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In order to study the protection mechanism of liraglutide on the infectious lesion of the retina of type I
diabetes, in this experiment, a mouse model of type I diabetes was established by induction with strep-
tozotocin (STZ) and feeding with high-fat and high-sugar diet. After observing the living conditions of the
modeled mice and detecting their fasting blood glucose (FBG), it was found that the modeled mice exhib-
ited clinically similar symptoms in patients with type I diabetes, and their FBG was larger than
16.7 mmol/L, indicating that the experimental mouse model was obtained. The mice were divided into
groups. The control group was divided into negative control group (A), light positive control group (B),
diabetic control group (C), and diabetes care group (D) according to different treatment methods, and
the experimental group was divided into treatment group 1 (LR1), treatment group 2 (LR2) and treatment
group 3 (LR3) according to different injection doses. The eyes of mice in each group were extracted and
retinal tissue sections were made, and the sections were stained with HE. The retinal morphology was
observed and it was found that compared with group A, the outer nucleus layer was significantly thinner
in group B and C, and the group D was the thinnest. After treatment with liraglutide, the outer nuclear
layer of LR1 group and LR2 group LR3 group recovered significantly, indicating that liraglutide had pro-
tective effect on type I diabetes and light-induced damage of mouse retinal photoreceptor cells.
Immunohistochemistry was used to detect p-Erk1/2 and ASK1 protein contents in retina. It was found
that compared with the negative control group and the light control group, p-Erk1/2 protein contents
in LR1, LR2 and LR3 groups were significantly increased, showing statistical significance. Compared with
the negative control group and the light control group, ASK1 protein content in LR1, LR2 and LR3 groups
significantly decreased. This suggested that the protective mechanism of liraglutide on retinopathy was
related to up-regulation of antioxidant protein p-Erk1/2 and down-regulation of apoptosis-related pro-
tein ASK1, that is to say, the action site of liraglutide may be related to this. Through real-time quantita-
tive detection of the Trx gene expression level in diabetic and photodamaged mice, it was found that
compared with the diabetic light group, the Trx expression level in mice treated with liraglutide showed
a significant up-regulated trend, suggesting that the protective mechanism of liraglutide on retinopathy
was related to the up-regulated expression of antioxidant protein Trx. Therefore, liraglutide has a certain
protective effect on diabetic retinal injury, and its mechanism is related to the up-regulation of p-Erk1/2
and Trx antioxidant protein, and the down-regulation of apoptosis-related protein ASK1.
� 2019 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Diabetes is a metabolic disease characterized by hyperglycemia
caused by insufficient insulin secretion or its blocked biological
mechanism, or both (Zhang et al., 2017a,b). Diabetes can be divided
into type I diabetes and type II diabetes, both of which have signif-
icant genetic heterogeneity and a family-borne tendency. With the
improvement of people’s living standards, the dietary structure of
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Table 1
Grouping table of diabetic mouse model.

No. Name Quantity (case)

Control group A Negative control group 5
B Light positive control group 5
C Diabetes control group 5
D Diabetes Light Group 5

Experimental group LR1 Treatment group 1 5
LR2 Treatment group 2 5
LR3 Treatment group 3 5
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human beings has changed, and the diet with high sugar, fat and
calories is the main reason for the rapid increase of diabetes inci-
dence (Li et al., 2017). However, if the blood glucose level in the
body can’t be reduced to the normal level for a long time, it will
lead to chronic damage or dysfunction of eyes, kidneys, heart,
blood vessels and nerves in particular (Bugáňová et al., 2017).

The most common complication of diabetes is the Diabetic
Retinopathy (DR) of the patient. DR is a specific fundus change
with complicated pathogenesis, which can lead to blindness if
untreated (Von Scholten et al., 2017). Nowadays, diabetic retinopa-
thy has become the main cause of acquired blinding eye disease. In
clinical practice, diabetic retinopathy is usually classified into pro-
liferative diabetic retinopathy and non-proliferative diabetic
retinopathy according to the presence of retinal neovascularization
(Babateen et al., 2017). The pathogenesis of retina is complex,
which is mainly believed to be related to the abnormal metabolism
of polyol and inositol, the imbalance of free radicals, oxidation and
reduction potential energy, inositol depletion, cytokines and other
factors (Liou et al., 2018).

