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Abstract

It is important to maintain the structure and function of the brain throughout life. The
main important brain developmental processes occur during the critical periods,
especially prepuberty. Thus, environmental interventions during this critical period can
lead to significant and permanent changes in developing structures such as the
hippocampus. Here, the current study investigated the effect of combined training and
play in an enriched environment during prepuberty on the hippocampal structure in adult
rats. For this purpose, in this longitudinal study, 27 male rats were divided into three
groups of combined training, play in an enriched environment, and control. Interventions
were performed for three weeks (28-48 postnatal days). Subsequently, all animals were
kept in the standard cages without any intervention until adulthood (48-85 postnatal
days). After this period, the animals were sacrificed and hippocampal tissues were
removed. The Western blotting and Nissl staining methods were used to assess the brain-
derived neurotrophic factor (BDNF) and the number of cells in the hippocampus,
respectively. The results showed that BDNF levels (P<0.0001) and the number of cells
in the hippocampus (P<0.05, P<0.001) increased significantly in the groups with training
and play in enriched environment. According to the findings of this study, it can be
concluded that training interventions such as organized exercise and active play during
sensitive developmental periods have strong and long-lasting effects on the hippocampal
structure by increasing BDNF expression.
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Extended Abstract

Background and Purpose

It is important to maintain the structure and function of the brain throughout life.
The development of the brain takes place significantly after birth. The most
important brain developmental processes occur during the critical periods,
especially prepuberty. The remarkable changes in cortical and subcortical
structures, changes in receptor and growth factor expression, and myelination
are evident (1). The brain-derived neurotrophic factor (BDNF) plays an
important role in neuronal plasticity as a neurotrophic factor. BDNF is produced
endogenously throughout the brain, with high levels present in the hippocampus
(2). The regions DG and CA of the hippocampus, which are important for the
process of neurogenesis and long-term potentiation (LTP), respectively, may
influence this structure (3). Thus, environmental interventions during this critical
period can lead to significant and permanent changes in developing structures
such as the hippocampus. Molecular mechanisms, particularly neurotrophic
factors, likely support brain plasticity in adulthood through structural changes
(4). Here, the current study investigated the effect of combined training and play
in an enriched environment during prepuberty on hippocampal structure in adult
rats.

Materials and Method

For this purpose, the present study was longitudinal and used 27 male Wistar rat
pups, weighing 18.76 + 2.1 obtained from Laboratory Animals of Razi Vaccine
and Serum Research Institute, Iran. All animals were housed in a standard
temperature (22-23 °C), humidity of 55% and reversed 12-h light-dark cycle
(lights on 8 am) with ad libitum access to food and water. After weaning,
animals were acclimated to the treadmill and ladder for three days (23-25 days)
and then divided into three groups: combined training, play in an enriched
environment, and control (n=9). The combined training consisted of endurance
and resistance training, each performed on odd and even days, respectively.
First, the maximal running capacity test was performed to determine the
intensity of the training according to the previous specific protocols (5). After a
five-minute warm-up, endurance training was performed at 70% of maximal
running speed (14-16 meters per minute). The training duration was also
gradually increased to 45 minutes in the last week (6). Based on maximal
exercise capacity, a resistance training protocol was performed by climbing the
ladder. The first through fourth movements were carried out at 50, 75, 90 and
100 % of maximum load, respectively and then weights of 7 g gradually added.
There were a total of eight climbs up the ladder with a two-minute rest (7). In
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addition, an animal park was designed to create an enriched environment. The
prepubescent rats were housed together in a large metal cage with toys and
objects of various shapes and textures. The animals also had access to running
wheels and ladders for voluntary physical activity. In general, this environment
provided the animals with opportunities to play and have fun (8). Water bottles
were attached to the cage walls and food containers were placed on the floor.
The interventions lasted for three weeks (28-48 postnatal days). Subsequently,
all animals were kept in the standard cages without any intervention until
adulthood (48-85 postnatal days). After this period, the animals were sacrificed
and hippocampal tissues were removed for biochemical and histological
evaluation. The Western blotting method was used to measure protein BDNF
according to the manufacturer's instructions. Equal amounts of samples (25 ug)
were added to 8 % SDS-PAGE gel wells and GAPDH protein was considered as
reference or control protein. The number of cells in DG and CA regions of the
hippocampus was determined by Nissl staining. The Paxinos and Watson atlas
of the rat brain was used to section the hippocampus. Images of the tissue
section were then taken and Image J software was applied to count the cells in a
range of approximately 6000 pum. The data were analyzed using SPSS 19.
Accordingly, the normal distribution of the data was confirmed using the
Kolmogorov-Smirnov test and the one-way ANOVA test used to detect
significant differences between groups (P<0.05). In this study, ethical principles
were considered according to the laws of protection and care of laboratory
animals, approved by the National Ethics Committee in biomedical research of
Shahid Beheshti University. In this regard, the number of animals was
determined based on the research need, and harm to the animals during care and
training was minimized.

Results

Western blot results showed a significant difference in BDNF protein levels
between groups [(F (2, 15) = 14/82, P=0.0003)]. Tukey's post hoc test also
revealed that BDNF levels increased significantly in the groups with combined
training (P=0.0015) and play in an enriched environment (P=0.0004) after three
weeks of intervention. On the other hand, we found that the number of cells in
the DG region of the hippocampus was significantly different between the three
groups [(F (2, 9) = 7.157, P=0.0138)]. In this regard, the number of cells
increased significantly in both the combined training (P=0.0150) and play
groups in an enriched environment (P=0.0443) compared to the control group.
Furthermore, the number of cells in the CA1 region was different [F (2, 9)
=10.59, P=0.0043]. The results of the post-hoc test demonstrated that the
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number of cells in the CAL region was significantly higher in the play group in
an enriched environment than in the combined training (P=0.0344) and control
(P=0.0037) groups. No significant difference was also found in the combined
training group compared to the control one (P=0.3431).

Conclusion

The combination of endurance and resistance training may play an important
role in increasing BDNF levels and subsequent cellular changes. Increased cell
number in the DG region of the hippocampus might be indirectly associated with
cell proliferation and increased exercise-induced neurogenesis (9). In addition to
the type of exercise, animal studies have reported that growth factors and
neurogenesis are also affected by the intensity of training too. Moderate stress
probably leads to the observed beneficial effects (10). On the other hand, an
enriched environment may allow animals to exercise in spaces such as a well-
equipped playground (11). Play experiences involving endurance (cycling) and
resistance (ladder climbing) activities, as well as cognitive stimulation are
effective in increasing BDNF levels and the number of cells in the DG and CA1
regions of the hippocampus (12). According to the findings of this study, it can
be concluded that training interventions such as organized exercise and active
play during sensitive developmental periods have strong and long-lasting effects
on the hippocampal structure by increasing BDNF expression.

Keywords: Brain Development, Combined Training, Play in an Enriched
Environment, Prepubertal Period
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Figure 2- Animal housing in an enriched environment
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1. Radio Immune Precipitation Assay Buffer

2. Mouse Anti-BDNF Antibody (ab203573)

3. Mouse 1gG Kappa Binding Protein conjugated to Horseradish Peroxidase (sc-516102)
4. Rabbit Anti-GAPDH antibody [EPR16884] - Loading Control (ab181603)

5. Goat Anti-Rabbit 1gG H&L (HRP) (ab205718)

6. Image J
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Figure 3- Effect of play in an enriched environment and combined training in the
pre-pubertal period on BDNF levels. (One replicate of the western blot is shown for
each condition) **P < 0.01, *** P < 0.001 vs. control group.
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