON group, and the H-DAR group were not statistically 
different (P>0.05). When the glucose concentration was 5.6 
or 16.7 mmol/L, the insulin content in the HCNP group 
was higher than that in the CON and H-DAR groups, and 
the difference was statistically significant (P<0.05, Table 1).

Pancreatic tissue of prediabetic rats

Rat body weight, glucose tolerance test and fasting 
insulin
After 12 weeks of drug treatment, the body weight, 
blood glucose and FINS of rats in the PBO group were 
significantly higher than those in the LIRA and CON 
groups, and the difference was statistically significant 
(P<0.05, Table 2).

Pancreatic islets immunohistochemical morphological 
analysis
The CON group was observed under a light microscope 
with regular pancreatic islets morphology, complete 
structure, and even distribution of PCD in the samples; 
PCD in the PBO group was significantly reduced and 
unevenly distributed; the morphology of the LIRA islets 
was significantly improved. The PCD in the pancreatic 
islets in LIRA group increased significantly compared with 
the PBO group (Figure 1, Table 2).

The expression of RKIP and p-ERK protein in rat 
pancreatic tissue
Compared with the PBO group, the relative content 
of C-RKIP protein in the LIRA and CON groups was 
significantly reduced, and the relative content of N-RKIP 
protein was significantly increased (P<0.05). Compared with 

Table 1 Insulin content of 2 groups of INS-1 cells stimulated by 
different concentrations of glucose (mean ± SD)

Groups n 3.3 mmol/L 5.6 mmol/L 16.7 mmol/L

HCNP 12 8.38±0.96 10.26±1.25*## 12.77±1.32**##

CON 12 8.05±0.79 9.35±1.04# 9.73±1.14#

H-DAR 12 8.16±1.17 8.30±0.94 8.52±1.26 

Compared with CON group, **P<0.01; compared with CON 
group, *P<0.05; compared with the H-DAR group, ##P<0.01; 
compared with the H-DAR group, #P<0.05. HCNP, hippocampal 
cholinergic neurostimulating peptide; CON, control group; 
H-DAR, HCNP + darifenacin group.
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the PBO group, the relative content of p-ERK protein in 

the LIRA and CON groups was significantly increased, and 

the differences were statistically significant (P<0.05, Figure 2  

and Table 3).

ChAT and M3R gene expression in rat pancreatic tissue
Compared with the PBO group, the ChAT mRNA and M3R 
mRNA expression levels in the CON group and the LIRA 
group were significantly higher, and the difference was 
statistically significant (P<0.05, Table 4).

Discussion

As an analog of human glucagon-like peptide-1 (GLP-1), 
liraglutide can prevent the degradation of dipeptidyl 
peptidase-4 (DPP-4) by increasing the fatty acid side 
chain and prolong its effect on pancreatic β-cells (12). A 

Table 2 Body weight, blood glucose, insulin resistance index, and insulin-positive cell density of the 3 groups of rats (mean ± SD)

Groups n Weight (G) FBG (mmol/L) 2hPG (mmol/L) FINS (mU/L) PCD (μm−2)

CON 6 408.75±18.96# 6.16±0.38**# 7.45±0.48**## 15.08±4.54**# 0.90±0.12**

LIRA 6 462.68±26.54* 7.34±0.63** 9.72±0.52** 18.60±5.16** 0.78±0.15**

PBO 6 516.96±19.63 8.65±0.47 12.12±0.71 25.67±7.23 0.59±0.08

Compared with PBO group, **P<0.01; compared with PBO group, *P<0.05; compared with LIRA group, ##P<0.01; compared with LIRA 
group, #P<0.05. LIRA, liraglutide treatment group. PBO, placebo group; CON, control group. FBG, fasting blood glucose; 2hPG, 2 hours 
postprandial blood glucose; FINS, fasting serum insulin; PCD, positive cell density.

A B C

Figure 1 Insulin immunohistochemical staining of pancreas (×400). (A) Control group; (B) placebo group; (C) liraglutide treatment group.

CON                 PBO                 LIRA

CON                 PBO                 LIRA
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Figure 2 The expression of RKIP and p-ERK protein in rat 
pancreatic tissue. A, The expression of Raf-1 kinase inhibitor 
protein (RKIP) and B, GLP-1R relative to β-actin in pancreas. 
LIRA, liraglutide treatment group; CON, control group; PBO, 
placebo group.

Table 3 RKIP and p-ERK1/2 content relative to β-actin in the 
pancreas (mean ± SD)

Groups n C-RKIP N-RKIP p-ERK1/2

CON 6 0.66±0.08** 0.63±0.07* 0.84±0.12**#

LIRA 6 0.72±0.03* 0.67±0.04* 0.73±0.05**

PBO 6 0.82±0.05 0.59±0.11 0.61±0.08

Compared with the PBO group, **P<0.01; compared with the 
PBO group, *P<0.05; compared with the LIRA group, #P<0.05. 
RKIP, Raf-1 kinase inhibitor protein; LIRA, liraglutide treatment 
group. PBO, placebo group; CON, control group; ERK, 
p-extracellular signal-regulated kinase of phosphorylation.
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number of studies have confirmed that liraglutide not only 
significantly improves β-cell function, but also increases 
the volume and number of β-cells (5,13,14). This study 
demonstrated that liraglutide can improve the proliferation 
and insulin secretion of pancreatic β-cells and delay the 
occurrence of diabetes. The results of the study showed that 
IGT-OLETF rats without the intervention of liraglutide 
progressed to become diabetic, their C-RKIP protein levels 
increased, p-ERK protein levels decreased, and ChAT and 
M3R gene expression levels decreased significantly. This 
indicates that in IGT-OLETF rats, the effect of incretin 
stimulating hormone is decreased, the RKIP of pancreatic 
islet cells is increased, the blood sugar is increased, the 
proliferation of pancreatic β-cells is decreased, and the 
cholinergic neuroreceptor system is damaged, which in 
turn leads to increased blood sugar, insulin resistance and 
significant decline of the PCD of pancreatic islet cells. After 
12 weeks of liraglutide intervention, OLETF rats showed 
not just significantly reduced food intake, body weight, 
and blood sugar, but also decreased C-RKIP protein levels, 
increased N-RKIP protein levels and p-ERK protein levels, 
and increased ChAT and M3R expression levels. Therefore, 
it is speculated that liraglutide can not only activate the 
ERK1/2 signal pathway and promote the proliferation 
of β-cells, but also promote the lysis of RKIP, leading to 
an increase in HCNP, further acting on the cholinergic 
nervous system and promoting the release of insulin.

