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Abstract

Purpose: Adolescence is a period of development affected by numerous hormonal and neurochemical changes.
During this period, time spent with peers and experiences are known to have neurodevelopmental benefits.
The hippocampus is a brain region where the production of new neurons after birth continues throughout life
and is sensitive to changing social interactions. In this study, we aimed to investigate the effects of changing
social interactions on behavioral parameters, doublecortin (DCX) expression, and total neuron numbers in the
hippocampus of rat pups.

Materials and methods: 21-day-old male and female Wistar albino rats were divided into three groups: control,
social isolation, and environmental enrichment. Social isolation and environmental enrichment were applied
for 4 weeks. Behavioral parameters were analyzed using ball burying, social interaction, and open-field tests.
Following the behavioral tests, the rats were euthanized, and their hippocampal tissues were extracted. Cresyl
violet staining was performed on paraffin sections, and DCX immunohistochemistry was performed on floating
sections.

Results: Increased social interactions had positive effects on exploratory behavior in adolescent rats. Decreased
social interactions caused anxiety, depression behaviors, and increased locomotor activity. Histological analysis
revealed a significant increase in the total number of neurons and DCX-positive neuroblasts in the dentate gyrus
in the environmental enrichment group. In the social isolation group, a significant decrease in the total number
of neurons and DCX-positive neuroblasts was observed.

Conclusion: These results implied that changing social interactions during the weaning period have an effect
on neurogenesis and the number of mature neurons in the DG, and this effect is regulated by different survival
mechanisms.

Keywords: Hippocampus, neurogenesis, doublecortin protein, social isolation, social interaction.

Yavas SE, Ersoy S. Effects of different social interactions on hippocampal neurogenesis and neuron numbers
in juvenile rats: a histological and behavioral study. Pam Med J 2025;18:783-793.

0z

Amag: Ergenlik, cok sayida hormonal ve nérokimyasal degisimden etkilenen bir gelisim dénemidir. Bu dénemde
akranlarla gegirilen zamanin ve deneyimlerin ndrogelisimsel faydalari oldugu bilinmektedir. Hipokampus,
dogumdan sonra yeni néron uretiminin yagsam boyunca devam ettigi ve degisen sosyal etkilesimlere duyarli bir
beyin bélgesidir. Bu galismada, degisen sosyal etkilesimlerin sican yavrularinin hipokampusundaki davranigsal
parametreler, doublecortin (DCX) ekspresyonu ve toplam néron sayilari Ulzerindeki etkilerini arastirmayi
amagcladik.

Gereg¢ ve yontem: 21 glnlik erkek ve disi Wistar albino siganlar kontrol, sosyal izolasyon ve gevresel
zenginlestirme olmak Uzere U¢ gruba ayrildi. Sosyal izolasyon ve gevresel zenginlestirme 4 hafta boyunca
uygulandi. Davranissal parametreler bilye gdmme, sosyal etkilesim ve acgik alan testleri kullanilarak analiz
edildi. Davranis testlerinin ardindan sakrifiye edilen siganlarin hipokampdsleri ¢ikarildi. Parafin kesitlerde Crezil
violet boyamasi ve ylizen kesitlerde DCX immunohistokimyasi yapildi.

Bulgular: Artan sosyal etkilesimlerin ergen siganlarda kesif davranisi Gzerinde olumlu etkileri olmustur. Azalan
sosyal etkilesimler anksiyete, depresyon davranislari ve lokomotor aktivitede artisa neden olmustur. Histolojik
analiz, gevresel zenginlestirme grubunda dentat girustaki toplam néron ve DCX-pozitif néroblast sayisinda
onemli bir artis oldugunu ortaya koymustur. Sosyal izolasyon grubunda ise toplam néron ve DCX-pozitif
ndroblast sayisinda anlamli bir azalma gézlenmistir.

Sonug: Bu sonuglar, siitten kesme déneminde degisen sosyal etkilesimlerin nérogenez ve DG'daki olgun néron
sayisi Uzerinde etkisi oldugunu ve bu etkinin farkli hayatta kalma mekanizmalari tarafindan dizenlendigini
gOstermistir.
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Introduction

Social bonds are crucial for the survival
of juveniles [1]. Restricting social interaction
in conditions such as social isolation (Sl) is
detrimental to physical and cognitive health [2].
Sl causes numerous behavioral, morphological,
and functional abnormalities in the central
nervous system (CNS) [3]. Stress is associated
with increased proinflammatory cytokines, [4]
decreased neurotrophin expression, [5, 6] and
glucocorticoid signaling, resulting in decreased
hippocampal neurogenesis [7]. Social isolation
is also a form of stress that affects some
hippocampus-related  functions, such as
learning and memory, and can lead to emotional
disorders [3].

