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At present, there is not enough research about the application of liraglutide nano preparations in
perioperative neurocognitive dysfunction. Therefore, the purpose of this study is the mechanism of
the effect of liraglutide nano preparations on perioperative neurocognitive dysfunction in aged
mice. In this study, 140 male SD rats aged 6-8 weeks were used as the research object, and were
divided into 4 groups (n=24) according to the random number table method, which were group C
(control group), group S (model group), and treatment. Group (low-dose liraglutide pretreated
control group) and DS2 group (high-dose liraglutide pretreated control group) were treated with
liraglutide anesthesia to establish a cognitive dysfunction model. Morris water maze experiment
was conducted 4 days after anesthesia to compare the escape latency and the number of crossings
of the original platform in each group; after 4 days of anesthesia, 18 old mice were randomly
selected from each group for fluorescence quantitative polymerase chain reaction (Real Time
PCR) and protein Western blotting (Western Blot) was used to determine the mRNA and protein
levels of Caspase-3, Bax and Bcl-2 in the hippocampus; the remaining 6 old mice in each group
were taken to observe the pathological changes of the hippocampus neurons by transmission
electron microscopy . Compared with saline-treated group, the levels of NF-KB, TNF-a and IL-1p
protein in mice treated with liraglutide decreased and IkB increased significantly (p<0.05).
Liraglutide intervention may alleviate non-alcoholic fatty liver in diabetic mice by reducing the
expression of inflammatory genes in liver tissue, thereby improving neurocognitive dysfunction in
mice.

Copyright: © 2022 by the C.M.B. Association. All rights reserved

Introduction

only two amino acid positions are modified (16).

Cognitive dysfunction refers to the disorder or
decline of the brain's advanced intelligent processing
(1-2), such as thinking judgment, logical reasoning
and problem solving (3-4), resulting in dysfunction of
thinking, learning, memory and logical reasoning (5).
According to the different degree and severity of
cognitive impairment (6-7), the degree of cognitive
impairment can be divided into three levels (8-9) from
light to heavy: mild cognitive impairment, amnesia
and dementia, which can be manifested as memory
loss, psychomotor block, dementia, delirium, fine
motor  coordination difficulties and advanced
cognitive impairment (10-11). Liraglutide is a
biosynthetic GLP-1 analog (12-13) developed by
danmeno and Nord pharmaceutical companies, and it
is also a receptor agonist of GLP-1 (14). Its protein
sequence is highly homologous with GLP-1 (15), and

Lilalutide can improve the survival rate of mice with
neurocognitive impairment (17), and its function of
remodeling myocardial cells is independent of
hypoglycemic  effect (18-19). For  cognitive
dysfunction, such as the choice of lilalutide nano
preparation to promote the synthesis and transport of
related neurotransmitters and other means to improve
the symptoms of cognitive dysfunction (20-21), this
study has great significance.

Materials and Methods

The test object was 140 male SD old mice, 6-8
weeks old, weighing 260+20g, purchased from a
laboratory animal technology company in Beijing.
Animals are housed in SPF-level animal rooms. They
can eat and drink water freely. The temperature of the
feeding room is 22~24°C, the relative humidity is
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about 50%, 12h light is 12h dark (light time 6:00-
18:00), regular ventilation (22-23).

Experimental ~ equipment  includes  freezer,
ultrasonic tissue and cell disruption instrument,
constant temperature oscillator, constant temperature
water bath, high-speed low-temperature centrifuge,
protein electrophoresis instrument, membrane transfer
instrument, WD-9405 horizontal decolorization
shaker, fluorescent gel imaging analysis system,
Victor3 multi-functional microplate reader, tissue
homogenizer, micro pipette, biological tissue
embedding machine, paraffin slicer, electric
thermostat, laser confocal fluorescence microscope,
Image-pro plus 6.0 image analysis software, gene
amplification instrument , Fluorescence gquantitative
PCR instrument, trace nucleic acid quantitative
instrument, vertical electrophoresis instrument.

