Sport Physiology Volume 13, No 50, 2021, Page 39-58

Research Paper
Effect of 4 Weeks Aerobic Training on Trk-B, PKC and
AKT in Hippocampus of Male Rats with Alzheimerss
Disease

A. Khodamoradi!, M.R. Kordi?, R. Nori®

1. PhD Student of Sports Physiology, Kish International Campus, University of
Tehran

2. Professor of Sports Physiology, University of Tehran (Corresponding Author)
3. Associate Professor of Sports Physiology, Kish International Campus,
University of Tehran

Received: 2017/12/18 Accepted: 2018/02/18

Abstract

Alzheimer's disease (AD) is a progressive disorder of thenervous system. Amyloid -
induced degradation reactions in the central nervous system (CNS) result in neurotrophic
factor abnormalities which may, in turn, facilitate the development of amyloid
pathology. The effects of exercise on these factors have been taken into account;
however, an understanding of how it works needs further investigation. Therefore, the
purpose of this study was to investigate the effect of aerobic training on tropomyosin-
related kinase B (TrkB), protein kinase C (PKC) and protein kinase B (AKT) in the
hippocampus of male rats with AD. In this experimental study, 36 adult male rats (8
weeks) with an average weight of 195 + 20 g were randomly divided into 3 groups
(n=12): AD, AD+exercise training (ADT), and control (C). The AD was induced by
intrahippocampal injection of AB1-42. Aerobic exercise was performed for 4 weeks, 5
sessions per week. Then, 24 hours after the last training session, animals were either
subjected to behavioral testing or killed, and their hippocampus was extracted for further
experiments. One-way ANOVA was used to analyze the data. The results showed that
the ADT rats spend significantly more time in the target quadrant compared to the AD
group in the probe test (P<0.05). Moreover, TrkB, PKC and AKT levels decreased
following injection of AB1-42 (P<0.001). Aerobic exercise increased TrkB, PKC and
AKT levels compared to AD rats (P<0.05). Therefore, aerobic exercise seems to help
improve spatial memory by activating the TrkB- PKC-AKT signaling pathway.
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Extended Abstract

Background and Purpose

Alzheimer's disease (AD) is a progressive disorder of the nervous system.
Amyloid B-induced degradation reactions in the central nervous system (CNS)
result in neurotrophic factor abnormalities which may, in turn, facilitate the
development of amyloid pathology. Several cellular and molecular systems are
important for maintaining flexibility and neuronal function including
neurotrophins which can be considered as an aim to exert the beneficial effects
of exercise on the brain. Evidence suggests that changes in tropomyosin-related
kinase B (TrkB) signaling are necessary for exercise-induced affecting
hippocampal flexibility, synaptic flexibility and transmission (1). However,
many aspects of this effect are not fully understood. Therefore, the purpose of
this study was to investigate the effect of aerobic training on TrkB, protein
kinase C (PKC) and protein kinase B (AKT) in the hippocampus of male rats
with AD.

Method of Research

In this experimental study, 36 adult male rats (8 weeks) with an average weight
of 195 + 20 g were randomly divided into 3 groups (n=12): AD, AD+exercise
training (ADT), and control (C). The AD was induced by bilaterally
intrahippocampal injection of APi4. The exercise group was subjected to
moderate treadmill exercise (for 4 weeks, 5 sessions per week) for 7 days after
microinjection. Moreover, 24 hours after the last training session, animals were
either subjected to behavioral testing using the Morris Water Maze (MWM) test
to assess the hippocampus-dependent spatial learning and memory ability of rats
or killed immediately after anesthesia with ether. Next, the brains were quickly
removed from the skulls, and the hippocampus was dissected on ice. The real-
time PCR assay was used to measure the research variables, and comparisons
between groups were carried out by one-way ANOVA, and post-hoc
comparisons were assessed using the Bonferroni test.

Results

The results showed that in the probe test, the time spent in the target quadrant in
the AD group was significantly less than that in the control group (p<0.05). In
addition, the ADT group performed significantly better than the AD group
(p<0.05) (Fig. 1). The TrkB, PKC and AKT mRNA levels decreased following
injection of AB1-42 compared to the control group (P<0.001). The results of the
one-way ANOVA test demonstrated that exercise significantly increased TrkB
MRNA level compared to the AD group (p<0.001). Besides, exercise
significantly increased PKC mRNA levels in the AD group (p<0.001).
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Furthermore, AKT mRNA levels significantly increased in ADT than AD
groups (p<0.001).

Conclusion

The present study is one of the few studies to investigate the association between
TrkB and exercise training after the AD progression. The results indicated that a
4-week aerobic exercise period resulted in a significant increase in the AKT-
PKC-TrkB signaling pathway in AD animals compared to the non-exercising
AD group. Consistent with the findings of the present study, previous studies
have shown that aerobic exercise can enhance brain-derived neurotrophic factor
(BDNF) and TrkB levels (2, 3). These findings support the hypothesis that
exercise is a useful agent to promote neurotrophin-dependent hippocampal
flexibility because the binding of neurotrophins, especially BDNF, to its specific
receptor, TrkB, is the main signaling pathway of the synaptic plasticity process
in the hippocampus. In general, aerobic exercise seems to help improve spatial
memory by activating the hippocampal TrkB- PKC-AKT signaling pathway in
an animal model of AD.

Article Message
Aerobic exercise improves spatial memory through activating the AKT-PKC-
TrkB signaling pathway.
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Figure 1. Effect of Treadmill Exercise on the Time Spent in the Target Quadrant in
the Probe trial The Exercising Ap1-42-Treated Rats Spent More Time in the Target
Quadrant Than the AD Ones (P < 0.05).
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#: Significant Difference with AD Group (P <0.05)
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Figure 3 - TrkB Gene Expression Changes in the Study Groups
*: Significant Difference with Control Group (P <0.001)
#: Significant Difference with AD Group (P <0.05)
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Figure 4 - PKC Gene Expression Changes in the Study Groups
*: Significant Difference with Control Group (P <0.001)
#: Significant Difference with AD Group (P <0.01)
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Figure 5 - AKT Gene Expression Changes in the Study Groups
*: Significant Difference with Control Group (P <0.01)
#: Significant Difference with AD Group (P <0.01)
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