Environmental enrichment (EE) is a term
used to describe exposing laboratory animals
to more physical and/or social stimulation than
standard housing conditions. It is classified in
two ways: Physical environmental enrichment
includes structural changes such as increased
floor space and exercise, toys (plastic tunnels,
wooden objects to gnaw on, ropes, swings,
balls, and ramps) [8, 9]. Social enrichment
involves housing animals in groups and
dynamic interaction between the animals
and the caregiver. Ideally, social and physical
enrichment elements are preferred [10]. It has
been shown that EE affects neurotrophic factors
such as Brain-Derived Neurotrophic Factor,
Glial cell line-derived Neurotrophic Factor, and
Nerve Growth Factor, which provide neuronal
proliferation and synaptic function [11-13].

Neurogenesis continues in the brains of
many animal species, including humans, after
birth and into adolescence. It occurs particularly
prominently in the hippocampal formation’s
dentate gyrus (DG) [14]. Doublecortin (DCX)
is a microtubule-associated protein critical
for regular neuronal migration during the
developmental period. The adult mammalian
brain is a reliable marker for distinguishing
post-mitotic immature neurons [15]. However,
in the literature, the effect of different social
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interactions on juvenile neurogenesis has yet
to be previously evaluated in DCX-expressing
neuroblasts.

Distance and social isolation (Sl) have
recently been proposed to prevent the spread
of the massive pandemic caused by the Severe
Acute Respiratory Syndrome Coronavirus-2
[16]. However, long-term Sl is known to disrupt
brain physiology and cause problems in different
cognitive and emotional development contexts
[17]. This study aimed to investigate the effects
of social isolation or environmental enrichment
during the weaning period on neurogenesis
by doublecortin immunohistochemistry in the
hippocampus, total number of DG neurons, and
anxiety in rats.

Materials and methods
Animals and experimental design

A total of 30 male and female Wistar albino
rat pups, aged 20-21 days (weaning age)
and weighing 50-60 grams, were used as
experimental animals. The rats were kept on
a 12 h dark/12 h light cycle with free access
to water and feed. The pups were housed
with their parents in standard birth cages until
weaning. Then, the animals were randomly
divided into three groups as: 1.) control (C)
(n=10), 2.) social isolation (Sl) (n=10), and 3.)
environmental enrichment (EE) (n=10). Based
on previous similar research, the number of
animals per group was determined by an a
priori power analysis assuming Cohen’s
f=0.60 (large effect) and conducted at the 95%
confidence level (a=0.05). Animals weaned
at 21 days of age were exposed to different
social interaction treatments for 4 weeks.
After the social interaction phase, behavioral
tests were performed, and then the subjects
were sacrificed, and their brains were used for
histological analyses.

Wistar rats from the same facility were
used as “external peers” for social interaction
experiments.
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To perform our experiments, ethical approval
was obtained from the Local Ethics Committee
for Animal Experiments of Bursa Uludag
University on 05.04.2022, decision number
2022-03/03. All experiments were performed
in the research laboratories of Bursa Uludag
University Experimental Animal Breeding
Application and Research Center (DEHYUAM)
and Bursa Uludag University Faculty of Medicine,
Department of Histology and Embryology.

Social isolation and environmental

enrichment model

Male and female rat pups randomly selected
at weaning were housed in single rat cages to
create a social isolation model. The socially
isolated rats were kept in dark-colored plastic
cages with only a top wire and light access so
that they could only hear other rats and not see
them in other cages. They were prevented from
seeing the researchers except for daily feed
and water monitoring. In the environmental
enrichment model, pups were housed in groups
of 3 or 4 in large cages containing thick litter
containing rodent exercise balls, toys for
gnawing, and tunnels. Control group rats were
housed in standard laboratory cages with 3 or 4
rats per cage. The researchers handled rats in
the EE group for 20 minutes each daily during
the experimental period.

