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Background: Alzheimer’s disease (AD), the most prevalent neurodegenerative
disorder, is characterized by amyloid-beta (AB) plagque accumulation,
neurofibrillary tangles, neuronal death, inflammation, and oxidative stress.

Aim: We investigated the effects of treadmill exercise and intranasal insulin on
spatial memory, blood glucose level, and Physical growth indicators
including weight, head circumference, and tail length.

Materials and Methods: Seventy-two male Wistar rats, aged 8 weeks were into
9 gtoups at random (control, Sham, AB, AB + EX, AB +PINS, AB + INST, AB +
EX + PINS, AB + EX + INST, and AB + EX + PINS + INST). We discovered that
rats receiving AB25-35 had impaired spatial memory, which was associated
with weight loss, brain growth retardation, Tail Length, and elevated blood
glucose levels. Data from each trial was statistically analyzed using IBM SPSS
Statistics 22 software, Two-way ANOVA, and post-hoc analysis Tukey test.
The cut-off for statistical significance was P<0.05.

Results: Our results show that the improvement of spatial memory due to the
improvement of metabolism and growth indicators can be affected by pre-
treatment exercise and intranasal insulin. Also, exercise training and
intranasal insulin improved spatial memory and prevented brain growth
retardation, increased blood glucose, weight loss, and tail length in animals
treated with AB2s.3s.

Conclusion: Exercise can amplify the positive benefits of intranasal insulin
treatment on memory. The results of our research showed that exercise and
insulin can prevent brain growth retardation and prevent spatial memory
disorders by improving glucose metabolismy.
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Moderate exercise and insulin in combination protect against brain growth retardation and weight loss ...

1. Introduction

Alzheimer's  disease @ (AD) is a
neurodegenerative  condition that s
associated with aging and is considered to
be one of the most common problems to
public health all over the world [1]. AD is
typified by the build-up of
hyperphosphorylated tau (p-tau) protein
and B-amyloid (AB) peptide in the brain,
which eventually results in synaptic loss
and cell death. Progressive cognitive
decline, including memory loss, brain
growth retardation, and impairment of
higher executive functions, is a hallmark of
AD clinical manifestations. However, there
are currently no viable pharmaceutical
treatments for AD, despite a plethora of
knowledge regarding the origin of the
disease [2, 3, 4]. Unintended weight loss
may indicate preclinical AD years before
clinical symptoms appear. AD patients who
lose weight have worse cognition signs and
faster clinical deterioration [5].

There is still scant and inconsistent data
to support a link between body weight and
dementia risk. Numerous studies have
demonstrated that dementia is preceded by
weight loss. Additionally, weight loss has
been observed both at the time of diagnosis
and as the dementia worsens [6].

The studies showed that AD is
connected with brain shrinkage and
cognitive impairment, and it also has a
tendency to hasten the loss of lean mass [7].
Obesity increases inflammation and insulin
resistance. According to recent research,
AD may be a metabolic illness linked to
abnormalities in the brain's metabolism of
glucose [8]. In actuality, brain growth
retardation and cognitive impairments are
linked to abnormalities of glucose
metabolism [9].

Since AD research began, metabolic
reasons have been a priority. In an

Alzheimer's disease model, a high-fat diet
can produce metabolic dysfunction, which
increases amyloid beta aggregation and
cognitive dysfunction [10]. Metabolic
illnesses including type 2 diabetic mellitus
(T2DM) and AD share many similarities
[11]. This condition is characterized by
inflammation, oxidative damage, and
abnormal insulin signaling. High-fat diets
and obesity worsen peripheral
inflammation in T2DM, which causes
cellular stress and insulin resistance.
Amyloid beta activates microglia and
astrocytes in AD, causing central nervous
system (CNS) inflammation and insulin
resistance. This contributes to synaptic
degeneration and cognitive decline in
T2DM. Caloric restriction (CR) delays age-
related disorders including Alzheimer's.
This is likely related to enhanced metabolic
function, including lower pro-inflammatory
cytokines, insulin sensitivity, and belly fat
mass [11, 12]. Any action that delays the
start of this condition can be quite
beneficial, given how common it is.

