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Abstract

Background. Apoptosis of the nerve tissue, especially the hippocampus, has been
introduced as one of the potential causes of neurological diseases such as
Alzheimer’s disease, and it may be related to telomere length. In addition, exercise
affects various aspects of nerve cell activity and may prevent their death. Based on
this, the aim of this study was to investigate the relationship between telomere
length and apoptosis of hippocampal neurons after 12 weeks of combined exercise
in Alzheimer's rats.

Methods. Overall, 35 male Wistar rats (weight 174+22g) were divided into control,
Alzheimer’s, aerobic, resistance, and combined groups, each including 7 animals.
Alzheimer’s was induced, and 8 mg/kg of trimethyltin was injected
intraperitoneally. The groups of training were implemented for 12 weeks/5 days a
week. After anesthetizing and perfusing the rats, the hippocampal tissue was
isolated, and a real-time polymerase chain reaction was used to measure gene
expression using the Master-mix Ampligon and Synaclon DNA synthesis Kit.
Differences were determined by a one-way analysis of variance, and groups were
compared by using Tukey’s post hoc test (P<0.05).

Results. Overall, 35 male Wistar rats (weight 174+22g) were divided into control,
Alzheimer’s, aerobic, resistance, and combined groups, each including 7 animals.
Alzheimer’s was induced, and 8 mg/kg of trimethyltin was injected
intraperitoneally. The groups of training were implemented for 12 weeks/5 days a
week. After anesthetizing and perfusing the rats, the hippocampal tissue was
isolated, and a real-time polymerase chain reaction was used to measure gene
expression using the Master-mix Ampligon and Synaclon DNA synthesis Kkit.
Differences were determined by a one-way analysis of variance, and groups were
compared by using Tukey’s post hoc test (P<0.05).

Conclusion. It seems that performing combined exercise (swimming and resistance)
is effective in improving the telomere length and decreasing the apoptosis of
Alzheimer’s rats’ hippocampus.

Practical Implications. Performing combined sports activities (aerobic and
strength) effectively improves telomeres while reducing neuron apoptosis.
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Extended Abstract

Background

One of the most important neuronal death
processes, apoptosis, ultimately leads to the onset of
Alzheimer’s disease (AD), which is characterized by
severe atrophy of the brain tissue. To initiate
apoptotic cascades, amyloid beta (AB) has been
found to alter pro- and anti-apoptotic proteins, such
as increasing Bax and decreasing Bcl2 expressions.
Exercise training of the right intensity can also
decrease proapoptotic Bax signs in the rat brain’s
hippocampus tissue by decreasing oxidative stress,
reducing inflammation, and raising the anti-apoptotic
protein Bcl-2 expression. The telomerase enzyme is
responsible for maintaining the telomere length (TL),
and its main subunit is the TERT, which maintains
the TL by adding TTAGGG repeats at the end of the
telomeres. According to reports, TL was shorter in
the cerebellum of AD patients compared to healthy
controls. While strength training failed to improve
telomerase activity and maintain TL, endurance and
high-intensity exercises hit the points successfully.

Methods

This study was conducted on 35 male Wistar rats
(174£22 @), which were randomly divided into 5
groups (n=7), including healthy control, Alzheimer’s,
aerobic training, resistance training, and combined
training. For the induction of AD, trimethyltin was
injected intraperitoneally at 8 mg/kg. The animals
were then kept in standard conditions with free
access to food and water. The swimming training
was performed 5 days/week for 12 weeks, and the
duration was progressively increased from 10
minutes to approximately 60 minutes per day upon
the ninth week. Two 1-hour sessions were conducted
every day from weeks 10 to 12. The rats in the
resistance groups were trained 5 days per week for
12 weeks with a weight attached to their tails, and
they had to lift this weight while climbing up a 26-
step, 1-meter-long ladder. The initial weight was
40% of a rat’s body weight, which was gradually
increased up to 150% of the rat’s body weight (The
weights increased weekly by 10%). The rats in the
combined training groups performed swimming

(three days per week) and resistance (two days per
week) training according to the aerobic and
resistance training protocols. After anesthetizing and
perfusing the rats, the hippocampal tissue was
isolated, and real-time polymerase chain reaction was
utilized to measure gene expression by the Master-
mix Ampligon and Synaclon DNA synthesis kit. All
reactions were performed in triplicates, and the fold
change level of gene expression was analyzed
according to the 22t method. The housekeeping
gene beta-actin was used as the internal control gene.
All data were expressed as the means + standard
error of the mean and analyzed using one-way
variance with post-hoc Tukey’s test in SPSS 25, and
P<0.05 was considered statistically significant.

Results

The induction of Alzheimer’s decreased the
expression values of the Bcl2 gene by 12.3%, and
there was a significant increase in the expression
values of TERT by 20.8% and the Bax/Bcl2
expression ratio by 22.7% in the Alzheimer’s group
compared to the healthy control group (P=0.001).
After 12 weeks of exercise training, a significant
decrease was found in the Bax gene in the aerobic
group (15.98%), the resistance group (10.56%), and
the combined group (11.77%) compared to the
Alzheimer’s group. Moreover, the Bax/Bcl2
expression ratio significantly decreased in the aerobic
group (25.75%) and the combined group (23.06%) in
comparison to the Alzheimer’s group. Based on the
results, the expression value of the Bcl2 gene
significantly increased in the aerobic group
(12.31%), the resistance group (11.17%), and the
combined group (14.02%) compared to the
Alzheimer’s group. Finally, with 12 weeks of
combined training, the gene value of TERT increased
by 8.28% compared to the Alzheimer’s croup
(P=0.001). Investigating the correlation between
apoptosis genes and telomere, Pearson’s test revealed
that there was no significant correlation between
TERT gene expression and apoptosis genes, while
with an increase in Bcl-2 gene expression, a
significant decrease was observed in Bax gene
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expression (P=0.01) and Bax/Bcl-2 expression ratio
(P=0.001).

Conclusion

In the early stages of AD, the cerebral cortex and
hippocampus both had a substantial number of
apoptotic neurons. As neurons are lost more
frequently with aging, the apoptosis of neuronal cells
eventually results in the development of AD, and
Bcl-2 is a survival factor that may stop both necrotic
and apoptotic cell death. Accordingly, Um et al
demonstrated that Bcl-2 expression levels were
increased, and Bax expression levels were boosted in

the brain tissue of mice with AD after 16 weeks of
training. In a previous study, exercise increased Bcl-
2 expression, decreased Bax expression levels, and
prevented apoptosis in the rat hippocampus, likely by
activating the phosphatidylinositol 3-kinase/protein
kinase B/glycogen synthase kinase 3 pathway.
Additionally, in the hippocampus, exercise reduced
the Bax/Bcl-2 expression ratio and elevated caspase-
3 expression. The fundamental processes driving
these effects are yet unknown. However, resistant
training may be a means to protect the brain and
maintain healthy cognition with aging, whereas
aerobic exercise may alter intracellular pathways.
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