Behavior tests
MBT: Marble Burying Test

This test is used to assess depression and
anxiety in rodents. Standard polycarbonate rat
cages (20 cm x 35 cm x 17 cm) were used as
the test arena. Fresh sawdust 5 cm thick was
placed in each cage, and the surface was
leveled. Standard glass toy balls were placed
on the sawdust surface in 3 columns x 5 rows
= 15 rows. The balls were washed with 10%
ethanol, rinsed thoroughly in distilled-deionized
water, and dried before each use. The rat was
placed in a corner of the cage with the balls, as
far away from the balls as possible, and left in
the cage undisturbed for 30 minutes. After the
time was up, the subject was removed from the
cage and returned to the nest without moving
or removing the balls. The number of balls with
two-thirds of the surface area covered with
chips was scored as 1 point. Mean values were
calculated using the number of embedded balls
per subject.

OFT: Open Field Test

The open field test is widely used to test
rodents’ exploratory behavior, anxiety state,
and general locomotor activity. The open field
consists of a plastic cabinet (57 cm x 57 cm x
47 cm) surrounded by black plastic walls. Rats
were placed in the cabinet’s center and allowed
to explore the open arena for 5 minutes. A
video tracking system recorded the time and
movements spent in the center, periphery, and
corners of the arena (EthoVision XT, Noldus).
Between experiments, the chamber was cleaned
with 10% ethanol. Time spent in the center and
peripheral part of the booth was assessed to
assess voluntary exploration of unsafe areas.

Open field - social interaction test

Following the open field test, rats were
subjected to a social interaction test. The test
arena consisted of modifying the open field
enclosure [18]. First, each rat was placed in an
open field arena containing an empty wire cage
for 5 min and allowed to recognize the empty
cage. The rat was removed, and a young, non-
pubertal rat was added to the wire cage. The
subject rat was placed back in the arena and
spent 5 minutes with the stranger rat. Social
interaction was automatically calculated as time
spent in the ‘social interaction zone’ while the rat
was in the arena.

Sacrification and tissue collection

16-24 hours after the last behavioral test, rats
were anesthetized by high dose ether inhalation,
and perfusion fixation with intracardiac buffered
4% paraformaldehyde was performed. After
fixation, the removed brains were postfixed in
4% paraformaldehyde at +4°C for 24 hours.

The brain tissue of half of the rats (n=15) in the
experimental group was preserved as paraffin-
embedded tissue for subsequent histological
analysis. The remaining half of the rats (n=15)
underwent postfixation, after which 40 pm-thick
serial free-floating sections were obtained from
the brains using a vibratome. These sections
were collected in glass vials to form sets of
five serial sections. Sections containing the
hippocampal region were identified and selected
for immunohistochemical analysis.
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Nissl staining

Coronal 5um serial paraffin sections taken
from the hippocampus were stained with
0.5% cresyl violet stain. The total number of
neurons in the dentate gyrus was determined
by evaluating three fields at 40x objective in 5
sections of each subject.

Immunohistochemistry and cell counting

By doublecortin  immunohistochemistry
applied to coronal 40um serial floating
sections obtained from the hippocampus,
the differences between S| and CE groups
were evaluated according to the changes in
expression levels in the hippocampal tissue. In
immunohistochemistry applications, the sections
removed from the freezer were brought to room
temperature and washed in TRIS (pH 7.6) buffer
for 3x5 min. After protein blocking, the sections
were incubated with doublecortin antibody
(Santa Cruz DCX, 1:200) for 2 nights at +4°C
and then with donkey anti-mouse biotinylated
secondary antibody (1:300, Jackson) for 2
hours at room temperature. Sections were
then ABC complexed and visualized with DAB
chromogen.

Cell counts were performed in 5 coronal
sections per rat obtained from different levels of
the hippocampus (Bregma between, -2.80 and
-4.30), which were labeled with anti-Doublecortin
antibody, according to the Rat Brain Atlas [19].
Images were photographed with an Olympus
BX50 photomicroscope. DCX (+) cell counts
were performed using Qupath software.

Statistical analyses

For statistical analyses, the meanzstandard
deviation of the data and the difference between
groups were performed using the SPSS 26.0
program (IBM). Before comparing all groups
in terms of statistical differences, the normal
distribution of the data was evaluated by the
Shapiro-Wilk test. The data were normally
distributed if the value obtained with the
Shapiro-Wilk test was more significant than
0.05. The One-Way ANOVA test evaluated the
differences between normally distributed data.
Firstly, whether the variances in the groups
were homogeneously distributed was analyzed
by Levene’s test; if they were homogeneously
distributed, the One-Way ANOVA was used; if
they were not, the same groups were analyzed
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by the Kruskal Wallis test. The evaluation of
differences between those not customarily
distributed was also analyzed using the Kruskal-
Wallis test. A value of p<0.05 was accepted for
statistical significance.