The current guidelines recommend that
non-pharmacological interventions should
be performed first, followed by the lowest
drug dose and for a short period of time,
pharmacological interventions should be on
the agenda. Among the  non-
pharmacological interventions, physical
activity is a promising option.

According to research conducted on
cognitively  normal  older  persons,
maintaining a healthy level of physical
fitness may be able to counteract the
structural and functional changes that occur
in the brain as a natural part of the aging
process [13, 14]. Exercise seems to
stimulate neurogenesis in the brains of both
humans and animals [15]. Aerobic exercise,
in particular, appears to inhibit both global
and regional brain growth retardation,
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which results in an increase in effectively
increased brain volume [16]. In older
individuals with great aerobic ability, there
is relatively minimal evidence of brain
structural atrophy [13]. Performing aerobic
activity over six months results in an
increase in the volume of the hippocampus,
frontal lobe, and temporal lobe [17].
According to these results, there is a chance
that aerobic exercise can prevent brain
growth retardation [17].

Insulin has been suggested as a
potential therapeutic treatment for AD due
to the presence of insulin resistance in the
symptoms of the disease. In late-onset
Alzheimer's disease (LOAD), in addition to
being related to brain atrophy and dementia,
age-dependent concurrent decrease of
insulin and IGF is also associated with these
symptoms [8].

Considering the documented roles of
insulin and exercise in the mechanisms of
synaptic plasticity and memory formation,
to identify therapeutic methods that can be
used before the onset of AD, we decided to
evaluate the effect of exercise and insulin
on growth indicators, spatial memory, and
glucose metabolism.

2. Materials and Methods

2. 1. Animals

Seventy-two male Wistar rats, aged 8
weeks, were purchased from the Animals

AP Injection

Center of Royan Institute of Iran. The rats
were housed in groups of three per cage in
animal houses with a 12-hour light/dark
cycle, with lights on at 7 a.m. and off at 7
p.m. They had free access to food and
water. The animals were randomly divided
into nine groups, each consisting of eight
rats: (1) healthy control (control), (2) Sham,
(3) Alzheimer's disease (AB), (4)
Alzheimer's disease with treadmill exercise
(AB + EX), (5) Alzheimer disease with
pretreatment insulin (A +PINS), (6)
Alzheimer's disease with insulin treatment
(AP + INST), (7) Alzheimer disease with
treadmill exercise and pretreatment insulin
(AP + EX + PINS), (8) Alzheimer disease
with  treadmill exercise and insulin
treatment (Af + EX + INST), and (9)
Alzheimer disease with treadmill exercise,
pretreatment insulin, and insulin treatment
(Ap + EX + PINS + INST). In order to
minimize the number of animals used and
reduce their suffering, every possible effort
was made.

The University of Tehran's Ethics
Committee on the Use of Animals
authorized all studies after ensuring that
they were conducted in compliance with the
National Institutes of Health's (NIH) Guide
for the Care and Use of Laboratory
Animals. Figure 1 shows a study design in
our research.
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Figure 1. The study design of the experimental protocol. Bilateral intravenous administration of Ap (10 pg/rat)/
saline was performed on the animals. Every group was provided with customized training and treatment plans.
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2. 2. AB (25-35) preparation and intra-
cerebroventricular injection

To induce AD, AP25-35 peptide was
administered. To allow peptide
fibrillization and aggregation associated
with toxicity to occur, an APzs.35 peptide
(Tocris-131602-53-4, Bristol, UK) was
incubated in sterile saline at a concentration
of 5 pg/L at 37°C for 72 hours. After
incubation, the peptide was stored at a
temperature of -20°C until it was used [18].
After being anesthetized with ketamine and
xylazine (70 vs. 10 mg/kg body weight), the
rats were placed on a stereotaxic frame. A
stainless steel guide cannula (23G, 9 mm
length) was bilaterally implanted in the
intra-cerebroventricular region (ICV: AP: -
0.08, ML: 1.5, DV: 3.5 mm) [18]. The open
field work was completed one week later.
Bilateral intracerebral injections of saline or
AP2s3s (10 pg/rat) were administered to
both the sham-operated and the Ap-treated
groups using a 25 mL syringe and an
injection needle with a gauge of 27 [19].

