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Sara Gamal Seada Background: Alzheimer's disease (AD) is a neurodegenerative condition

featuring by gradual degradation of the cortical and hippocampal neurons,
which results in impaired cognitive and memory functions.Objectives: To
saragamal86@yahoo.com. assess the effect of chronic moderate and high intensity pattern of exercise on
brain functions regarding memory and implication changes of adiponectin
(APN) and brain derived neurotropic factor (BDNF) gene expression.Subjects
. and methods: Sixty adult male albino rats were subdivided randomly into two
Sme't Date  2024-04-13 | 55 groups (n=30), control group and AD group. Each main group was
Revise Date  2024-04-23 | g a)jocated into three subgroups (n=10) according to intensity of exercise.
Accept Date  2024-05-25 | Finally we had 6 groups: Subgroup la: vehicle only. Subgroup Ib: vehicle +
Moderate intensity exercise. Subgroup Ic: vehicle + High intensity exercise.
Subgroup lla: AICl;. Subgroup Ilb: AICI; + Moderate intensity exercise.
Subgroup llc:AICIs+ High intensity exercise. APN and BDNF gene
expression were assessed and histopathological examination of cerebral cortex
and hippocampus was done. Evaluation of behavioral parameters was done
using modified T-maze to evaluate short term and working memory. Results:
Gene expressions of APN and BDNF were substantially decreased in the all
AD subgroups compared to their corresponding control subgroups. However,
they were remarkably elevated in moderately exercised subgroups compared to
the sedentary subgroups. Moreover, in high intensity exercised subgroups, they
were significantly higher than that of the sedentary and moderately exercised
subgroups. Conclusion: APN & BDNF gene expression can be employed as a
biomarker for early diagnosis of AD. Also regular exercise with increased
intensity should be recommended for all patients with AD.
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INTRODUCTION pharmacological therapies for managing or curing

AD [1]. Several investigations have shown that

Izheimer's disease (AD)is a neurological exercising following the onset of AD can induce

condition that progresses over time. It is the neurological protection [1]. Several additional

most  prevalent type of dementia, causing investigations examined the positive impacts of

irreversible - cognitive impairment and reduced exercise in the context of AD, with positive findings
learning capability. This is aggravated by a lack of [2].

sufficient treatment choices to reduce the disease's
inevitable progression. There has recently been Adiponectin - (APN) is an adipocyte-derived
substantial scientific interest in developing non- hormone first extracted from rat adipocytes. It
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regulates glucose and lipid catabolism and
sensitizes the cell to insulin. APN was reported to
be negatively correlated with T2DM, IR, BMI, and
cardiovascular conditions. All of these variables can
increase the possibility of dementia. Furthermore,
APN has anti-inflammatory impacts by reducing
pro-inflammatory cytokine synthesis [3].

Brain-derived neurotropic factor (BDNF) is a
protein present in high amounts throughout the
central nervous system, particularly in the cerebral
cortex, hippocampus, cerebellum, and
hypothalamus.  Peripheral  tissues can also
synthesize BDNF. BDNF has been linked to brain
growth and function, particularly dendritic
development,  neurogenesis, and long-term
neuron potentiation [4].

Physical exercise elevates circulating concentrations
of BDNF in healthy individuals. There is a variety
of proof that exercise enhances both mental and
emotional functioning. Evidence suggests that
BDNF activation could regulate these impacts [5].

We aimed for assessing the effect of chronic
moderate and high intensity pattern of exercise on
brain functions regarding short term and working
memory and the implication changes of APN and
BDNF gene expression.

MATRIALS AND METHODS
Animals:

This study was approved by The Institutional
Animal Care and Use Committee Zagazig
University (ZU-IACUC) (ZU-IACUC/2/£/94/2022).
This experimental prospective cohort study was
carried out on a total number of 60 healthy adult
male albino rats weighing 180-200g. The rats were
housed in sanitary stainless-steel wire cages (7-
8/cage) at Zagazig University's Faculty of Medicine.
Rats had water ad libitum, were housed at room
temperature, and followed a 12-hour light/dark
cycle.

After one week of acclimatization, rats were
randomized based on ELT (escape latency) and
allocated into two main equal groups (30 rats each).

Group | (Control group, n=30): in which the rats
received the vehicle orally (distilled water 0.5
ml/100g body weight) [6], then divided into 3
subgroups:
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Subgroup la (Sedentary group): received the
vehicle only.