Results

To examine the effects of social isolation
and environmental enrichment on depression,
anxiety, and locomotor activity, rats were
subjected to the Open Field Test (Figure 1A).
According to the data of the ball burying test,
one of the tests in which anxiety behavior was
evaluated, the increased burying behavior
observed in the social isolation group (SI:
11.33+0.91) rats was significant compared to
the other two groups (C: 6.28+1.14, p=0.04; EE:
6.33+0.84, p=0.014) (Figure 1B). In terms of the
time spent in the center of the open field arena,
another test parameter that allows the evaluation
of anxiety behavior, a decrease was determined
in the isolation group rats compared to the
other two groups. Still, it was not statistically
significant (C: 24.60+5.04; SI:16.851£2.72;
EE: 28.72+5.56; p=0.280) (Figure 1C). The
rats in the EE group entered the center of the
open field arena in higher (EE vs C, p=0.044)
numbers than the control group (C: 8.20+1.01;
EE: 14.00+1.22; Sl: 8.50+2.39) (Figure 1D).
The total distance (C: 1343.52+118.01; EE:
1791.27£189.53; SI: 1894.93+152.12, C vs
Sl, p=0.016) traveled and total movement
time (C: 183.2418.49; EE: 203.00+11.85; SI:
219.5245.45, C vs Sl, p=0.036) in the open field
arena were significantly increased in the social
isolation group compared to the control group
(Figure 1E-F).

A social interaction test involving the
modification of the open field arena was
performed to examine the effect of EE and Sl
on social interaction in rats. Figure 2A shows
the representative heat maps of the rats of the
experimental groups, indicating the time they
were in the arena during the experimental period.
Rats in the S| group exhibited a significant
reduction in social interaction behavior with a
stranger rat compared to both the controland EE
groups (C: 157.57+12.87; EE: 161.65+£18.75;
Sl: 85.42+7.27, C vs Sl, p=0.005 and EE vs S,
p=0.003). However, no statistically significant
difference in social interaction was observed
between the EE group and the control group
(p=1.00) (Figure 2B).
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Figure 1. Effects of social isolation and environmental enrichment on depression, anxiety, and
locomotor activity

Open Field Test, representative images showing typical exploratory behavior of groups (A)
Ball burying test Kruskall Wallis: x3(2, N:19)=8.49, p=0.014 (B)

Time spent at the center in Open field test area, ANOVA:F(2.11)=1.43 p=0.280, (C)
Frequency of entry to the center, ANOVA:F(2.11)=4.748, p=0.033 (D)

Total distance in test areas, Kruskall Wallis test: x2(2)=6.15, p=0.046, (E)

Total movement time ANOVA:F(2.12)=4.08, p=0.044, (F). *: C and SI; #: Sl and EE
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Figure 2. Effects of social isolation and environmental enrichment on the open field-social interaction
test

Representative heat maps of time spent in the social interaction area in the test arena (A)
Comparison of social interaction time between groups (B). *: C and SI, #: Sl and EE. ANOVA: F(2.18)=9.68, p<0.001
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When the number of DCX (+) neuroblasts
in the DC was evaluated between groups
(C: 3054.63+162.47; EE: 3748.25+198.81;
Sl: 2.148.83+171.38) (Figure 3A-C), it was
found that the 4-week S| treatment caused a
statistically significant decrease compared to
the control group (C vs SI, p=0.023),. Increased
social interaction with EE caused a significant
increase in the number of DCX (+) neuroblasts
(C vs EE, p=0.008; Sl vs EE, p=0.001) (Figure
3-D). It was also observed that some of the
DCX (+) neuroblasts in the isolation group had
shorter apical dendrites.

Control Social Isolation

When the number of neurons stained
with cresyl violet in the dentate gyrus was
evaluated between the groups (C: 68.59+2.04;
EE: 79.55+2.28; Sl: 60.90+£1.94) (Figure 4A-
C), a significant decrease in the total number
of granule neurons was found in the Sl group
(C vs SI, p=0.034), and a significant increase
was seen with EE (C vs EE, p=0.006; Sl vs EE,
p<0.001) (Figure 4D).