2. 3. Treadmill exercise protocol

Before beginning treadmill training, the rats
got used to their new environment on the
treadmill by walking for 10 min a day, five
days a week, at a pace of 5 m/min. The
exercise regimen was performed five days a
week on a 0% gradient from 9:00 AM to
16:00 PM for a duration of four weeks [20].
During the first and second weeks, the rats
ran for 30 min per day (2x15-min sessions)
at a pace of 10 m/min. To avoid muscle
fatigue, 5 min of inactive rest were
permitted in between sessions. Over the
next few weeks, both the duration and the
intensity of the exercise grew steadily. For
instance, the rats ran for 45 min a day
(3x15-min sessions), at a pace of 15 m/min
during the third week. In the fourth week,
the rats ran for 60 min a day at a pace of 15
m/min  (4x15-min sessions). The rats

received a little shock during training, with
an intensity of 0.5 milliamperes, which did
not put the animal through excessive stress.
This was done to incentivize the rats to run

nonstop [21].

2. 4. Intranasal insulin administration
Sigma brand human insulin with number
1342106 manufactured in the United States
of America was prepared for intranasal
used. The intranasal insulin dosage that
markedly enhanced memory functions was
determined to be (2 IU) in a prior
investigation [22]. The rats were held by the
backs of their necks and had their heads
pulled back with a pad while an Eppendorf
pipette was used to inject insulin into each
nostril. Rats in the AB+PINS and
AB+EX+PINS groups were given insulin
for 14 days prior to beta injection, 14 days
following beta injection in the AB+INST
and AB+EX+INST groups, and 28 days
total (14 days prior to and 14 days
following) after the 2 IU beta injection in
the AB+EX+PINS+INST group.

2. 5. Measurement of weight, head
circumference, and tail length of the rat

To evaluate and measure physical
indicators, weight, and tail length and head
circumference of rats were measured and
recorded at the beginning of each week. A
scale was used to measure the weight index,
and a caliper was used to evaluate the tail
length and head circumference of rats.

2. 6. Behavioral assessment

The researchers used the Morris water maze
to assess spatial learning and memory in
rats. The width of the pool was 150 cm and
its height was 90 cm, and the water
temperature was between 25 and 35°C. A
10 cm Plexiglas platform was 1 cm below
the water in the center of the south-east
quadrant (target quadrant) of this pool. Four
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days of four-trial blocks assessed spatial
learning. Each experiment started with a
random animal implanted in the pool wall at
one of the four quadrants. Animals had 60
sec to find concealed platforms. Rats that
found the platform within 60 sec were
permitted to relax for 20 sec, while those
that didn't were escorted there. The probing
test was 24 hours after acquisition. Each rat
was given 60 sec to swim freely in the
quadrant opposite the objective once the
platform was removed from the water. Time
in the target quadrant determined spatial
memory. One hour following the last
probing test, rats' visual-motor coordination
was tested with a visible platform task with
four trials. Bright aluminum foil covered
the platform, which was 1.5 cm above the
water and situated in the southwest
quadrant of the map opposite the target. In
all trials, rat swimming speed and platform
search time and distance were measured. In
probing testing, the Ethovision tracking
device (version 11.5, Noldus, Netherlands)
measured the target zone traveled distance

[23].