Subgroup Ib (moderate intensity exercise):
received the vehicle + moderate intensity exercise
(from day 32 to day 74).

Subgroup Ic (high intensity exercise): received
the vehicle + high intensity exercise (from day 32 to
day 74).

Group Il (induced-AD groups, n=30): in which
the rats received aluminium chloride (AICIs) orally
for 25 days from day1 to day 25 (175 mg/kg orally).
This dose of AICI; was reported to have low
mortality and increased induction rate [7] AICI; was
dissolved in distilled water and were orally
administered (0.5 ml/100g body weight) [6]. Then it
was divided into 3 subgroups:

Subgroup lla: AICls.
Subgroup Ilb: AICIl; + moderate intensity
exercise (from day 32 to day 74).
Subgroup llc: AICIs+ high intensity exercise
(from day 32 to day 74).

Exercise regimen:

Swimming was chosen as our exercise routine since
it is similar to rodents' normal actions and is less
exhausting.

The swimming program has two phases: training
and adaptation. The training was graded over the
first week to allow for adaptation, starting with 15
minutes on the first day and ending with 60 minutes
on the last day. After that, exercise regimen was
started lasting for six weeks as following:

Moderate intensity exercise regimen: 60

minutes/day, five days/week [8].

High intensity exercise regimen : 90

minutes/day, five days/week [8].
A period of six weeks is the limit for the period of
the entire training, with short-term physical activity
< 6 weeks and long-term exercise extending 6
weeks or longer [8]. Rats of sedentary subgroups
were kept in pools filled with water with 5 cm
depth, while rats of the exercised subgroups
practiced swimming in pools (in the form of plastic
tanks with 70 cm height and diameter of 90 cm) and
filled with water to a depth of 50cm [9]. The water
temperature was 32+1°C. Rats were regularly
observed while swimming to keep them from
drowning. After each daily swimming period, each
rat was toweled and warmed under a heat lamp prior
the rats were put back in their cages [10].
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Evaluation of Behavioral Parameters:
Modified T-maze:

A manually operated T-maze with a central division
and guillotine doors at each goal arm was built. The
maze pattern was formed according to Deacon and
Rawlins [11]. The novelty of the maze encouraged
spontaneous  exploration/alteration, hence no
habituation was permitted. Over two days, each rat
received one sample trial and 5 option runs, for an
overall of 12 trials and 10 possible variations. Each
of the rats in the sample run had the option to select
a goal arm after being placed in the starting area at
the bottom of the T. Gently moving the guillotine
door down kept the rat in the assigned arm for thirty
seconds. After that, it was taken out and left in its
cage for ten minutes. The middle barrier was taken
down and the guillotine door of the arm that was
chosen in the sample run was elevated once more
throughout the choice runs. After being moved to
face away from the goal arms, the rat was free to
choose one of the two open goal arms. Each trial
took 1-2 minutes. An alternation (right choice) was
defined as a rat choosing the opposite arm from the
previous trial. The proportion of alternation per
animal was computed as follows [12]:

Number of correct choices (Alternations) %100
Total possible alterations

Blood sampling and brain isolation:

Animals were originally sedated with ether, then
blood specimens were obtained from the retro-
orbital sinus and allowed for 30 minutes to clot.
Then samples were centrifuged for 10 min at 3000
rom and the obtained serum was stored at -80°C
until assayed for APN and BDNF gene expression.
After decapitation, brains were immediately
removed from the skull, weighed and placed in 2 ml
microtubes. Samples were placed in liquid nitrogen
then preserved to -80°C  freezer [13].
Histopathological examination was done with
collaboration of Pathology department, Zagazig
University. Brain samples were fixed in 10% formal
saline, processed to make paraffin blocks, stained
with H&E for assessment [14].