At present, there are two theories that can explain the patho-
genesis of diabetic retinopathy, namely the theory of retinal
microangiopathy and the theory of retinal neuropathy. According
to the theory of retinal microangiopathy, long-term exposure to
hyperglycemia results in dysfunction of retinal vascular endothe-
lial function, which leads to retinal microvascular injury and
microangiopathy (Wang, 2018). Some studies have found that
long-term increase of blood glucose will produce too many reac-
tive oxygen molecules, which can’t be cleared by the body in time.
Therefore, proteins, oxidized cell membranes and unsaturated fatty
acids in the cytoplasm are saccharified. This toxic effect on the
body tissue is vascular endothelial cells, which is the main cause
of microvascular injury in diabetes, and then leads to retinopathy.
According to the theory of retinal neuropathy, hyperglycemia will
cause changes in endothelial cells, lead to vascular stenosis, reduce
blood flow, cause ischemia and hypoxia of ocular nerve network
tissue, hinder tissue energy metabolism, and finally cause retinal
diseases (Zhang et al., 2018).

Glucagon-like peptide-1 (GLP-1) is an incretin synthesized and
secreted by intestinal L cells, which is distributed as a site in
human retina, nervous system and pancreatic tissues (Bruen
et al., 2017). Liraglutide is a GLP-1 analogue developed by Novo
Nordisk in Denmark and is used clinically to control blood glucose
levels in patients with type II diabetes. Some studies have found
that liraglutide has protective effects on b cells and cardiovascular
diseases, but the effect of liraglutide on retinopathy has been rarely
studied (Zhang et al., 2017a,b). Based on the above understanding,
in this research, a diabetic mouse model was established to study
the mechanism of liraglutide in DR from the perspectives of
histomorphology, protein expression level, and gene expression
level.
2. Materials and methods

2.1. Selection and grouping of experimental animals

Forty healthy female Kunming mice of SPF grade were selected
(provided by XX experimental animal center). The mice were
required to be about 5 weeks old and weigh about 30 g. Feeding
conditions of mice: constant temperature of 23 ± 2 �C, relative
humidity of 60 ± 10%, alternating light of 12 h, the activity of cage
feeding in mice was not limited, and the diet could be freely used.
In addition, the eyeball of mice should be observed to make sure
that the refractive medium of the eye was clear and no abnormal-
ity was found in the fundus. Experimental grouping method is
shown in Table 1.
2.2. Method for establishing diabetes mouse model

Experimental group: thirty mice were randomly selected (five
of which were used to supplement the mice that failed in model-
ing), and the mice were first raised adaptively in the animal house
with normal diet for one week. Then SD mice were fed with a high-
fat and high-sugar diet (74.5% normal diet +10% lard +10% sugar
+5% yolk powder +0.5% cholesterol) sterilized by ultraviolet radia-
tion. After 2 weeks of continuous feeding, all mice fasted overnight
(12 h), and the weight of each mouse was measured and recorded.
STZ, which was prepared with 0.1 mol/L sterile citric acid buffer
(pH = 4.4), was intraperitoneally injected into mice to induce dia-
betes at a dose of 85 mg/kg. It was injected once every five days
for a total of two injections. After three days of the second injec-
tion, the tail tip of the mouse was subtracted from 1 to 2 mm,
and the tail blood of the mouse was collected to measure FBG.
When the amount of water, food intake and urine of the mice
increased, and the FBG was greater than 16.7 mmol/L, the diabetic
mouse model was successfully established. The successfully mod-
eled diabetic mice were fed with high-fat and high-sugar diet for
2 weeks. Tail tip blood of the mice was collected every week to
measure FBG, and the mice with high blood glucose
(FBG > 16.7 mmol/L) were screened.