2. 7. Glucose level measurement

EasyGluco blood glucose meter made in
South Korea was used to evaluate blood
glucose level. A nocturnal fasting glucose
level was determined using blood samples
drawn from the tail between 8:00 and 8:30
a.m. on three separate occasions (one week
following adaptation, one week following
the conclusion of the intervention program,
and one week following the A injection).
The blood's glucose content was determined
using a glucose meter.

2. 8. Statistical analysis

Data from each trial was statistically
analyzed using IBM SPSS Statistics 22
software, Two-way ANOVA, and post-hoc
analysis Tukey test. The cut-off for

statistical significance was P<0.05. Data
was analyzed using two-way repeated
measures ANOVA with time as the within-
subjects component and  treatment
(different groups) as the between-subjects
factor to ascertain the differences between
each week. One-way analysis of variance
was used to evaluate spatial memory
performance on the probe day.

3. Results

3. 1. Weight

Statistical analysis showed a significant
difference between the groups in the
seventh week of measurement, 21 days after
AP injection (F(48,378)= 6.91, P=0.0001).
Tukey's multiple comparison tests showed
that the group that received AP injection
had less weight after injection compared to
treatment groups (P<0.0001). Also, groups
that received exercise, exercise with insulin
pretreatment, or a combination of both did
not experience weight loss compared to the
AP group [AB+EX (F(48,378)= 6.91,
P=0.0007), APB+EX+PINS (F(48,378)=
6.91, P=0.004), and AB+EX+PINS+INST
(F(48,378)=6.91, P=0.002). Figure 2].

3. 2. Rat head circumference

Statistical analysis showed a significant
difference between the groups in the
seventh week of measurement, 21 days after
AP injection (F(48,378)= 3.07, P=0.0001).
Tukey's multiple comparison tests showed
that the group that received AP had a
significant decrease in the distance between
the two ears, which is an indicator of rat
head circumference measurement
(P<0.0001). The difference between
AB+EX (F(48,378)= 3.07, P=0.0007),
AB+EX+PINS (F(48,378)=3.07, P=0.004),
and AB+EX+PINS+INST (F(48,378)=
3.07, P=0.002) and AP groups was evident.
The results were shown in Figure.3.
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Figure 2. Weight measurement. According to the collected data, there were significant differences between the
groups in the weight. Results are shown as mean + SEM (N= 8 in each group).
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Figure 3. Rat head circumference measurement. According to the collected data, there were significant
differences between the groups in the weight. Results are shown as mean = SEM (N= 8 in each group).

3. 3. Rat tail

Statistical analysis showed a significant
difference between the groups in the forth,
fifth, sixth, and seventh weeks of
measurement (F(48,441)= 1.5, P=0.02).
Tukey's multiple comparison tests showed
that in the fourth week, the groups AB+EX,
AB+EX+PINS, and AB+EX+PINS+INST
significantly had longer tail lengths than the
AP group [AB+EX (F(48,441)= 1.5, P=
0.04), AB+EX+PINS (F(48,441)= 1.5, P=
0.01), and AB+EX+PINS+INST
(F(48,441)= 1.5, P= 0.004)]. In the fifth
week, the groups AB+EX, AB+EX+PINS,
AP+EX+INST, and AB+EX+PINS+INST
significantly had longer tail lengths than the
AP group [AB+EX (F(48,441)= 1.5,
P=0.005), AB+EX+PINS (F(48,441)= 1.5,