After three days of adaptive feeding of the
purchased mice, the old mice were randomly divided
into 4 groups: control group 20 (group C,
intraperitoneal injection of equal volume of normal
saline at the same time point); model group 40
(LPS100ug/Kg+S group , Intraperitoneal injection of
LPS100ug/Kg+ left nephrectomy 1 hour before

surgery; 40 rats in the treatment group (L+
LPS100ug/Kg+S group, intraperitoneal injection of
liraglutide 10mg/K g/d+ left nephrectomy for 3
consecutive days before surgery + Postoperative
intraperitoneal injection of liraglutide 2mg/Kg/d until
sacrifice); 40 rats in the liraglutide group (group L,
intraperitoneal injection of the same amount of
liraglutide nano preparations at the same time point);
the model group was established with the same One
part is divided into two groups. Among them, the first
group (10 in each group, except Group C) was
subjected to water maze test on the 3rd and 7th day
after operation, and was killed according to relevant
experimental requirements. Another group (10
animals in each group, except group C) performed
conditional fear tests on the 3rd and 7th postoperative
days, and were Kkilled according to relevant
experimental requirements. The water labyrinth test
and the conditional fear test simultaneously conduct
spontaneous activity tests (24-25). The experimental
technology roadmap and the flow chart of the
liraglutide nano-formulation administration
experiment are shown in Figure 1.

Adult SD rats
(n=70)

v v

v v

Figure 1. Experimental technology diagram

Use Excel tables to sort and correct the data, and
use SPSS19.0 software for statistical analysis,
including single-factor analysis using chi-square test,
multi-factor analysis using unconditional logistic
regression analysis, test level a=0.05, P<0.05 The
difference was statistically significant.

Preparation of Liraglutide Nano Formulation
The steps were as follows:

Experimental
grouping Group ¢ Group L Model group Therapy group
\ Wat i t,
Experimental ater maze experiment, Western Immunofluore
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experiment, spontaneous
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based on liraglutide nano preparation

{1} 30% Acr-Bis: Acrylamide (Acr) 29g, N-N'
Methylenebisacrylamide (Bis) Ig, ultrapure water to
100ml, 4°C protected from light.

{2} 15M Tris-HCl (pH8.8): 18.165g Tris is
dissolved in 80ml ultrapure water, after dissolving,
adjust the pH value to 8.8 with 2.5M HCI solution,
dilute to 100ml, and store at 4°C.

{3} 1 M Tris-Hcl (pH6.8): 12.1g Tris is dissolved
in 80ml of ultrapure water. After dissolving, adjust the
pH to 6.8 with HCI, dilute to 100ml, and store at 4°C.
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{4} 10% SDS: SDS 10g, fully dissolved in 100ml
ultrapure water, and stored at room temperature.

{5} 10% ammonium persulfate (AP): 0.1gAP,
dissolved in 1ml ultrapure water, newly prepared
before use.

{6} Electrophoresis buffer (5x stock solution): Tris
15.1qg, glycine 94g, SDS 5g, ultrapure water 800ml,
after the magnetic stirrer is fully dissolved, adjust the
pH to 8.3, add ultrapure water to bring the volume to
1000ml, Store at 4°C. Take 100ml with ultrapure
water and dilute 5 times when using.

{7} Transfer membrane buffer (10x stock solution):
Tris 58g, glycine 29g, SDS 0.37g, ultrapure water
800ml, after the magnetic stirrer is fully dissolved,
adjust the pH to 8.3, add ultrapure water to bring the
volume to 1000ml, Store at 4°C. When using, take
50ml, add 50ml methanol, and add ultrapure water to
500ml.

{8} 5% skim milk powder blocking solution: 5g
skim milk powder, add 1xTBS buffer solution to
dissolve to 100ml, and store at 4°C.

{9} 5% BSA blocking solution: 59 BSA, add
1xTBS buffer solution to dissolve to 100ml, and store
at 4°C.

{10} Anti-dilution solution: 5% skim milk diluted
antibody Taub, actin, GAPGH, R6ld, Akt, GSK-3B
dilution ratio is 1:1000; 5% BSA diluted antibody
Tau[pS396], Tau[pS214], Tau[pT205], Tau[pT212],
Tau[pT231], Phospho-Akt (Ser473), Phospho-GSK3p
(Ser9), Bcl-2, Bax, Caspase-3, secondary antibody
dilution: 5% skim milk diluted horseradish Oxidase-
labeled goat anti-mouse/rabbit IgG, dilution ratio
1:1000.