Quantitative real-time PCR

Total RNA was extracted from serum utilizing
Trizol (Invitrogen; Thermo Fisher Scientific,
Inc.).The NanoDrop® ND-1000 Spectrophotometer
(NanoDrop Technologies; Wilmington, Delaware,
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United States) was used to measure the A260/A280
ratio of 1.5ul of RNA to assess its quality. To
synthesize cDNA, a High-Capacity cDNA Reverse
Transcription Kit (Applied Biosystems™, USA)
was utilized. RT-PCR was done in a Mx3005P
Real-Time PCR System (Agilent Stratagene, USA)
using TOPreal™ gPCR 2X PreMIX (SYBR Green
with low ROX) (Cat. # P725 or P750) (Enzynomics,
Korea) according to the manufacturer's instructions.
The primer set of BDNF was,forward,5'-
CCCGCACACTCTGTGTAGTT -3' and reverse,5'-
CAGCCTTCATGCAACCGAAG -3', Adiponectin
was,forward,5'- GGACAAGGCCGTTCTCTTCA -
3" and reverse,5- CCCCATACACTTGGAGCCAG
-3' compared to the reference gene GAPDH,
forward, 5’- GCATCTTCTTGTGCAGTGCC -3’
and reverse,5’- TACGGCCAAATCCGTTCACA -
3’. The PCR cycle settings included 12 minutes of
first denaturation at 95°C, then 40 cycles of
denaturation at 95°C for 20 seconds, annealing at
60°C for 30 seconds, and extension at 72°C for 30
seconds. Sangon Biotech (Beijing, China)
developed the oligonucleotide-specific primers. The
fold changes in gene expression were assessed
employing cycle threshold (Ct) method through the
calculation of 2 44¢t[15].

STATISTICAL ANALYSIS

Data was analyzed utilizing the Statistical Package
for Social Sciences (SPSS) version 19. Data with a
normal distribution was presented as mean + SD. To
compare many sets of numerical (parametric) data,
the analysis of variance (ANOVA) was used, then
by the post-hoc turkey test (p-value < 0.05). ). Also,
independent sample t-test was used to compare the
mean of each control group with its corresponding
AD group.

Data was displayed graphically using Microsoft
Excel for Windows (Microsoft Inc. USA.

RESULTS

Regarding body weight(g) in control group, it was
significantly lower in subgroup Ic than subgroups la
&Ib (140+9.43,191+8.75&191+8.76 respectively).
Also in AD group, body weight was significantly
lower in subgroup llc than subgroups lla &llb
(140£9.4, 191+8.8, and 191+8.77 respectively). No
remarkable variances were detected between control
subgroups and their corresponding AD subgroups.
(Tablel)
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Concerning gene expression (fold change) of APN
in control group, subgroup Ib(1.08+0.05) was
significantly ~ higher  than  subgroup la
(1.00£0.12,p<0.05). Also subgroup 1c(1.18+0.02)
was substantially elevated than subgroup Ib
(p<0.05) and subgroup la (p<0.001). While in AD
group, subgroup Ilb (0.38+0.07) was substantially
increased than subgroup Ila (0.30+0.03, p<0.05).
Also subgroup llc (0.79+0.06) was notably elevated
than subgroup Ilb (p<0.001) and subroup lla
(p<0.001). Moreover, all AD subgroups were
significantly less than their corresponding control
subgroups (p<0.001). (Table 2)

Concerning gene expression (fold change) of BDNF
in control group, subgroup Ib(1.93+0.59) was
substantially elevated than subgroup
la(1.5+0.47,p<0.05). Also subgroup Ic(2.52+0.71)
was substantially elevated than subgroup Ib
(p<0.05) and subgroup la (p<0.001). While in AD
group, subgroup 11b(0.53+0.03) was substantially
elevated than subgroup Ila (0.15+0.02,p<0.05).
Also subgroup 11c(0.91+0.05) was substantially
elevated than subgroup I1b (p<0.001) and subgroup
lla (p<0.001). Moreover, all AD subgroups were
significantly less than their corresponding control
subgroups (p<0.001). (Table 3)

Regarding modified T-maze test (%), no substantial
variance were found between control subgroups.
However in AD group, subgroup b (33+4.38) was
significantly ~ higher ~ than  subgroup lla
(2445.16,p<0.05). Also, subgroup llc (57+4.83) was
substantially elevated than subgroup Ilb and lla
(p<0.001). Moreover, all AD subgroups were
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significantly less than their corresponding control
subgroups (p<0.001). (Table 4)

Histopathological Examination:

