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Abstract

Alzheimer's disease is the most common form of dementia and amyloid peptides play a
prominent role in its pathogenesis. Recently, regular exercise has been considered as one
of the most important non-pharmacological mechanisms in contrast with Alzheimer's
disease. The aim of this study was to investigate the effect of four weeks' aerobic
exercise on gene expression of Glial cell_drived neurotrophic factor and tumor necrosis
factor in rat’s hippocampus with Alzheimer's disease induced by Amyloid beta. 56 8-
weeks-old male rats with mean£SD weight of 190£20 g was randomly divided into four
groups: training group. Amyloid beta + training group, Amyloid beta group and control
group. Amyloid betal-42injected into the hippocampus by Hamilton syringe. Seven days
after surgery, rats of each groups were subjected to behavioral testing. Real-Time PCR
were used for the measurement of gene expression of Glial cell_drived neurotrophic
factor and TNF-a. There is a significant difference between the groups. GDNF Gene
expression level in training group was higher and in the Amyloid beta-42 induction
group was lower (P<0.001). There is a significant difference between the groups. TNF-a
Gene expression level in training group was lower and in the Amyloid betal-42
induction group was higher (P<0.001). Moreover, spatial learning and memory were
significantly better in the exercise + Amyloid beta than Amyloid beta group (p<0.01). It
seems that aerobic exercise can have significant role in improving spatial memory,
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learning and also increasing gene expression of Glial cell_drived neurotrophic factor and
reduce inflammation in hippocampus that can help to improve memory and learning.

Key words: Alzheimer's Disease, Aerobic Exercise, Glial Cell_Drived Neurotrophic
Factor, Inflammation.

Extended Abstract

Background and Purpose

Alzheimer's disease (AD) is one of the most common and devastating age-
related neurodegenerative diseases. This disease is characterized by massive
neuronal loss, cognitive dysfunction, and memory loss. The pathology in AD is
well known. Amyloid Beta (AB) and tau depositions are the main pathological
features. AP is associated with impaired learning and memory. AP deposition
stimulates a local immune response. Neurotrophic factors may play a role in the
exercise-induced neuroprotective effects. Glial cell line-derived neurotrophic
factor is the most potent survival factor identified for motor neurons. Recent
studies have shown that AB decreases trophic factors expression. On the other
hand, it has been shown that AP clearance in AD increases the expression of
neurotrophic factors, thereby maintaining neuron survival. Previously, it was
demonstrated that chronic stimulation of the immune response induced pro-
inflammatory  cytokines IL-1B and TNF-a, which contributed to
neurodegeneration. The aim of this study was to investigate the effect of 4-week
aerobic exercise on gene expression of glial cell-derived neurotrophic (GDNF)
and tumor necrosis factors in the hippocampus of rats with AD induced by AB1-
42,

Methods

Totally, 56 8-week-old male rats with a mean+SD weight of 190+20 g were
randomly divided into four groups including training group, Ap + training
group, AB group and control group. AB1-42 was injected into the hippocampus
using a Hamilton syringe.

Morris's water maze test was used to test spatial memory. Next, 24 hours after
the last training session, the animals' spatial memory was assessed using the
Prob test. To examine the animal's sensorimotor coordination and motivation,
the visible plate test was applied after reviewing the probe test.

Seven days after A induction, rats in each group were subjected to behavioral
and exercise tests. Forty-eight hours after the last training session, after
anesthesia with ether, the animals' heads were severed with a guillotine, and the
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entire brain was rapidly removed from the skull. Then the hippocampus was
immediately removed from the brain.

Real-time PCR was used to measure the gene expression of GDNF and TNF-a.
Data were analyzed using one-way analysis of variance (ANOVA) and Tukey’s
post-hoc comparison to test for differences between groups. P values < 0.05
were considered statistically significant.