P= 0.0004), AB+EX+INST (F(48,441)=
1.5, P=0.003), and AB+EX+PINS+INST
(F(48,441)= 1.5, P<0.0001)]. In the sixth
week, the groups AB+EX, AB+EX+PINS,
AB+EX+INST, and AB+EX+PINS+INST
significantly had longer tail lengths than the
AB  group [AB+EX  (P=0.0001),
AB+EX+PINS (P<0.0001), AB+EX+INST
(P=0.0001), and APB+EX+PINS+INST
(P<0.0001)]. In the seventh week, the
groups AB+EX, AB+EX+PINS,
AB+EX+INST, and AB+EX+PINS+INST
significantly had longer tail lengths than the
AP group [AB+EX (F(48,441)= 1.5,
P<0.0001), AB+EX+PINS (F(48,441)=1.5,
P<0.0001), AB+EX+INST (F(48,441)=1.5,
P=0.0002), and APB+EX+PINS+INST
(F(48,441)= 1.5, P<0.0001), Figure 4].
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Figure 4. Rat tail measurement. According to the collected data, there were significant differences between the
groups in the weight. Results are shown as mean + SEM (N 8 in each group).

3. 4. Glucose

The statistical analysis revealed significant
differences between the groups in the level
of glucose in different time (F(8, 126)=
4.86, P= 0.0001). Post hoc Tukey multiple
comparison tests were performed at times 3
and revealed that the group that received A
injections had significantly greater level of
glucose (P< 0.0001). Also, the groups that
received exercise, insulin treatment or a
combination of both methods showed lower
blood glucose levels than the AP group
[AB+EX (F(8, 126)= 4.86, P=0.02),
AB+INST (F(8, 126)= 4.86, P=0.01),
AB+EX+PINS (F(8, 126)= 4.86, P=0.043),
AB+EX+INST (F(8, 126)= 4.86, P=0.04),
and AP+EX+PINS+INST (F(8, 126)=4.86,
P=0.007, Table 1].

3. 5. Spatial memory

On day five of the probing test, the capacity for
spatial memory was evaluated. The Traveled
distance in the targeted quadrant varied
significantly between the groups, according to
one-way ANOVA results (F(8, 63)=18.19, P<
0.0001). The distance traveled in the target
quadrant was greater among the intervention
groups than the group that received AP
[AB+EX (F(8, 63)= 18.19, P=0.0004),
ABHEX+PINS (F(8, 63)= 18.19, P=0.01), and
ABHEX+PINS+INST (F(8, 63)= 18.19,
P=0.000, Figure 5].

4. Discussion
Results show impaired spatial memory in
rats three weeks post-Af25-35 injection
compared to vehicle or control injections.
MWM test results showed a decrease in
targeted zone traveled distance. AD causes
a steady deterioration in cognitive
functions, particularly recollection and
learning [24]. This work utilized an
established model using intra-
cerebroventricular injection of AP2s-3s
fibrils. This impacted the rats' spatial
memory in the MWM test 21 days
following the treatment, confirming and
expanding prior observations [25]. Memory
impairment mediated by Ap2s-ss is related
with aberrant cerebral glucose metabolism,
mitochondrial dysfunction and oxidative
stress [26]. In animal models of AD,
exercise and insulin increases neurotrophic
factors, which promote neurogenesis,
synaptic plasticity, antioxidant capacity,
and angiogenesis. This may help AD
sufferers' cognition and memory [27, 28].
Additionally, it appears that insulin
signaling affects memory through other
signaling pathways in the brain, specifically
in the hippocampus. Therefore, insulin may
act through different signaling pathways in
addition to its effects on boosting
metabolism and enhancing glucose
absorption [29].
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Table 1. Blood glucose levels (mg/DL). According to the collected data, there were significant differences
between the groups in the level of glucose in time 3. Results are shown as mean = SEM (N= 8 in each group).