Control group: group A and group B were injected with the
same amount of sterile citric acid buffer. Among them, illumina-
tion group and diabetic illumination group were illuminated for
72 h after administration.
2.3. Establishment of drug intervention model

In this study, mice were intraperitoneally injected with differ-
ent doses of liraglutide (Novo Nordisk, Denmark). The doses of
LR1, LR2 and LR3 groups were 62.5 g/kg, 175 g/kg and 250 mg/kg,
respectively, according to the body weight of rats. Note that
administration was given for a specific period of time each day,
such as nine o’clock in the morning, for 10 consecutive days. The
other control groups were intraperitoneally injected with the same
dose of normal saline at the same time period.
2.4. Treatment methods of retinal tissue sections

After the mice were sacrificed by cervical dislocation, the eye-
balls were quickly removed and were marked at 12: 00. Both eyes
were fixed in 10% neutral formalin fixator for 24 h, and 70% alcohol
was transferred for 48 h. Then, 80%, 95% and 100% alcohol were
added twice, each time for 30 min. After each step dehydration,
xylene was used for transparency for 4 times, each time for
15 min. The transparent tissue blocks were placed in liquid paraffin
wax and placed in a wax melting box at 58 �C overnight. The next
day, paraffin wax was replaced and the sample was continued to be
soaked in wax for 4 h before embedding. Finally, the wax blocks
were stored in a refrigerator at 4 �C.
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2.5. HE staining method

Sagittal section was made along the optic nerve at 12:00 of the
eyeball, and the section had a thickness of 5 lm. The slice was
spread in a water bath box at 49 �C and pasted on a glass slide
coated with polylysine. It was baked at 42 �C for 48–72 h in a con-
stant temperature box for later use. The glass slides were dewaxed
with toluene for 2 times, each time for 10 min. The water was
dehydrated by 100%, 90% and 80% gradient ethanol for 3 min,
respectively. The sample was washed with distilled water for 3–
5 min and then stained with hematoxylin for 10 min. It was then
washed with distilled water for 3 min, followed by 1% hydrochloric
acid alcohol for color separation, and then washed with distilled
water for anti-blue for 30 min. It was stained with eosin for
5 min and then washed with distilled water for 10 min. The sam-
ples were dehydrated with 80% ethanol for 1 min and 90% ethanol
for 1 min. Xylene was used to make the slices transparent, and seal
them with neutral gum. Finally, HE staining was completed.

Changes in the thickness of photoreceptor nuclear layer in the
retina were observed under an optical microscope (Olympus,
Japan), the number of layers of the outer nuclear layer of the retinal
photoreceptor was counted and counted, so as to analyze the rela-
tionship between the amount of 6 doses and the degree of retinal
damage.

2.6. Method for detecting p-Erk1/2 and ASK1 by
immunohistochemistry

Firstly, the above paraffin sections were subjected to conven-
tional dewaxing: the sample was dewaxed twice with xylene for
20 min each time. It was dehydrated with 75%, 90% and 100% etha-
nol for 3 min at a time. Finally, it was gently rinsed 3 times with
distilled water for 3 min each time;

Secondly, inactivation by endogenous enzyme: 3% hydrogen
peroxide and distilled water were mixed at a ratio of 1:10, and
the slices were immersed in the mixture at room temperature for
5–10 min to inactivate the endogenous enzyme, then it was
washed three times with distilled water for 5 min each time.

Thirdly, microwave heat was used to repair antigens: the sec-
tions were immersed in citrate buffer (pH 6.0), and the microwave
oven was set to mid-range and the sample was heated to boiling
and then removed. After standing for 5–10 min at room tempera-
ture, the microwave oven was adjusted to the middle and low
range, and the sample was heated again for 5 min, and took out
to cool at room temperature. Be careful not to shake the beaker
vigorously during the whole process, or it would easily lead to
peeling. After cooling, it was washed 3 times with PBS buffer of
pH 7.0 for 5 min each time.