Environmental Enrichment

DCX (+) cells

EE

Figure 3. Effect of social isolation and environmental enrichment on neuroblast numbers according
to DCX immunohistochemistry in the subgranular zone

Representative photographs of DCX (+) stained neuroblast expressions in the subgranular zone of the groups (A-C). High-magnification images
of neuroblasts in the subgranular zone of the groups (A-I-Cl). Comparison of the DCX (+) cell number between groups (D)

Kruskall Wallis Tests: x*(2, N=75)=28.24, p<0.001

ok

O Dentat granul cells (240 pm?)
° 1]

EE

Figure 4. Effects of social isolation and environmental enrichment on dentate gyrus granular neuron

numbers

Representative photographs of the histomorphologic appearance of the groups dentate gyrus and granule neurons, cresyl violet (A-C).
Comparison of the number of granule neurons per field between groups (D). *: C and Sl, #: Sl and EE. Kruskall Wallis Tests: x?(2, N=360)=29.12,

p<0.001
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Discussion

In this study, the effects of isolation, which is
a negative social experience, and environmental
enrichment, which is considered a positive
social experience, on anxiety, movement, and
social interaction in Wistar rats during the
weaning period were investigated by behavioral
tests, and DC neurogenesis was examined by
the immunohistochemical method. According
to the results of numerous studies in humans,
post-weaning social isolation is a risk factor
for mental health problems in adolescence
[2, 3, 20]. In contrast to SI, EE involves many
social stimuli. Previous studies have generally
focused on environmental enrichment in
adulthood. Still, adolescence is a critical
period for the development of mood disorders
in humans, and most mood disorders are first
diagnosed between the ages of 12-18 [21].
During adolescence, neuronal circuits affecting
emotional, social, and cognitive pathways go
through critical periods and are shaped by
environmental factors [22-25].

Social isolation is used as a model of
depression in rodents because this condition
is caused by hypofunction of the serotonergic
system [26, 27]. In our study, the social
isolation stress that 21-day-old Wistar rat pups
were exposed to during the weaning period
caused them to exhibit significant behavioral
impairment in the ball-burying test. Although
there was no statistical significance, a decrease
was also observed in the evaluations of entry
to the center of the test arena in the open field
test. Similar results were consistent with a
study conducted in male Sprague Dawley rats
exposed to prolonged isolation stress for 10 and
29 weeks at weaning [28].

The findings of locomotor activity in the open
field arena showed that this activity increased
significantly after SI compared to the control
group. This suggests that social isolation may
cause locomotor hyperactivity in rats. Some
recent studies also confirm our results of social
isolation-induced increased locomotor activity
[29-30]. This finding seems to be consistent
with the childhood Attention Deficit Hyperactivity
Disorder (ADHD) phenotype in humans [31].
Although not statistically significant, the increase
in activity observed in the EE group was thought
to be related to the increase in the impulse to
explore.

Social experiences during adolescence play
a fundamental role in rats’ social, cognitive,
and emotional development [32]. Social
behavior can be measured by observing
specific social interactions. The enriched
environment reversed the decreased interest
in initiating social contacts caused by chronic
methylphenidate ingestion in Wistar pups [33].
In our study, the subject rat was compared with
an unfamiliar peer rat in a test arena where it
could see and smell the rat. Time spent in the
social interaction zone did not change with
increased social interaction. However, rats
exposed to social isolation showed less interest
in social interaction with the new rat.