Step 1: Sample preparation: According to the
protein concentration of each group of SH-SY5Y cells
measured by the BCA method, add the corresponding
volume of ultrapure water and buffer, adjust the final
concentration of cell protein samples of each group to
2.5ug/ul, and mix well to the water bath Boil in the
pot for 15 minutes to make Westerm blot buffer and
store at 4°C. Boil and mix for 3 minutes before
loading each sample.

Step 2: Preparation of mini electrophoresis gel:
clean the glass plate, comb teeth, and glue maker, dry
naturally, install the glue maker with 1.5mm glue
sheet, keep the two plates flush, check the tightness of
the glue distribution device to prevent leakage glue.
According to the molecular weight of the target

protein, prepare a suitable concentration of separation
gel (10%: Tau protein, Akt, GSK-3B; 15%: Bcl-2,
Bax, caspase-3, GAPDH; 7.5%: NFs), and seal with
ultrapure water After air and glue solidify, pour off
the ultrapure water on the surface, infuse 5%
concentrated glue, and insert comb teeth.

Step 3: Sample addition: After the concentrated gel
is solidified, pull out the comb teeth, put the concave
surface of the glass plate in the electrophoresis tank,
rinse the lanes with electrophoresis solution, use a
pipette to draw the same amount of samples from each
group into each lane, and add the pre-stained protein
Marker2ul on the side lane . The sample load depends
on the sensitivity of the antibody, about 30-60ug.

Step 4. SDS-PAGE electrophoresis:  first
electrophoresis with constant voltage 80V for about
30min. When the bromocool blue indicator is
electrophoresed to the line between the concentration
gel and the separation gel, change to constant voltage
100V electrophoresis for about 60min to bromophenol
blue When separating the bottom of the gel, stop
electrophoresis.

Step 5: Transfer membrane: transfer the protein
from the SDS-PAGE gel to the PVDF membrane. Cut
the PVDF membrane of the same size as the gel, soak
it in formaldehyde, soak it in the membrane transfer
solution with some of the same size filter paper, and
follow the order of positive electrode (white) to
negative electrode (black). Put the upper sponge, three
layers of filter paper, PVDF membrane, gel, three
layers of filter paper, sponge, layer by layer to remove
air bubbles in sequence, buckle the transfer clip, put it
in the transfer tank, make sure that the gel faces the
negative electrode and the film faces positive
electrode. Add cold transfer membrane buffer to the
transfer tank, place the membrane transfer device in
ice water, and turn on the electrophoresis instrument
to adjust the constant current 300mA membrane
transfer time according to the molecular weight of the
target protein.

Step 6: Blocking: PVDF membrane is immersed in
5% skimmed milk powder or 5% BSA blocking
solution, shaken slowly at room temperature for 30
min to block non-specific binding sites on PVDF
membrane.

Step 7: Anti-incubation: seal the PVDF membrane
in a plastic bag of suitable size, add the diluted
primary antibody, remove the bubbles on the surface

Cell Mol Biol

358



Zhang et al./ Liraglutide Nano-Preparation on Neurocognitive Dysfunction, 2022, 68(3): 356-364

of the PVDF membrane, seal the bag, and overnight at
4°C.

Step 8: Wash the membrane with 0.01M pH7.4
TBS or TBST (0.1% Tween20) for 5minx3 times.

Step 9: Secondary antibody incubation: PVDF
membrane is incubated with diluted horseradish
peroxidase-labeled goat anti-mouse or goat anti-rabbit
IgG, and shaken slowly at room temperature for 90
minutes.

Step 10: Wash the membrane with 0.01M
pH7.4TBS/TBST for 5minx3 times.

Step 11: ECL chemiluminescence  color
development: put the PVDF film in the exposure
cassette, add the ECL (A liquid: B liquid = 1:1) mixed
working droplets to the PVDF film, react in the dark
room for Imin, wrap the plastic wrap In the cassette,
cover the film on the upper layer of the PVDF film,
close the exposure box, and the compression time
depends on the antibody binding efficiency. After
removing the film, rinse with developer, water, fixing
solution, and water.