The hippocampus of control group (Group
I) showed intact neurons arranged closely with
orderly arranged pyramidal neurons (Fig.A). The
cortex of control group showed normal brain
parenchyma and normal neuronal morphology
(Fig.B). The hippocampus of AICls-treated group
(subgroup 11 a) showed decreased thickness of the
hippocampus with increase in number of
degenerated neurons with pyknotic nuclei and
irregular and indistinct nuclear membrane (red
arrows) (Fig.C). The cortex of AlCIs-treated group
(subgroup Il a) revealed multiple
neurodegeneration with small pyknotic nuclei,
vacuolated cytoplasm and extracellular eosinophilic
deposits (arrows) (Fig.D). The hippocampus of
(subgroup 1lb) revealed moderate improvement in
the structural changes induced by AICI; with
increased thickness of hippocampus and decrease
number of degenerated neurons (Fig.E). The cortex
of subgroup Ilb revealed mild improvement in the
structural changes induced by AICI; with decreased
number of pyknotic nuclei and eosinophilic deposits
(Fig.F). The hippocampus of subgroup llc revealed
remarkable improvement in the structural changes
induced by AICI; with almost normal thickness and
arrangement of pyramidal neurons (Fig.G). The
cortex of subgroup llc revealed marked
improvement with near normal brain parenchyma
and remarkable decrease in the number of pyknotic
nuclei and eosinophilic deposits (Fig.H).

Table (1): Body weight (in grams) among all studied groups:

Sedentary Moderate intensity High intensity exercise
exercise

Control groups | Groups la Ib Ic
Range (9) 180-200 180-200 130-150
Mean + SD (Q) 19148.75 191+8.76 140+9.43
P of LSD vs. group la NS <0.001
P of LSD vs. group Ib <0.001

AD groups Groups lla l1b llc
Range () 180-200 180-200 130-150
Mean + SD (Q) 191+8.8 19148.77 14049.4
P of LSD vs. group lla NS <0.001
P of LSD vs. group Ilb <0.001

P-value of unpaired t-test NS NS NS
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NS: Non significant (P>0.05)

Table (2): Shows gene expression (fold change) of APN in all studied groups:

Significant (P<0.05)

Volume 30, Issue 5, August 2024

Sedentary Moderate intensity High intensity
exercise exercise
Control | Groups la Ib Ic
groups Range 0.91-1.18 1.03-1.12 1.16-1.19
Mean + SD 1.00+0.12 1.08+0.05 1.18+0.02
P of LSD vs. group la <0.05 <0.001
P of LSD vs. group Ib <0.05
AD Groups lla b llc
groups Range 0.26-0.35 0.30-0.45 0.71-0.86
Mean + SD 0.30+0.03 0.38+0.07 0.79+0.06
P of LSD vs. group lla <0.05 <0.001
P of LSD vs. group Ilb <0.001
P-value of unpaired t-test <0.001 <0.001 <0.001

Table (3): Show gene expression (fold change) of BDNF in all studied groups:

Sedentary Moderate intensity High intensity
exercise exercise

Control | Groups la Ib Ic
groups Range 0.93-1.99 1.01-2.5 1.18-3

Mean + SD 1.5+0.47 1.93+0.59 2.52+0.71

P of LSD vs. group la <0.05 <0.001

P of LSD vs. group Ib <0.05
AD Groups lla b llc
groups Range 0.14-0.19 0.48-0.59 0.82-0.99

Mean + SD 0.15+0.02 0.53+0.03 0.91+0.05

P of LSD vs. group lla <0.05 <0.001

P of LSD vs. group Ilb <0.05
P-value of unpaired t-test <0.001 <0.001 <0.001
Table (4): Shows result of T Maze test in percentage in all studied groups:

Sedentary Moderate High intensity
intensity exercise
exercise

Control Groups la Ib Ic

groups Range (%) 70-80 70-80 70-80
Mean + SD (%) 75+5.27 76+5.16 7545.27
P of LSD vs. group la NS NS
P of LSD vs. group Ib NS

AD Groups lla b llc

groups Range (%) 20-30 30-40 50-60
Mean + SD (%) 24+5.16 33+4.38 57+4.83
P of LSD vs. group lla <0.05 <0.001
P of LSD vs. group Ilb <0.001

P-value of unpaired t-test <0.001 <0.001 <0.001
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Figure A: The hippocampus of control group (Group l)intact neurons arranged closely with orderly ranged neurons.
Figure B: The cortex of control group with normal brain parenchyma and normal neuronal morphology.

Figure C: Hippocampus of AlCIs-treated group(subgroup Il a) showed decreased thickness of the hippocampus wit increase
in number of degenerated neurons with pyknotic nuclei and irregular and indistinct nuclear membrane(red arrows).