Fourthly, seal: normal goat serum blocking solution was added
dropwise, and the excess liquid was removed at room temperature
for 30 min.

Fifthly, drop the primary antibody: the antibodies of p-Erk1/2
and ASK1 were diluted with antibody diluent at the ratio of
1:200, and then the diluted antibodies were added to the sections
respectively, and incubated at 37 �C for 2 h at a constant tempera-
ture. It was washed 3 times with PBS buffer for 3 min each time.

Sixthly, drop the second antibody: Polymer helper was added,
the sample was incubated for 20 min at 37 �C, washed with PBS
for 3 times, each time for 3 min. Then, Poly peroxidase-anti-
mouse (IgG) was added and incubated at 37 �C for 20 min. The
sample was washed 3 times with PBS buffer for 3 min each time.

Seventh, DAB color development: the PBS buffer was dried, 1
drop of reagents A, B and C in DAB reagent kit were added into
1 mL distilled water and mixed evenly. The mixed liquid was
dropped into slices and observed under microscope at room
temperature to control color rendering. When more brown-
yellow products appeared, the chromogenic reaction was
terminated.

Eighthly, the sample was slowly buffered with distilled water,
mildly counterstained with a small amount of hematoxylin, and
differentiated with hydrochloric acid alcohol.

Ninthly, the slices were dehydrated with 75%, 90% and 100%
ethanol, transparent by xylene and sealed with neutral gum.

Tenthly, the samples were observed under a microscope, and
the average optical density values of the immunohistochemical
stained sections were measured and statistically analyzed with
the image processing software lmage-Pro Plus 6.0.
2.7. Method for extracting mRNA of retinal Trx gene

Firstly, the mice were sacrificed by CO2 inhalation method, the
eyeballs were immediately removed and placed on ice, and the
retina was peeled off under an inverted microscope (Olympus,
Japan). Secondly, 1 mL of Trizol was added to the retinal tissue of
the mouse (from two eyeballs), homogenized on an ice with an
ultrasonic pulverizer for about 20 s; and allowed to stand at room
temperature for 15 min. Thirdly, it was centrifuged at 4 �C and
12000 rpm for 5 min in a cryogenic freezing centrifuge (Beijing
Tetraloop Scientific Instrument Factory, China). The supernatant
was carefully absorbed and transferred into a new centrifuge tube,
paying attention not to absorb the sediment. Fourthly, chloroform
was added to the supernatant according to a dose of 1:5 (200 lL of
chloroform per mL sample), and the mixture was shaken vigor-
ously and allowed to stand at room temperature for 10 min. Fifthly,
the samples were centrifuged in a cryogenic centrifuge at 4 �C and
12000 rpm for 15 min, and the supernatant was carefully trans-
ferred to a new centrifuge tube. Sixthly, 2.5 X absolute ethanol
was added to the supernatant, gently shaken and mixed, and
allowed to stand at �20 �C for 30 min. Seventhly, the samples were
centrifuged in a cryogenic centrifuge at 4 �C and 12000 rpm for
10 min, the supernatant was discarded, and 250 lL 75% DEPC-
ethanol was added to the precipitation, and gently oscillated and
suspended. Eighthly, the samples were centrifuged in a cryogenic
centrifuge at 4 �C and 12000 rpm for 5 min, and then the super-
natant was lightly discarded. The EP tube was opened and placed
upside down on the absorbent paper for 2–5 min at room temper-
ature. Ninthly, RNase-free of 20 lL was added, and the precipitate
was lightly blownwith pipet gun or put into a 37 �C water bath box
(Jiangsu Quantan Instrument Factory, China) to dissolve the RNA.
Note that plastic instruments such as EP tubes should be treated
by 0.1% DEPC (PIERCE, USA), and glass instruments should be ster-
ilized by high temperature and high pressure to remove RNase, and
the cryogenic centrifuge should be precooled at 4 �C before the
experiment.
2.8. Real time PCR method