Step 12: Scan the film and analyze the band density
with ImageJ software.

Preparation of Brain Neurocognitive Model
Cognitive Function Test-Morris Water Maze
Experiment

The Morris water maze judges the animal's learning
and memory by observing the animal's behavior. It is
used to study the evaluation of brain function related
to spatial learning and memory. It is the first classic
experiment for conducting behavioral research,
especially learning and memory research. The Morris
water maze is composed of a circular pool with a
diameter of 120cm and a height of 50cm. It is divided
into 4 quadrants, each quadrant is provided with a
water point mark, and a rough surfaced transparent
platform with a diameter of 6¢cm and a height of 30cm
is set in the third quadrant. The water depth in the
pool is 25cm, the water temperature is controlled at
21~22°C, and an automatic camera system is installed
above the pool. The water labyrinth experiment
includes the directional navigation experiment and the
space exploration experiment, which were conducted
for 5 days. (1) Directional navigation experiment: for
4 days, it mainly detects the ability of mice to obtain
spatial information. Training 4 times a day, from 9:
00-11: 00 in the morning, put the mice into the water

from the four quadrants into the water wall, record the
time to find the platform (escape latency) within 60
seconds, and let the mouse in Stay on the platform for
10 seconds. Those who failed to find the platform or
climbed to the platform after more than 60 seconds,
gently guided it to the platform with a wooden stick
and stayed for 10 seconds, setting the time for finding
the platform to 60 seconds. Take the average value of
the measurement results of each mouse 4 times as the
escape latency of the mouse that day, and record the
swimming speed of each mouse. The shorter the time
required to find the platform, the better the ability to
obtain spatial information. (2) Space exploration
experiment: for a period of Id, it mainly evaluates the
ability of mice to remember the spatial location of the
platform. After 24 hours of the directional navigation
test, the platform was dropped, and the mouse was
placed into the water facing the tank wall at the same
water inlet point. The swimming path of the mouse in
60 seconds was recorded, the number of crossings of
the mouse on the original platform and the third
guadrant activity were recorded. time. Record related
data and image results through Morris water maze
data collection and analysis software.

Sd Mouse Was Established with Reference to the
Modified Longa Thread Suppository Method to
Establish a Neurocognitive Model of the Brain
Specific steps:(1) Fasting for 12 hours before
operation and weighing.(2) 10% chloral hydrate is
anesthetized by intraperitoneal injection at 30-
35mg/kg kg body weight.(3) After the anesthesia is
successful  (muscle relaxation, corneal reflex
disappearance, pain and irritation does not respond),
fix the mouse in the supine position on the operating
table. Prepare the skin for disinfection, cut the skin
along the middle of the neck, and the subcutaneous
tissue is blunt Separation, separating the right
common carotid artery, external carotid artery,
internal carotid artery, ligating the proximal end of the
common carotid artery and the distal end of the
external carotid artery, the arterial vascular clip clips
the distal end of the internal carotid artery, and the
proximal end is divided Leave a line at the fork to
spare. Cut a small slit in the common carotid artery
and insert a nylon thread plug. When the thread plug
enters the internal carotid artery, remove the vascular
clamp and slowly insert it. When the distance from the
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common bifurcation of the neck is 18+0.5mm (just
feel the resistance), tighten it for use Wire fixing wire
bolt. Suture skin incision and disinfect. Keep warm
after surgery.

Neurological Score

The neurological function score of SD male aging
mice is mainly based on the score scale of the
percentage system:0 points: normal, without
symptoms of neurological deficit; 20 points: the
contralateral front paw cannot be fully extended; 40
points: the resistance decreases when applying force
to the opposite side of the operation; 60 points:
turning to the opposite side of the operation when
walking Eighty points: Pour to the opposite side of the
operation when walking; One hundred points: Can't
walk and lose consciousness, no response to pain
stimuli. Mice in each group were scored for
neurological deficit 24 hours after cerebral ischemia.
Mice with scores of 0, 100, and dead were excluded,
and randomly remodeled. The old mice in each group
were scored and recorded for analysis.