RKIP can bind to Raf-1 and MEK-1, interfere with 
the phosphorylation and activation of MEK-1 by Raf-1, 
further inhibit the ERK1/2 signal pathway, and attenuate 
cell proliferation (15,16). Zhang et al. showed that RKIP is 
specifically present in pancreatic islet cells using fluorescence 
double staining, immunohistochemical staining and other 
techniques, inhibiting the MAPK signal pathway and 
inhibiting the proliferation of pancreatic β-cells (9). A 
number of studies have demonstrated that RKIP plays 

an important role in the normal physiological processes 
in the body (17). Studies have shown that RKIP has a 
negative regulatory effect on glucose-induced cell viability, 
migration, angiogenesis, and endothelial–mesenchymal 
transition (EndMT) in human retinal capillary endothelial 
cells, suggesting that the downregulation of RKIP in the 
vitreous humor may contribute to the development of 
diabetic retinopathy in patients with proliferative diabetic 
retinopathy (18). Studies have also found that RKIP can 
inhibit the activation of NLRP1, NLRP3, and NLRC4, 
thereby playing a role in inflammasome-related diseases, 
including metabolic syndrome, gout, and atherosclerosis (19). 
Rituximab can regulate the expression of RKIP in the 
kidney tissue of diabetic nephropathy rats via nuclear factor 
kappa B (NF-κB) and can therefore aid in the treatment of 
diabetic nephropathy by regulating RKIP (20). The amino 
terminal of RKIP is cleaved by chymotrypsin-like enzymes 
into a polypeptide of 11 amino acid residues, namely 
HCNP, which can play a role in a variety of cells, including 
T cells, macrophages, and pancreatic β-cells (21,22). 
Because the molecular weight of HCNP is small, western 
blotting technology cannot express its content, so after 
eluting the carboxy-terminal RKIP protein antibody on the 
nitrocellulose membrane with enhanced luminescence, the 
amino-terminal RKIP protein-specific antibody is readded 
to form the amino-terminal -RKIP (N-RKIP). The relative 
protein content of N-RKIP is used to indirectly determine 
the content of HCNP. Typically, the RKIP produced by cells 
is carbon-terminal-RKIP (C-RKIP). In experiments, we 
observed a decrease in C-RKIP and an increase in N-RKIP. 
Thus, it is speculated that liraglutide promotes RKIP 
cleavage, thereby increasing HCNP.

The concept of prediabetes was first proposed decades 
ago, but it has only recently become a focus of attention (23). 
In the United States, about one-fifth of adolescents and one-
quarter of young people have been diagnosed with diabetes. 
The prevalence of prediabetes is higher among male 
individuals and obese individuals (23). Abdominal obesity has 
been demonstrated to be closely related to prediabetes (24). 
A number of studies have shown that liraglutide has a 
significant effect on weight reduction in obese patients  
(25-27). This effect may be related to the delay of the gastric 
emptying of solid food by liraglutide (28). As a result of 
these findings, a large number of studies have observed the 
effect of liraglutide on the progression of prediabetes in 
obese patients. In their study, Kim et al. compared the effects 
of liraglutide versus a placebo on patients with prediabetes. 
The intervention group was given liraglutide 1.8 mg for 

Table 4 ChAT and M3R mRNA content in the pancreas (mean ± SD)

Groups n ChAT (×105 copies) M3R (×105 copies)

CON 6 3.68±0.72**## 21.73±3.16**#

LIRA 6 1.89±0.40** 18.56±2.45**

PBO 6 0.84±0.18 11.22±1.82

Compared with the PBO group, **P<0.001; compared with the 
PBO group, *P<0.05; compared with the LIRA group, ##P<0.01; 
compared with the LIRA group, #P<0.05. LIRA, liraglutide 
treatment group. PBO, placebo group; CON, control group; 
ChAT, choline acetyltransferase; M3R, M3 cholinergic receptor.
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14 weeks. They found that the combination of liraglutide 
and calorie control can significantly reduce the weight of 
patients with prediabetes while improving insulin resistance 
and decreasing systolic blood pressure, as well. as glucose 
and triglyceride levels (29). In another study of intervention 
in obese patients, Astrup et al. found that 1.8–3 mg 
of liraglutide per day can reduce prediabetes by 84–96% (30). 
According to existing research results, liraglutide can inhibit 
the progression of prediabetes in high-risk patients, and 
can also delay and reduce the progression of prediabetes to 
diabetes and cardiovascular and cerebrovascular diseases. 
However, the specific mechanism is still not clear. Our study 
provides a possible explanation: liraglutide promotes insulin 
secretion by increasing HCNP.

Our study is temporarily limited to the rat diabetes 
model, and the specific mechanisms of related signaling 
pathways need to be further studied. In addition, further 
research is needed to investigate whether liraglutide also 
affects the progression of prediabetes through other means 
and whether the drug can affect the cholinesterergic nerve 
activity of the gastrointestinal tract. 
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