Groups Time 1 Time 2 Time 3
Control 70.37+2.86 73.37+2.3 75.37+2.59
Sham 70.87+2.16 72.37+1.61 76.87+0.93
AP 71.37+2.2 72.34+1.59 101.01+2.52
AB+EX 71.12+1.81 75.75+1.44 86.87+2.61 *
AB+PINS 72.5+1.89 71.62+1.67 88.62+2.62
AB+INST 69.87+2.4 73.12+1.64 87.12+2.08*%
AB+EX+PINS 71.5+2.77 77.12+1.1 87.87+2.45#
AB+EX+INST 73.75+2.49 72.62+2.44 88+2.57%
AB+EX+PINS+INST 76.5+1.59 70.75+1.34 84.87+2.45 #
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Figure 5. Test of MWM. Nine groups of adult Wistar rats were created at random. Spatial memory
effects of ICV-Ap/Saline dosing The MWM parameters for the several groups on the probing
day were displayed. Probe trial: In comparison to the group serving as the control, the AP group's
performance was subpar. Despite this, traveled distance in the target zone significantly increased
in the AB+EX, AB+EX+PINS, and AB+EX+PINS+INST groups (P< 0.0001). The AP impact
appears to have been reversed by EX and intranasal INS therapy. Results are shown as mean *

SEM (N= 8 in each group).

Changes in glucose metabolism could
be one of the possible mechanisms
explaining the combined effects of insulin
and exercise [30]. AP aggregation is
associated with hypometabolism, and
intranasal insulin therapy enhances glucose
uptake in the hippocampus, according to
previous reports. These findings suggest
that insulin influences memory by changing
glucose metabolism [31]. Running has also
been shown to increase hippocampus
glucose metabolism in  AD-modeling
APP/PS1 mice, which in turn improves the
mice's cognitive performance.

Additionally, it has been demonstrated that
physical activity increases the amount of
insulin receptors in the hippocampal
synaptic membrane, hence enhancing
hippocampal insulin signaling [32].

Also, the tail length and head
circumference of the animals with exercise
and insulin intervention were higher than in
the amyloid group.

In  this regard, our findings
demonstrated that receiving amyloid raises
blood glucose levels, and exercise and
insulin prevent this rise in blood glucose by
improving glucose metabolism. While
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inactivity increases the risk of developing
neurodegenerative  diseases  including
Parkinson's and Alzheimer's, exercise
improves cognitive function, attention
processing, learning, and speed memory
[33]. Exercises focus on particular regions
of the brain, including the hippocampus,
medial temporal cortex, and prefrontal
cortex. Regular exercisers in their senior
years have larger brain sizes in these neural
networks [34]. Proteins involved in
mitochondrial ~ biogenesis,  antioxidant
enzymes, antiapoptotic proteins, and
neurotrophic factors are just a few of the
proteins whose expression is increased by
regular exercise.

Crucially, GLUT3 expression is
upregulated by the neurotrophic factor
BDNF,  which  stimulates  energy
metabolism [35]. Similar to the signaling
pathway triggered by insulin, exercise also
activates the intracellular  signaling
pathway, which results in the translocation
of proteins like GLUT4 from the
intracellular compartment into the plasma
membrane [36].

Brain growth retardation appears to be
linked not just to the energy used during
physical exercise. but also to the body's
overall energy metabolic rate. A correlation
was found between the volume of the brain
and the basal metabolism in a study that
included prosimians, anthropoid apes, and
humans [37]. The brain growth retardation
progression might be influenced by basal
metabolic rate (BMR).

It is often recognized that as people age,
their basal metabolism lowers. As a result
of a decrease in basal metabolism, the loss
of skeletal muscle that occurs with
advancing age may be a risk factor for the
progression of brain growth retardation.
When it comes to the aged, a decrease in
basal metabolism may be compensated for

by engaging in physical activity [38].
Obesity and metabolic syndrome contribute
to brain growth retardation. Obesity and
metabolic syndrome improve with exercise.
A cross-sectional study reveals that
physical activity prevents obesity and
causes the  brain  volume-activity
association [39, 40]. Exercise and insulin
boost cognitive function, although the
mechanism is unknown. Because metabolic
alterations occur before amyloid plaques
and tangles-enriched neurodegeneration,
AD may be a metabolic condition. AD goes
beyond neurodegeneration [41]. Increased
metabolic rate may be accompanied by
higher calorie consumption and prevent
compensatory increase in fat tissue. This
suggests that metabolic problems are
present in the 3xtg AD mice model before
AD symptoms such brain amyloid plaques.
These metabolic abnormalities may cause
AD [41]. The improvement of spatial
memory and the appropriate use of glucose
are significantly influenced by insulin
signaling.