Staining to Measure Cerebral Infarction Volume

The volume of cerebral infarction was measured by
2,3,5-chlorine 0 staining method with no recognition
result. Six animals from each group were randomly
selected and scored for neurological deficit at 24h of
cerebral ischemia. After decapitation, the brain was
removed by anesthesia (taken on ice) and immediately
placed in a refrigerator at -20°C for about 10 minutes
and cut along the coronal position. 5 pieces, about
2mm thick. Place in 2% TTC buffer, incubate at 37 °C
in tin foil paper in the dark for 30 min, remove the
brain slice and fix it with 4% paraformaldehyde for 24
h, then take a picture, and use the ImageJ software to
determine the volume of cerebral infarction.

Superoxide Dismutase (SOD) and Myeloperoxidase
(MPO) Activity Detection

The remaining 6 old mice in each group were
decapitated and the brains were collected. The brain
tissue was stored in a refrigerator at -80 °C and taken
at any time. Take brain tissue of the same quality, add
4% 0.9% Nacl at 1:9, homogenize to make 10% tissue
fluid, centrifuge (4000 rpm, 10min), and then take the
supernatant. Follow the instructions of SOD and MPO
kits.

Organizing Specimen Collection and Processing

After the cognitive function test was completed, 6
mice from each group were taken off the neck and
sacrificed. The chest cavity was opened and the
venous cannula was inserted from the left ventricle to
the ascending aorta. The right atrial appendage was
cut, and about 300 ml of 4°C normal saline was
quickly infused. When the outflow of blood became
clear, replace with about 500 ml of formalin solution,
and then perfuse and fix it for about 20 minutes, then
separate the intact brain tissue on the ice. After the
brain was taken out and put into formalin solution for
fixation overnight, it was dehydrated by gradient
alcohol, xylene was transparent, and low-melting
paraffin was embedded. Paraffin block is oriented
sliced, thickness is 4um, placed on polylysine-coated
glass slide, baked in a 56°C incubator for 2h, stored at
room temperature, used for HE staining, Nessler
staining and immunofluorescence staining. After the
remaining mice in each group were taken off the neck
and sacrificed, the hippocampus was quickly taken out
on the ice. Part of the hippocampus was stored at -
80°C, which was used for Western blotting and Real-
time RT-PCR detection. Aldehyde fixation, used for
transmission electron microscopy.

Basic Properties of Liraglutide

Liraglutide can resist AD-like neurodegeneration
induced by H202, and its mechanism may improve
cell survival, inhibit apoptosis, and improve abnormal
phosphorylation of Tau protein and NFs in nerve cells
by activating PI3K-AKt signaling pathway. Play a
neuroprotective role. On this basis, liraglutide can also
lower blood sugar and improve insulin resistance, as
well as reduce body weight, body mass index,
diastolic blood pressure and triglycerides, total
cholesterol, low-density lipoprotein index levels,
which may indirectly delay neurocognitive function
Obstacles to development.

Determination of Apoptosis in Neurocognitive
Function

{1} The human umbilical vein endothelial cells
with different treatments were fixed in 10%
formaldehyde solution for two days, followed by
multi-step dehydration and paraffin embedding
treatment. The processed wax block is continuously
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sliced under a microtome, and the thickness of each
piece is 2um.

{2} The slices were gradually dehydrated with
gradient ethanol, and then rinsed with PBS solution 3
times, at least 5 minutes each time.

{3} Use 20 pg/mL proteinase K solution to digest
at 37 degrees for 15 minutes, then rinse with distilled
water 3 times, at least 5 minutes each time.

{4} Preheat the slices in an oven with a temperature
of 60 degrees, take them out at room temperature for
40 minutes, soak them in 3% hydrogen peroxide for
15 minutes, and then rinse them with PBS solution 3
times for at least 5 minutes each time.

{5} Wipe the slice clean with absorbent paper, add
50uL of the labeled reaction solution in the middle of
the slice, place it in a 37-degree wet box, and then
rinse with PBS solution 3 times for at least 3 minutes
each time.