The hippocampus is a critical brain region
involved in learning, memory, and emotional
control. The hippocampal neurogenesis that
continues into adulthood also plays a vital
role in emotional regulation. Impairments
in neurogenesis and neuronal integration
are recognized as pathological features of
neurodegenerative disorders [34, 35]. DCX
(+) neuroblasts represent early stages of new
neurons that play a crucial role in the regulation
of learning, memory, and emotional functions
[36]. The effects of environmental stimuli and
experiences on these cells are critical for
understanding the dynamic nature of brain
plasticity. Increased DCX expression indicates
stimulated neurogenesis and support of brain
functions, whereas a decrease is associated
with cognitive decline, particularly in stress-
related and neurodegenerative processes [37].
Given the demonstrated association between
anxiety and altered neurogenesis, [38] we
evaluated whether the hippocampal neurogenic
process causes anxiety behavior induced
by social changes. Numerous experimental
studies in recent years have shown that social
isolation causes behavioral changes resembling
depression, can increase microglial and
astrocyte activation in the prefrontal cortex and
hippocampus, and reduces adult hippocampal
neurogenesis [39-42]. Studies show that chronic
stress affects the development and maturation
of the dendritic tree of immature neurons and
dendritic remodeling in mature neurons in the
adult brain [43-46]. Behavioral deficits and
impairments after stress may also be related
to morphological damage with short dendritic
trees, which may be effective in the later stages
of the development and maturation of DCX (+)
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cells. In our study, the decrease in the total
number of neurons by cresyl violet staining
and the decrease in the number of DCX (+)
neuroblasts by immunohistochemistry in the Sl
group suggest that isolation negatively affects
neurogenesis. The decrease in the number of
DCX (+) neuroblasts and total neurons due to
social isolation indicates the adverse effects
of stress on the hippocampus. Social isolation
may negatively impact neurogenesis during
developmental periods through elevated
glucocorticoid levels [47]. These findings of our
study are consistent with previous research
demonstrating that chronic stress disrupts
the structural and functional integrity of the
hippocampus and inhibits the formation of new
neurons.

Studies reported that hippocampal cell
layers were more extensive, and there were
15% more granule cell neurons in dentate
gyri in mice with environmental enrichment
modification. In addition, it has been stated that
the learning ability of the rodents administered
ES was also increased compared to controls
[48]. Environmental enrichment in 5-week-old
Swiss Webster mice did not alter ball-burying
behavior induced by chronic toluene exposure.
Still, it reversed the toluene-induced reduction
in DCX (+) neuroblast numbers [26].

Environmental enrichment includes stimuli
such as an environment enriched with objects,
physical exercise, and social interaction. These
stimuli enhance brain plasticity and promote
the generation of new neurons in the dentate
gyrus [50]. This stimulating environment may
contribute to the maintenance and improvement
of hippocampal functions by supporting
neurogenesis. In our study, the increase in
DCX (+) neuroblasts following environmental
enrichment appears to be consistent with the
neurogenesis-enhancing effects reported in the
literature. However, most studies have focused
on the effects of environmental enrichment on
DCX (+) neuroblast numbers in older people
and adults. According to our results, 4 weeks
of positively enhanced social interactions that
we administered to Wistar rats at 21 days
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of weaning caused an increase in DCX (+)
neuroblast numbers and total dentate gyrus
neuron numbers, indicating that similar effects
are also observed in the early stages of life, as
well as being in parallel with studies of the same
period.

In this study, male and female rat pups
were subjected to social enrichment together,
and both sexes were exposed to social
isolation conditions; however, analyses were
not conducted separately by sex. Similar
experimental approaches have also been
reported in the literature [50]. Although potential
effects of sex differences on experimental
outcomes in neuroscience are acknowledged,
due to the limited sample size, analyses had
to be performed by combining data from both
sexes. Furthermore, the primary aim of our study
was to reach general conclusions rather than to
identify sex-specific differences. Therefore, the
data were analyzed and presented collectively.
Nonetheless, future studies with larger sample
sizes investigating sex effects in more detalil
would further elaborate on these general
findings. Accordingly, the inability to evaluate
sex effects in detail should be considered a
limitation of this study.

In conclusion, neurogenesis is a multi-
step dynamic process. For neurogenesis to
be successful, the processes of proliferation,
migration, differentiation, and survival must be
complete. Our results may provide insight into
the activity of the hippocampal stem cell niche in
the adult neurogenesis of positive and negative
social interactions. We also revealed that these
interactions interfere with various stages of
neurogenesis in the hippocampal dentate gyrus,
affecting neuroblast numbers, social interaction,
and anxiety behavior (Figure 5). Mandatory
social restrictions under the recent COVID-19
measures and social isolation, especially for
children, have been a major problem worldwide.
This has led research to focus on the molecular
mechanisms of the effects of social isolation.
In conclusion, our results will contribute to
understanding molecular mechanisms and
environmental factors that impact behavior.
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Figure 5. Social isolation applied to weaning rats for 4 weeks decreased the number of dentate
gyrus mature neurons and DCX (+) immature neurons, whereas environmental enrichment
increased the number of dentate gyrus mature neurons

NSC: Neural Stem Cell, GCL: Granular Cell Layer, SGZ. Subgranular Zone
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