First, reverse transcription of Trx gene RNA to synthesize cDNA.
After the RNA precipitate was completely dissolved, the concen-

tration was measured with a microplate reader (Thermo Scientific,
USA). In each experimental group, 1 lL LRNA was used for reverse
transcription to prepare cDNA, and the reverse transcription kit
(Beijing Qingke Xinye Biotechnology Co., Ltd.) was used for opera-
tion. The reaction system is shown in Table 2. The reverse tran-
scription reaction conditions were 50 �C for 30 min; 99 �C for
5 min; and 5 �C for 5 min.

Second, real time PCR.
Primer design: mRNA sequences of Trx genes were searched in

Genbank, and Primer Premier5.0 was used to design primers in a
reading frame. Primer sequences (Synthesized by Beijing Qingke
Xinye Biotechnology Co., Ltd.) are shown in Table 3.



Table 2
Reverse transcriptional reaction system.

MgC2 1 lL
10XRT Buffer 1 lL
RNase Free dH20 3.75 lL
dNTP Mixture 1 lL
RNase lnhibitor 0.25 lL
AMV Reverse Transcriptase 0.5 lL
Oligo dT-Adaptor Primer 0.5 lL
RNA 1 lL
Total 10 lL

Table 3
Trx gene primer sequences.

Gene name Primer sequence

Trx F GGAATGGTGAAGCAGATCGAG
R ACGCTTAGACTAATTCATTAAT

GAPDH F TGTGATGGGTGTGAACCACGAGAA
R GAGCCCTTCCACAATGCCAAAGTT

Table 5
Body weight results of each group of mice (g).

Groups One week after
STZ injection

Two weeks after
STZ injection

Blank control group 251.19 ± 18.21 366.58 ± 32.05
Diabetes model group 156.22 ± 8.14* 130.04 ± 7.58*

* P < 0.05 vs Blank control group.

Table 6
FBG results (mmol/L) in each group of mice.

Groups One week after
STZ injection

Two weeks after
STZ injection

Blank control group 3.95 ± 0.60 3.63 ± 0.33
Diabetes model group 21.04 ± 3.11* 21.35 ± 3.58*

* P < 0.05 vs Blank control group.
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Real time PCR was performed by using the real time PCR kit
(Dalian TaKaRa Co., Ltd.), taking the cDNA of Trx gene as the tem-
plate, and adding other components of PCR. The PCR products were
subjected to agarose gel electrophoresis, observed under ultravio-
let lamp, imaged with GIS gel imaging system, and semi-
quantitatively analyzed to detect the expression level of Trx.

PCR reaction conditions: 94 �C (2 min); 94 �C (30 sec); 56 �C (30
sec); 72 �C (15 sec); 72 �C (10 min). All the cases were repeated for
27–30 cycles (see Table 4).
2.9. Statistical method

SPSS21.0 was used in this experiment, mean ± standard devia-
tion was used to represent the experimental data, and t-test was
used for mean comparison. One-way ANOVA was used to analyze
the difference, and the difference was statistically significant when
P < 0.05.
3. Results

3.1. Diabetic rat modeling results

Through observation, it was found that the weight of the rats in
the control group (group A and group B) increased with the
increase of week age, the hair was bright and smooth, the growth
and mental state were good, the action was agile, the FBG was
maintained between 3.0 and 5.0 mmol/L, and the amount of water
and urine was the same as before. Compared with the control
group, the diabetic modeling rats showed disorderly fur, listless-
ness, inactivity and irritability, significantly increased food intake,
water intake and urine volume, and significantly decreased body
weight with the increase of week age (as shown in Table 5). They
showed the symptoms of typical diabetes, namely ‘‘more drinking,
more urine, more food and less weight”. The measurement results
Table 4
Real time PCR reaction system.

