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@ : ABSTRACT
Regular aerobic exercise improves learning, memory, and cognitive and Syn-
aptic Plasticity in Alzheimer’s disease (AD) patients. The aim of this study was to evaluate the levels of
calcineurin and Ca*/calmodulin-dependent protein kinase Il mRNA after four weeks of aerobic training
exercises and before AD induction in the hippocampus of male Wistar rats.

Thirty 8-week-old rats with an average weight of 19520 g were initially randomly
divided into two groups of aerobic exercise or rest for four weeks. Then, each group was divided into
three groups of AD, sham, and injection. Then, 48 hours after the last training session, AB1-42, or DMSO
was injected into the hippocampus. Finally, after the isolation of the hippocampus, CaN mRNA and CaM-
KIl mRNA levels were measured.

[{EETE The results of this study showed that there was a significant difference between the groups in
mRNA CaN and CaMKIl mRNA levels (P<0.05). The results showed that aerobic exercise and AD pre-in-
duction had a significant effect on increasing calcineurin and Ca?*/calmodulin-dependent protein kinase
Il levels.

[@TEIERT Overall, the findings of the present study showed that four weeks of aerobic training im-
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Extended Abstract

Introduction

illions of people around the world are

suffering from Alzheimer’s disease

(AD), and this disease is characterized

by advanced and irreversible destruc-
tion of neurons [1]. Currently, the amyloid-beta (A)
hypothesis is strongly supported based on the fact that
the early neuropathological signs of AD are extracellular
deposits of Ap plaques and the formation of optic fiber in-
tracellular cells [2]. Although not all features of AD have
been completely recapitulated, various animal models of
AD have shown important features similar to the onset of
the disease in humans. AD animals have a certain impair-
ment in learning and memory function and have problems
in various behavioral tasks, such as Morris blue maze, ra-
dial maze, and radial blue maze [2]. In addition to cogni-
tive deficits, AD transgenic mice also have non-cognitive
disorders (temper tantrums) compared to their wild-type
counterparts. Learning and memory impairment in AD
animals at the cellular level showed increased long-term
depression (LTD) and suppressed long-term potentia-
tion (LTP) [3]. In addition to progressive memory loss,
patients with AD often exhibit noncognitive symptoms,
such as depression, anxiety, and aggression that worsen as
the disease progresses [3, 4]. Therefore, there is an urgent
need for a new therapeutic approach that can improve
cognitive deficits and reduce non-cognitive impairments.
Auvailable evidence shows the beneficial effect of regular
exercise on both cognitive and non-cognitive functions in
humans and laboratory animals [2, 3]. Trained animals
showed an improved performance in spatial learning and
memory tasks, such as Morris’s water maze (MWM) and
radial water maze (RAWM) [4« 5]. The aim of this study
was to investigate the effect of aerobic exercise before
AD induction on calcium calmodulin kinase type II and
calcineurin expression levels in the hippocampus of male
Wistar AD rats.

Methods

The subjects of this research were 30 eight-week-old-
maleWistar rats with an average weight of 195+20 grams,
which were obtained from the Pasteur Institute in Tehran.
After a week of familiarization with the environment, all
rats were exposed to the treadmill running for one week
(10 minutes at a speed of 10 m/min and five days a week).
Then, the rats were divided into two groups by a simple
random method: the exercise group and the rest group.
The sports activity group performed aerobic exercise for
four weeks, and the rest group was exposed to the silent
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treadmill running at the same time as the exercise group
so that the environmental conditions were the same for all
rats. The aerobic training protocol was such that the rats
were trained on the treadmill five days a week for four
weeks. The speed of the treadmill in the first and second
weeks of training was 10 m/min, which was performed in
two 15-minute shifts with a 5-minute break in between.
In the third and fourth weeks, the speed and number of
turns increased to three and four, respectively, with three
5-minute breaks between them [9]. The rats were divided
into three groups by a simple random method and each
group was again divided into two subgroups. After sacri-
ficing the rats, the tissues for immunohistochemistry were
kept at 4°C. RT-PCR method was used to measure the
expression levels of CaMKII mRNA and CaN mRNA.

Results

The results of the present study showed that there was
a significant difference in the CaMKII levels between the
groups (sig=0.0001,12=0.98, F=192.83). There was a sig-
nificant difference in the CaN levels between the groups
(sig=0.0001, 12=0.98, F=296.53). The results of Tukey’s
post hoc test showed that there was a significant differ-
ence between the A injection group-rest and AP injec-
tion - aerobic exercise in the level of CaMKII (P=0.0001)
and also between the A injection group - rest and DMSO
injection - aerobic exercise (P=0.0001). In addition, there
was a significant difference between A injection group -
aerobic exercise and DMSO injection - rest (P=0.0001),
AP injection group - aerobic exercise and no injection -
rest (P=0.0001), and AP injection group - acrobic exercise
and without injection - aerobic training (P=0.0001). Also,
there was a significant difference between the DMSO in-
jection- rest and DMSO injection- aerobic training group
(P=0.0001). In addition, there was a significant difference
between the DMSO injection group - acrobic exercise
and no injection - rest (P=0.0001) and the DMSO injec-
tion group - aerobic exercise and no injection - aerobic
exercise (P=0.0001). The results showed that there was
no significant difference in the levels of CaN (P=1.00)
between the AP injection-rest group and the A injection-
aerobic exercise group, but there was a significant differ-
ence in the rest of the groups.

Discussion

The findings of the present study showed the neuro-
protective effect of exercise in the AD model. CaM-
KII phosphorylation decreased in A rats. The possible
mechanisms of the protective effects of exercise activity
against brain dysfunction caused by AP are different. One
potential role is probably the maintenance of molecules
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that affect the central and peripheral nervous systems.
The main factor among these molecules is CaMKII, es-
pecially the a subunit. Although a-CaMKII is the most
abundant protein known in the brain, it is also present in
skeletal muscle with an apparently nonfunctional kinase
role [28]. In addition, it is well established that a-CaMKII
plays a key role in learning and memory processes, as
well as the induction and durability of LTP [6¢ 7]. Ge-
netic knockout of the a-CaMKII gene results in cogni-
tive deficits and LTP inhibition. Heterozygous mice lack-
ing a genetic mutation in a-CaMKII showed deficits in
memory and behavioral performance indicative of mood
changes [29]. Consistent with the findings of the present
study, other studies also have shown that regular exer-
cise increases CaMKII mRNA expression in rat hippo-
campus and CaMKII expression and activity in human
skeletal muscles [30]. These exercise-induced molecular
effects appear to contribute to the ability of exercise to
prevent AD-induced depression. According to the find-
ings of the present study and the cellular importance of
the mechanisms involved in the improvement of cogni-
tive and memory factors, it is recommended to investigate
the other variables, including A plaques, tau protein, and
BDNF in future studies of aerobic exercises in periods of
8 to 12 weeks in human and animal samples. Also, cogni-
tive tests should be investigated in future studies. In gen-
eral, the findings of the present study showed that four
weeks of moderate-intensity aerobic exercise on a tread-
mill increased and improved neuronal plasticity and cell
signaling and prevented memory disorders in male Wistar
AD rats.
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