Training protocol

Tablel-Aerobic exercise protocol

Week 1 Week 2 Week 3 Week 4
5 days in a week 5 days a week 5 days in a week 5 days in a week
Every Qay 2setsof  Every qay 2 sets of Every day 3 sets of  Every day 4 sets of
15 minutes at a 15 minutes at a . !
15 minutesat 15 m 15 minutesat 15 m
speed of 10 meters  speed of 10 meters X X
- - / min / min
per minute per minute
5 minutes rest 5 minutes rest 5 minutes rest 5 minutes rest
between each set between each set between each set between each set
Results

Cognitive result

The results of the one-way ANOVA indicated that there was a significant
difference between the elapsed time and finding the platform in different groups
on the second, third and fourth day. The time to find the platform was
significantly longer in the AB+training and AP groups on the second to fourth
day than in the other groups (p<0.05). In addition, the APB + training group had
less time to find the platform on the second to the fourth day than the AB (p<0 /
001). The results of the one-way ANOVA demonstrated that there was no
significant difference between the training group and control group on the time
for finding the platform (p>0.05).

Gene expression Results

There was a significant difference between the groups. In the present study,
GDNF gene expression was significantly different in the training and AD+
training groups compared with the AD group. The GDNF gene expression level
in the training group was higher, and it was lower in the AB-42 induction group
(P<0.001). TNF-o gene expression level in the training group was lower and in
AP 1-42 induction group was higher (P<0.001). TNF-a gene expression level in
the training group was significantly lower than that in the AD group. TNF-a
gene expression was significantly different in AD + training group compared
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with the AD group. TNF-a gene was lower in the AD + training group than in
the AD group. Moreover, spatial learning and memory were significantly better
in the ApB + training group than in the Ap one (p<0.01).

Conclusion

There is evidence that increased inflammation in AD reduces trophic factor
expression. Recent studies have shown that exercise can alter the expression of
proinflammatory cytokines. In the current study, the expression level of TNF-a
gene was significantly decreased in the training group compared with the AD
group, indicating the anti-inflammatory effects of exercise. Furthermore, GDNF
gene expression was significantly higher in the training and AD+ training groups
compared with the AD group.

It seems that aerobic exercise may play a significant role in improving spatial
memory and learning, increases gene expression of GDNF and reduces
inflammation in the hippocampus, which may help improve memory and
learning.

Keywords: Alzheimer's disease, aerobic exercise, Glial cell-derived
neurotrophic factor, Inflammation
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(Arrows indicate the passage of the needle in the brain. The tip of the needle is
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Table 2- Sequence of primers studied in the study
Gene  Forward/Reverse Primer (5’— 3°) Accession
Number
F GCCTCAGCCGAAACTACAAG
S R ATAAAGCCTCCCCACAGCAT ~ XM_017590630.1
F AACACTCTGCGTACCAAGGA
IDE R AGAAGGCTTCCACTCTGCTT ~ <M_01758883L.1
F CTACAACGAGTTTGCCAGCC
SR R GTTTCCCAGTCGGTCCAGTA ~ <M_008765393.1
F AAGTTCAACGGCACAGTCAAGG
GAPDH R CATACTCAGCACCAGCATCACC XM_017593963.1

MME: membrane metallo-endopeptidase (Neprilysin); IDE: insulin degrading enzyme;
LRP-1: low density lipoprotein receptor-related protein 1; GAPDH: glyceraldehyde-3-
phosphate dehydrogenase; F: forward primer; R: reverse primer
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Figure 2 - Sample diagram of the melting temperature curve of IDE gene
(The presence of a curvature in this diagram indicates the unique melting temperature,
which indicates the absence of contamination in the sample and the specific performance
of the primers.)
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Figure 3. Average time spent finding platform in the studied groups during the four
days of Mauritius water maze training.
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a: significant difference with control group (p < 0.05), b: significant difference with
AP injection group (p <0.001)