5 � PCR Buffer 10 lL
Sterilized distilled water 28.75 lL
TakaRa Ex Taq HS 0.25 lL
Upstream specific primer 0.5 lL
Downstream specific primer 0.5 lL
Tatal 40 lL
of FBG of mice in each group are shown in Table 6. Compared with
the blank control group, FBG of mice in the diabetes group was
greater than 16.7 mmol/L, and FBG was significantly increased
(P < 0.01), which was statistically significant, indicating the suc-
cessful model of STZ-induced diabetes mice.
3.2. Statistical results of the retinal photoreceptor nuclear layer

Morphological observation of the retinal sections after HE stain-
ing and measurement of the thickness of the outer nuclear layer
(Figs. 1 and 2) revealed the following results: firstly, the negative
control group (group A) had uniform staining, clear tissue structure
and orderly cell arrangement. Secondly, compared with the nega-
tive control group (13.58 ± 1.49), the positive control group (group
B and group C) had significantly thinner outer nuclear layer, signif-
icantly sparse retinal cell arrangement, and significantly disor-
dered, swollen and broken arrangement of inner and outer
nodes. Thirdly, when diabetic mice were exposed to strong light,
the outer nuclear layer thickness of group D mice was
(7.60 ± 1.31), which was significantly reduced compared with
group A (P < 0.001). Fourthly, compared with group C
(9.47 ± 0.61), the outer nuclear layer of group D was further thin-
ner and the retinopathy was more serious. Fifthly, the retinal struc-
ture of the liraglutide treatment group (LR1 group, LR2 group, LR3
group) was better than that of the positive control group, with
slightly sparse arrangement of retinal cells, slightly disordered
Fig. 1. Count statistics of outer core layer.



Fig. 2. Statistical chart of measurement results of outer core layer thickness.
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arrangement of inner and outer segments, swelling, fragmentation,
and slightly thinning of outer nuclear layer. Compared with group
C, the thickness of outer nuclear layer in the treatment group was
11.92 ± 0.91, 13.38 ± 1.52, 13.63 ± 1.69, which were significantly
increased (P < 0.001).

Therefore, it can be explained that liraglutide protects against
damage of mouse retinal photoreceptor cells induced by type I dia-
betes and light.
Fig. 4. Results of ASK1 expression in the retina by immunohistochemistry.
3.3. Results of p-Erk1/2 detected by immunohistochemistry

The average optical density value of p-Erk1/2 immunohisto-
chemical staining sections of mouse retina was measured. The sta-
tistical results are shown in Fig. 3. It was found that the expression
of p-Erk1/2 in the group B (1.45 ± 0.007) was significantly reduced
compared with the group A (2.30 ± 0.004). Compared with group A
(2.30 ± 0.004), the expression levels of p-Erk1/2 in group LR1, LR2
and LR3 were 2.14 ± 0.014, 2.12 ± 0.018 and 3.16 ± 0.021, respec-
tively, and the expression levels were significantly increased
(p < 0.001). Therefore, it was suggested that liraglutide could up-
regulate the expression of p-Erk1/2, and the protective mechanism
of liraglutide on retinopathy was related to the up-regulated
expression of antioxidant protein p-Erk1/2.
Fig. 3. Results of p-Erk1/2 expression in the retina by immunohistochemistry.
3.4. Results of ASK1 detected by immunohistochemistry

The average optical density value of ASK1immunohistochemical
staining sections of retina in mice was measured. The statistical
results are shown in Fig. 4. It was found that compared with the
negative control group (0.22 ± 0.024), the ASK1 expression level
in the light group (0.33 ± 0.013) increased significantly (P < 0.01),
and the difference was statistically significant. Compared with
the light group (0.33 ± 0.013), ASK1 expression levels in LR 1 group
(0.20 ± 0.003, P < 0.001), LRI2 group (0.24 ± 0.009, P < 0.01) and
LRII3 group (0.20 ± 0.003, P < 0.001) were all significantly down-
regulated. Therefore, it was suggested that liraglutide could
down-regulate the expression of ASK1, and the protective mecha-
nism of liraglutide on retinopathy was related to down-regulation
the expression of apoptosis-related protein ASK1.
3.5. Test results of real-time PCR