Figure D: Cortex of AlClIs-treated group (subgroup Il a) revealed multiple neurodegeneration with small pyknotic nuclei,
vacuolated cytoplasm and extracellular eosinophilic deposits (arrows).

Figure E: Hippocampus of (subgroup I1b) revealed moderate improvement in the structural changes induced by AICI; with
increased thickness of hippocampus and decrease number of degenerated neurons.

Figure F: Cortex of (subgroup I1b) revealed mild improvement in the structural changes induced by AICI; with decreased
number of pyknotic nuclei and eosinophilic deposits.

Figure G: Hippocampus of (subgroup lic) revealed remarkable improvement in the structural changes with induced by
AIClI3 with almost normal thickness and arrangement of pyramidal neurons.

Figure H: Cortex of (subgroup llc) revealed marked improvement with near normal brain parenchyma and remarkable
decrease in the number of pyknotic nuclei and eosinophilic deposits .

DISCUSSION apoptosis, synapse loss, and neuro-inflammation
: . . [16].
AD is a neurological disorder and the leading cause
of dementia. AD is featured by p-amyloid (AP) In this study, we used AIClz as Aluminum worsens
plaque formation, intraneuronal brain damage caused by oxidative stress, triggers
hyperphosphorylated tau aggregation, neuronal neuronal inflammatory processes, and impairs

working and semantic memory, visuoperception,
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and focus [17]. It also effectively modifies the
blood-brain barrier, causing alterations in
noradrenergic and cholinergic neurotransmissions.
It involves reduced glucose consumption, elevated
free radical production and lipid peroxidation, and
alterations in protein phosphorylation, resulting in
severe neurotoxicity [18].

The current investigation revealed a remarkable
decline in APN gene expression levels in the AD
group compared to control group and this agreed
with Texixeira et al.[19] who observed lower serum
APN values in mild cognitive impairment and AD
cases with equal subject sizes. This may be
explained by the increased pro-inflammatory
cytokine TNF-a level and its gene expression which
is a suppressor of APN gene transcription [20].
Contrary to  prior results, another investigation
found no substantial variation in  APN
concentrations between a non-demented group and
cases with dementia [21].

Our study showed that moderate to high intensity
exercise, even in lack of weight loss, leads to a
notable rise in APN gene expression. Our findings
imply that a significant alteration in body weight
caused by exercise training is not always necessary
to elicit enhanced APN expression and this agreed
with Garekani whose study provided the first
indication that high to moderate aerobic exercise
training, even in lack of weight reduction, improves
the APN level in adipose tissue and blood of male
rats [22]. However, a previous report suggested that
weight loss is essential for elevating circulating
APN values, but certain investigations have found
that exercise training paired with a decrease in body
mass has no impact on APN levels [22].

By the study end, the body weights of moderately
exercised subgroups were similar but APN
expression was higher in these subgroups than
sedentary subgroups. While in groups with high
intensity  exercise, APN  expression  was
significantly greater than those in the sedentary
groups but their body weights were reduced. This
was against a previous study that showed that
physical activity accompanied by body mass loss
did not influence APN levels [23].

Moreover, we found that APN expression was
higher in high intensity exercised than moderately-
exercise subgroups. Thus, the exercise training
intensity appears to be a potential parameter
affecting the APN expression. This agreed with
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prior reports that showed elevation in APN
concentrations in highly trained male rowers with
maximal exercise [22,24]. Bluher et al. similarly
showed that prolonged exercise for four weeks led
to elevated circulating APN concentrations among
cases [25].

This increase in APN expression with exercise can
be explained by decreased TNF-a (APN suppressor)
where there is a proof that exercise may decrease
circulating TNF-a values. And there is a substantial
negative association between plasma APN and
TNF-a [26].

Regarding BDNF there is significant decline in its
gene expression in the AD group compared to
control group. This is in line with Forlenza [27]
who reported that AD cases have reduced BDNF
serum values than healthy individuals. The most
substantial BDNF decreases in AD have been
revealed in the hippocampus, parietal, frontal, and
entorhinal cortex. This may be explained by Ap
monomers, produced and released at firing
synapses, play a critical effect in synaptic control
and neuronal activity, making them neuroprotective
rather than harmful. AR monomers control synaptic
activity by activating cAMP response element-
binding protein (CREB) via the PI3K/AKT
pathway, resulting in prolonged transcription and
BDNF production [28].