{6} S0uL.POD was added dropwise in the middle of
the slice, placed in a 37 degree wet box for half an
hour, and then rinsed with PBS solution 3 times, at
least 5 minutes each time.

{7} Add 100pLDAB dye solution for color
development, and observe the color development of
the section under the microscope.

{8} Counterstain with hematoxylin for two
minutes, add ammonia to quickly turn blue.

{9} Observe the slice result under the microscope
after dehydration, transparency and drying.

{10} Calculate the apoptotic index of umbilical
vein endothelial cells: select three different fields of
view under a microscope of 400 times, and count the
total number of umbilical vein endothelial cells and
the number of apoptotic cells, of which the nucleus of
apoptotic cells is brownish yellow, Normal cells are
stained blue. Apoptosis index (Al) = (apoptotic
umbilical vein endothelial cells/total umbilical vein
endothelial cells) * 100%.

Results and Discussion
Behavioral Examination after Injecting Liraglutide
into The Brain of Aged Mice

Twelve weeks after injecting liraglutide, we used
the Morris water maze to test the cognitive function of
aging mice in each group. In the directional
navigation experiment, the incubation period from the
time when the mouse entered the water to find the
hidden escape platform was selected as the evaluation

index. The results showed that the incubation period
of the old mice in the simple irradiation group (R
group) during the 5 days of the directional navigation
experiment was significantly longer than that of the
control group (C group). After injecting liraglutide,
compared with the R group, the incubation period of
mice in the R+GFP-NSCs group and R+GFP-BDNF-
NSCs group to find the hidden platform was not
significantly shortened. The specific image is shown
in Figure 2. In the space exploration experiment, the R
group, R+GFP-NSCs group and R+GFP-BDNF-NSCs
group mice stayed in the target quadrant as a
percentage of the total time was significantly lower
than the control group, as shown in Figure 3. These
results indicated that aged mice showed significant
cognitive dysfunction after 16 weeks of 20Gy whole
brain irradiation, but the transplantation of GFP-NSCs
and GFP-BDNF-NSCs failed to effectively improve
the cognitive function of aged mice exposed to
radiation.

—o—C R R+NSCs R+BDNF-NSCs

100/00
Z 80/00 A &
> - =
S o0 O O\ 7T >y
= N\
3+
3 40000 \9/

20/00

0/00

1 day 2 days 3 days 4 days 5 days
Experiment days

Figure 2. Comparison of 4 groups of experiments after 5
days of old mice

wC @R
100/00

80/00

OR+NSCs  L@R+BDNF-NSCs
60/00
[
40/00 Y

o o) 1 v E

2weeks 4 weeks 6weeks 8weeks 12 weeks
Week of experiment

Time in target
quadrant
N,
Y

Figure 3. Comparison of 4 groups of experiments after 12
weeks of old mice

Effect of Liraglutide on Learning and Memory
Abilities of Aged Mice

The positioning navigation experiment was carried
out for 4 consecutive days, and each old mouse was
subjected to four rounds of experiments every day.

Cell Mol Biol

361



Zhang et al./ Liraglutide Nano-Preparation on Neurocognitive Dysfunction, 2022, 68(3): 356-364

Each round of experiments put the mice into the water
from the water inlet points of the four quadrants to the
wall of the pool. Each round of the experiment was
conducted for 90s, and the old mice were recorded.
The time to find the platform (escaping incubation
period). If the platform is not found within 90s of the
old mouse, the experimenter should guide the mouse
to the platform and let it stay for 10s. The escape
incubation period of the mouse is recorded as 90s.
Record the time to find the platform and the
swimming trajectory of the old mice in 4 rounds of
experiments. The longer the incubation period, the
worse the learning ability of the mice. The specific
experimental data is shown in Table 1, the specific
analysis image of the escape latency is shown in
Figure 4, and the specific analysis image of the total
swimming distance is shown in Figure 5.