One of the main features of AD
pathogenesis is oxidative damage; from the
very beginning of the disease, patients
exhibit high levels of oxidative stress
indicators and reduced antioxidant capacity.
Despite the fact that the production of
reactive oxygen species (ROS) is essential
for optimal cell function, it has been
established that excessively high levels of
ROS have been associated with DNA
damage and neurodegeneration [42]. This is
because they lead to an increase in the
production and accumulation of A, as well
as the induction of hyperphosphorylated
and aggregated Tau proteins. This, in turn,
leads to mitochondrial dysfunction and
further ROS production, creating a vicious
cycle. One of the cues that have been shown
to either up- or down-regulate the amounts
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of microRNAs implicated in the
pathophysiology of AD is oxidative stress.

Furthermore, brain AP levels have been
linked to a higher risk of cognitive
deterioration from preclinical stages,
according to a recent study. Hence, a crucial
factor in the development of AD is
mitochondrial ~ malfunction and the
associated generation of ROS, which aid in
the buildup of Ap.

Research indicates that exercise
training improves redox status, resulting in
enhanced antioxidant status and reduced
pro-inflammatory markers. In pre-clinical
studies, a mouse model (3xTg-AD) with the
Psenl mutation and co-injected APPS we
and tauP301L transgenes showed that
oxidative stress levels are linked to AD
severity and physical exercise improves
reversal of symptoms [43]. Additionally,
mice who have been trained to swim have
better cognitive function, more robust
mitochondria, higher expression levels of
PGC-1, Mfn1/2, and Drpl proteins, and
lower levels of oxidative stress than mice
that have not received any training [44].

Further research by Rajasekar et al.
(2016) showed that intranasal insulin
delivery improved memory impairment in
rats treated with STZ by restoring CBF,
brain energy metabolism, BDNF level,
CREB activation, cholinergic function, and
mitochondrial activity [22]. Lack of insulin
reduces mitochondrial oxidative enzymes
in the cerebrum, hypothalamus, and
hippocampus, which have many insulin
receptors. Insulin deficiency decreased
mitochondrial fusion proteins (MFNL,
MFN2, and OPAl) and increased
mitochondrial fission protein (DRP1),
suggesting that mitochondrial dynamics are
negatively affected by insulin deficiency

[45].

Inflammation is another possible

mechanism that insulin and exercise could
be responsible for when it comes to
influencing memory [46].

It is believed that neuroinflammation is
a significant component in Alzheimer's
disease [47]. Additionally, it has been
demonstrated that running on a treadmill
can help improve memory deficiencies
[48].

In AD, proinflammatory cytokines are
elevated, which results in the hippocampal
downregulation of BDNF expression [49].
Changes in the metabolism of glucose could
be one of the possible mechanisms
explaining the synergistic effects of insulin
and exercise. Due to the fact that AP
aggregation IS associated with
hypometabolism and intranasal insulin
therapy enhances glucose uptake in the
hippocampus, it has previously been
reported that insulin influences memory by
changing glucose metabolism [50].

Running has also been shown to
increase hippocampus glucose metabolism
in AD-modeling APP/PS1 mice, which in
turn improves the mice's cognitive
performance [32].

Furthermore, it has been demonstrated
that physical activity increases the amounts
of insulin receptors in the hippocampal
synaptic membrane, hence enhancing
hippocampal insulin signaling [31].

5. Conclusion

Our findings suggest that exercise can
amplify the positive benefits of intranasal
insulin treatment on memory. The results of
our research showed that exercise and
insulin can prevent brain growth retardation
and prevent spatial memory disorders by
improving glucose metabolism.
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