In AD, increased amounts of AP neurotoxic
oligomers can hinder CREB activity in the brains of
AD cases and mice models, as they fail to trigger
the PI3BK/AKT pathway [29]. Soluble AP oligomers
can affect signal transduction pathways involved in
memory and cognition, including CREB-regulated
transcription [30].BDNF values in AD may be
linked to CREB transcription instability caused by
AP accumulation [31].

The current investigation assumed that with
moderate to high intensity exercise there is an
improvement in BDNF gene expression, as the
moderately exercised AD group level of serum
BDNF was significantly higher than the sedentary
AD group and this agree with Cechetti et al. [32]
who found out that running on treadmill (for 2
weeks) by rats with moderate intensity, significantly
increased BDNF in hippocampal region compared
with other regions of the brain.

In high intensity exercised AD subgroup, we found
that BDNF expression was significantly higher than
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that of the sedentary and moderately exercised AD
subgroups. This was in line with Jeon and Ha that
found long-term aerobic exercise at high to
moderate intensity levels may have an advantageous
impact on blood concentrations of BDNF and
cognitive performance [33].

Our findings indicate that the higher the intensity of
the exercise the more positive effect on BDNF
expression.

The rise in BDNF is one of the most persistent
alterations recorded after exercise, as reported by
Wrann and colleagues [34] who assumed that
exercise induces BDNF upregulation in the
hippocampus  through  the  PGC-1o/FNDC5
pathway. Durability of exercise increased the
expression of the Fndc5 gene in the hippocampus,
along with the expression of peroxisome
proliferator-activated receptor gamma coactivator-
la (PGC-1a). This co-regulated the expression of
neuronal fibronectin type Il domain-containing
protein 5 (FNDC5) with estrogen-related receptor o
[35].

Overexpressing FNDC5 in the periphery raised
BDNF expression in the hippocampus. This
suggests that exercise-induced elevated levels of
BDNF in the hippocampus were controlled by both
muscle-derived irisin (FNDC5 secreted form) and
the neuronal PGC-1a/FNDC5 pathway [34]. In
contrast to the current study, Nofuji et al. [36]
revealed that exercise reduced the levels of BDNF.
The reason of lack of alignment between their
findings and those of present study might be
difference in type, intensity, duration of exercise or
type of tested subjects.

In our study, modified T Maze test was
used for testing short term and working memory.
The AD group revealed a significant lower T maze
score compared to control group. This finding
agreed with Davis et al. [38] who showed
significant decline in T maze score in 3xTg AD
mice.

However, the moderately exercised AD subgroup
score was significantly higher than the sedentary
AD subgroup. And in the high intensity exercised
AD subgroup, the result was significantly higher
than that of the sedentary and moderately-exercised
AD subgroups. These findings indicate that the
higher the intensity of the exercise the more positive
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effect on memory. Chronic exercise has been widely
proven to improve the memory of AD cases [39].

Following the onset of AD, exercise training has
been shown in numerous trials to provide
neuroprotection through reducing AP deposition,
reducing inflammation, improving  synaptic
plasticity, and preventing neuronal apoptosis [40].

Histopathological examination of hippocampus and
cortex tissue of the sedentary AD subgroup showed
multiple neurodegeneration with small pyknotic
nuclei, vacuolated cytoplasm, extracellular
eosinophilic deposits, and decreased number of
neurons with widely spaced irregular shaped
neurons with loss of pyramidal neurons. These
results were in consistent with Lakshmi et al. [18].

Moderately exercised AD subgroup revealed mild
improvement in the structural changes induced by
AICI; with decreased number of pyknotic nuclei and
eosinophilic deposits.

While high intensity exercised AD subgroup
showed remarkable improvement in the structural
changes induced by AICI; with nearly normal brain
parenchyma, almost normal thickness and
arrangement of pyramidal neurons and remarkable
decrease in the number of pyknotic nuclei and
eosinophilic deposits. These findings supported by
Hegazy et al. who showed that exercise training
almost reversed the neurodegenerative hippocampal
changes [41].

CONCLUSION

This study demonstrated that exercise improved
short term and working memory in AD. And as the
intensity of exercise increases, its effect increases.
Also this study revealed that APN and BDNF
expression decreased with AD and increased with
exercise. It also provided the evidence that the
intensity of exercise training appears to be a
potential parameter affecting APN and BDNF
expression. Thus, APN & BDNF gene expression
can be employed as a biomarker for AD diagnosis.
Also regular exercise should be recommended for
all patients with AD.
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