Table 1. Results of the positioning navigation experiment
of the old mice in each group

Total swimming

Group Escape latency (s) distance (cm)
Blank control group 21.99+3.21 898.2+45.81
Model group 31.7545.21 1101.5+114.85
Positive drug group 35.26+7.72 987.5+63.22
Liraglutide low-dose group 52.51+3.58 856.2+56.47
Liraglutide mid-dose group 55.84+5.48 998.3+43.63
Liraglutide high-dose group 56.49+5.38 902.5+36.74

Liraglutide high-dose group
Liraglutide mid-dose group

I
]
Liraglutide low-dose group I
Positive drug group IEEEE———
I

Model group

Group classification

Blank control group s = Escape latency (s)

o

20 40 60
Attribute value

Figure 4. The escape latency of each group after 4 days of
experiment

= Total swimming distance (cm)

Liraglutide high-dose group
Liraglutide mid-dose group
Liraglutide low-dose group

Positive drug group
Model group
Blank control group

Attribute value

Group classification

Figure 5. The total swimming distance of each group after
4 days of experiment

Compared with the blank group, the mice in the
model group found that the escape latency was
significantly prolonged (P<0.01), and the total
swimming distance was significantly increased
(P<0.01); compared with the model group, the mice in
the positive drug, liraglutide, and high-dose groups
escaped The incubation period was shortened
(P<0.05), and the total swimming distance was
reduced (P<0.05, P<0.01).

Changes in Mice and Body Weight and Serum TG,
CHO, LDL

By testing the blood biochemical indexes of the
three groups of model mice, we can see that the
weight of the model group mice, the level of
triglycerides in the blood, the level of total cholesterol
and the value of LDL are the highest, which is
statistically compared with the blank group
Significance (P<0.05). In contrast, although the
weight of the old mice in the liraglutide group, the
level of triglyceride in the blood, the level of total
cholesterol and the value of LDL were also higher
than the blank group, but compared with the model
group, it was reduced, It is statistically significant
(P<0.05), as shown in Table 2.

Table 2. Changes of TG, CHO and LDL in the body and
serum of aged mice

Index Blank Model Liraglutide F value P value
group(n=15) group(n=15) group(n=15)

Weight (g) 7.12+43.82 761.14+82.11 743.24+71.35 41.242 <0.002

TG(mmol/L) 3.79+0.36 1.39+0.24 1.21+0.314 24.934 <0.002

CHO(mmoVL) 6.54+0.84 2.16+0.43*  1.63+0.38 15.345 <0.002
LDL(mmoVL) 552+0.36  1.28+0.23* 0.78+0.264 54.575 <0.002

Conclusions

In this study, for the first time after adding
liraglutide whole brain irradiation to aged mice with
cognitive dysfunction, changes in dendritic spine
density and morphology in different brain regions of
the hippocampus over time, dendritic spine density
and morphology were detected The changes may be
related to the decreased expression of synaptic-related
proteins after ionizing radiation, which provides a
morphological basis for the study of the pathogenesis
of radiological cognitive dysfunction. In different
grouping states, the hippocampus and prefrontal
cortex of mice have different powers. First, under the
non-task baseline state, the power spectrum of the
prefrontal cortex and hippocampus found that there
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was a difference in physiological characteristics
between the prefrontal cortex and hippocampus before
and after modeling. Second, the intra-group
comparisons of mice before and after modeling were
performed, and the power spectra of normal mice in
the spatial and non-spatial memory stages and mice in
the spatial and non-spatial memory stages were
calculated, respectively, and the spatial and non-
spatial task states were found. The power spectrum of
the old mouse hippocampus in a specific frequency
band is significantly increased, and the mouse is
significantly reduced; that is, the spatial and non-
spatial mission states of the old mouse hippocampus
and prefrontal cortex Theta and Gamma rhythm
power spectrum are significantly increased compared
with the non-mission state. ; But after cognitive state,
showed a corresponding decrease. Third, the old mice
before and after modeling were compared between
groups, and the results showed that the hippocampus
was mainly involved in space tasks, and the prefrontal
cortex was mainly involved in non-space tasks; that is,
compared with no entry, the old mice under the space
task, hippocampus The power spectrum of the Delta,
Theta, and Gamma bands of the Delta, Theta, and
Gamma bands of the prefrontal cortex decreased
significantly.
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