Bals 50 eadidro oy a5 ol i b, (olad ALdl ) ln wan 093] @S
oley (f = 20,958, p < 0.001) cuul Soliie (5 lobins jgbas calie slaog,S (gl Sua
oy yeS 500 sleeg,S 5l o boliae jbas Luashal 09,5 10 GBus Bpls x4 0ddb(g

(p<0.01)
Bad 0,10 &3y 30 0adl Gyaw glo) Waw
TIME SPENT IN THE QUADRANT OF THE TARGET
CIRCLE
35 b
50 = Ly
2 = | é
20 a é =
(%] | —| | —| |——]
15 é = = =
10 = = | —| =
5 = = | = ==
0 = = = =
AB1-42 AB1-42 +i)s S-33Y Js
Exercise+ AB1-42 Exercise Control group
Axis Title

0951 59031 30 oasbasillan Gloog,S 10 Bus b 10 @1y )0 oy 3o - F U
(P <0.05) JyuS 09,5 b Hlolmo cglis b (P < 0.05) ;550 gloog,5 L lobine wglis :a
Figure 4 - Time spent in the quadrant of the target circle in the groups studied in
the probe test

a: Significant difference with other groups (p < 0.05), b: Significant difference with
control group (p <0.05)

e GDNF O3 UL‘" ‘°"\":’£5‘“’)Jf 09; )LP Ie odhan]las O3 uLu C.la.w :‘.Mnl.u CJL) d.»L.»‘).J
2D 9 (R (e yed 09,5 ;0 GDNF (5 aS 5 5bay tsjlo e S| gy (slaey,S
(aw 5ylas Jgaz) Cenl atils 1) ylo mbaws (3 yieS Sy Ly aSghel- ol il 05,5

Ly adgluol 09,5 5Lz 59 sbims y oy 3o GDNF o5 by =Y Jgux
Table 3. GDNF gene expression in male Wistar rats in four amyloid beta groups

GDNF .
ke 8 liliu! Sl yif 095 P
Average SDstandard deviation Groups




Y e 14085 9356 5 ol 2 (S5IgR (0 p0F AiB sl T ol

oy VY Intact Js es,¢
Intact control group
A0) NIRRT RAR) L sl

Beta-amyloid (RAR)

(RAT) (2 yoi-Ly gl

Amyloid Beta-Exercise (RAT)
EeA RV _(T) O3 09,5
Exercise group (T)

<IYSF SJYF

5l ol @l sgi ol B9 5 5als (505l Lot Lagys Ol slaodls (3g sl oy 5l
s (slajuitte oS oy las 48,y uilly Judo 51 oolital bl sine Dglis ous)
,h,b Slaslgs okid 1,5 9 ped debp ool T Gl Jols a5 ragh cpl 0 sad Jles]
asl adle e 09,5 x> sloe, ;0 GDNF 5 ol mhaw » olojeo jebas (s lolas
od..i':‘sw)).g Lgl.mu_:) @L:.o.:..uy.: 6[@).».!.;& Q‘).oq Lg)g‘w).».:x )‘ do 0 AA 9 (p < 0001)
ity Jitas e 7Sb gy Slp e Sl 355 e i Jlosl ptbicos
oy sl nl ) G il ly Jdow 51 Lols gl ulul ol solsul S'es RYSIS{Evow
Dolds shls (hesiy 09,5 lez slew, GDNF (L s I S ploardsn sloyeris |

80 mean of mMRNA GDNF
70

60
50
40

30

AACT-2

20

10

I

IER—
MO

=

L
-10 Js o309 o] ol G55
Control group Exercise AB1-42 Exercise+ AB1-42

Axis Title




VFee Hleae FR o leh IV 090 (o359 59990 b VAA

caianilln slrog S ;0 MRNA GDNF il -0 i
(p <0.05) ,%50 ooy, 5 U ylobzo cglas s

Figure 5. Mean GDNF mRNA in the groups
*: Significant difference with other groups (p < 0.05)
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Figure 6- Mean TNF-a mRNA in the studied groups
*: Significant difference with other groups (p < 0.05)
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