The following results were obtained by real-time quantitative
analysis of the expression levels of Trx gene in diabetic and photo-
damaged mice, as shown in Fig. 5. Firstly, the expression level of
Trx gene in diabetic and photodamaged mice was downregulated.
Compared with the negative control group (0.698 ± 0.11), the Trx
gene expression level in the diabetic control group (0.60 ± 0.06)
Fig. 5. Real time PCR of Trx.
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and the light group (0.57 ± 0.05) was significantly reduced
(P < 0.01), and the difference was statistically significant. Second,
Trx expression in the diabetic light group (0.53 ± 0.08) was signif-
icantly lower than that in the diabetic control group (P < 0.05).
Compared with the diabetic light group, the expression of Trx
was significantly up-regulated in LR 1 group (0.76 ± 0.13,
P < 0.05), LR 2 (1.09 ± 0.09, P < 0.001) and LR 3 (0.84 ± 0.11,
P < 0.01). Therefore, it was suggested that liraglutide could up-
regulate the expression of Trx, and the protective mechanism of
liraglutide on retinopathy was related to the up-regulated expres-
sion of antioxidant protein Trx.

4. Discussion

The pathological process of diabetic retinopathy is very compli-
cated, and its occurrence involves many factors. In recent years,
some scholars have proposed that its etiology is related to oxida-
tive stress (Chen et al., 2017). It is believed that due to the long-
term increase of blood glucose level in the body, the body produces
excessive reactive oxygen radicals that can’t be cleared, which can
oxidize the cell membrane, namely unsaturated fatty acids, saccha-
rify proteins, damage the DNA structure, and poison the body tis-
sues. The clinical manifestations of this toxic effect in the eyes
are increased retinal oxidative damage and sensory cell apoptosis
(Kowluru and Shan, 2017). In this experiment, a mouse model of
type I diabetes was established by intraperitoneal injection of
STZ in Kunming mice to induce diabetes and feeding with high-
fat and high-sugar diet. By observing the retinal tissue of each
group of mice, it was found that the outer nuclear layer of the dia-
betic light group was the thinnest and the damage was the most
serious. After treatment with liraglutide, the outer nuclear layer
of LR1, LR2, and LR3 groups recovered significantly, indicating that
liraglutide had protective effects on type I diabetes and light-
induced photoreceptor cells in mice. Immunohistochemistry was
used to detect p-Erk1/2 and ASK1 protein contents in the retina.
And it was found that compared with the negative control group
and the light control group, p-Erk1/2 protein contents in LR1, LR2
and LR3 groups were significantly increased. Compared with the
negative control group and the light control group, ASK1 protein
content in LR1, LR2 and LR3 groups was significantly reduced, sug-
gesting that the protective mechanism of liraglutide on retinopa-
thy was related to up-regulation of antioxidant protein p-Erk1/2
and down-regulation of apoptosis-related protein ASK1. By detect-
ing the expression level of Trx gene, it was found that the expres-
sion level of Trx in mice treated with liraglutide showed a
significant up-regulation trend, suggesting that liraglutide may
achieve therapeutic effect by up-regulating the antioxidant protein
Trx. The results of this study are consistent with the above oxida-
tive stress theory.

In summary, liraglutide reduced oxidative damage by up-
regulating the expression of the oxidation-related proteins p-
Erk1/2 and Trx and down-regulating the expression of the
apoptosis-related protein ASK1, thereby achieving the control of
retinal damage caused by type I diabetes and photodamage. How-
ever, this result can’t specifically explain the specific action site of
liraglutide in DR therapy, so further research on this pathway is
needed. In addition, the drug gradient of liraglutide set in this
experiment has no obvious effect on retinal treatment, which can’t
explain the relationship between drug dosage and DR treatment, so
further research is needed.
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