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Abstract 

Stress is a common experience of daily life and all organisms have evolved mechanisms and strategies 
to deal with crucial alterations in their internal and external environment. 
weaning life influence brain development and subsequent a
to observe neurodegeneration in normal and stressed condition in Postweaning age group of mice. 
Experiments were conducted to investigate the effect of restraint stress and foot shock stress applied 
for 5 days (short duration) and 21 days (long duration). BALB/ C strain of Albino mice were used. In 
restraint stress, animals were restrained for 6 hours daily in a restraining device. In foot shock group, 
animals were given intermittent electric foot shock for 3
apparatus. Animal were sacrificed at the end of stress exposure period along with their age matched 
control mice and the brains were processed for histological examination both in control and 
experimental groups. Numbers of v
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Stress is a common experience of daily life and all organisms have evolved mechanisms and strategies 
to deal with crucial alterations in their internal and external environment. Events early in post
weaning life influence brain development and subsequent adult behaviour. This study was conducted 
to observe neurodegeneration in normal and stressed condition in Postweaning age group of mice. 
Experiments were conducted to investigate the effect of restraint stress and foot shock stress applied 

t duration) and 21 days (long duration). BALB/ C strain of Albino mice were used. In 
restraint stress, animals were restrained for 6 hours daily in a restraining device. In foot shock group, 
animals were given intermittent electric foot shock for 3 hours daily in an electric foot shock 
apparatus. Animal were sacrificed at the end of stress exposure period along with their age matched 
control mice and the brains were processed for histological examination both in control and 
experimental groups. Numbers of viable neurons in the cingulate gyrus regions were counted. The 
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This study was conducted 
to observe neurodegeneration in normal and stressed condition in Postweaning age group of mice. 
Experiments were conducted to investigate the effect of restraint stress and foot shock stress applied 

t duration) and 21 days (long duration). BALB/ C strain of Albino mice were used. In 
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data were analysed between the groups. Results of the study revealed neurodegenerative changes in 
the stressed group compared to control in both the experimental groups. Severe neurodegenerative 
changes were observed on prolonged exposure to stress.  
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Introduction 

Stress is a highly individualized response of an 
organism to external or internal challenges which 
is possible or impossible to be controlled based 
on an individual’s ability. Any stimulus that 
displaces the state of normal physiological 
function can cause stress [1]. Events early in 
post-weaning life influence brain development. 
Exposure to stress during the juvenile period can 
exert long-term effects on the brain and 
behaviour [2]. Any stimulus which displaces the 
state of normal physiological function can cause 
stress and has its effect in various forms [3]. 
Increased activity in the subgenual region of the 
anterior cingulate cortex which has been 
consistently linked with depression is related to 
heightened sensitivity to peer rejection among 
adolescents [4]. Acute and chronic stresses are 
characterized by the physiological changes that 
occur in response to novel or threatening stimuli. 
The neuroendocrine damages in response to 
acute and chronic stresses are mediated by both 
the sympathetic nerve system and the 
hypothalamus-pituitary-adrenal (HPA) axis [5]. 
Most of these studies have concentrated on the 
adult brain. However stress exposure in the 
postweaning period is seldom discussed. The 
present study was therefore an attempt to reveal 
the same. 
 

Material and methods 

Animals 
In the present study, postweaning age group (21 
days old pups) of albino mice of BALB/C strain 
of both sexes was used. Control and 
experimental groups consisting of six mice in 
each group were formed randomly. Ethical 
clearance was taken from institutional animal 
ethical clearance committee, Manipal University 
(IAEC/KMC/100/2012). The mice were 

maintained in institutional animal house, 
Manipal University. 
 
Experimental design 
The animals were divided into three subgroups. 
(a) Control (C)  
(b) Restraint stress (RS) 
(c) Foot shock stress (FSS) 
 
Both control and stress groups consisted of two 
sub groups according to duration of stress: Short 
duration stress (5 days stress group) and Long 
duration stress (21 days stress group).  
 
In the control group, mice remained undisturbed 
in their home cage. In the restraint stress group 
(RS), the mice were stressed for 6 hours per day 
from postnatal day 22 to postnatal day 26 (5 days 
stress) and from postnatal day 22 to day 42 
(21day stress) in a restraining device, which 
consisted of a wooden platform to which a wire-
mesh was attached for 5 and 21days. In the foot 
shock stress group (FSS), mice were given 
intermittent electric foot shock for three hours 
per day from postnatal day 22 to postnatal day 26 
(5days stress) and from postnatal day 22 to day 
42 (21day stress) for 5 and 21 days. 
 
Tissue procurement and processing 
At the end of stress exposure period these mice 
were sacrificed along with their age matched 
control mice for histological studies. Each mouse 
was anesthetized with a high dose of ether and 
fixation was performed by trans-cardiac 
perfusion with 0.9% saline followed by 10% 
formalin. The brain was removed and kept in 
10% formalin for 2 days post fixation. Paraffin 
blocks were made and coronal sections of 5µm 
thickness were cut using a rotary microtome. The 
sections were labelled and mounted on to air 



Bangera H, Prakash Babu B, D’Souza AS, Manjula SD, Rao MK, Sushma RK. Stress effect on neurons of cingulate gyrus in 
postweaned albino mice - A histological study. IAIM, 2015; 2(7): 30-35.                       

 Page 32 

 

dried gelatinised slides and were stained with 
cresyl violet [6]. 
 
Light microscopic examination  
The stained slides were examined under 10X and 
40X magnifications using a light microscope. 
The cingulate gyrus was identified with the help 
of Paxinos and Watson’s atlas. Proper stained 
slides without artefacts in the regions of interest 
were considered for counting the neurons.  
 
Cell counting  
Ten sections from each mouse were selected for 
counting. Number of viable neurons in the 
Cingulate gyrus was counted with 40X 
magnification across 250µ length with the aid of 
ocular micro meter. All the slides were coded 
before the counting to avoid the manual bias. The 
results were expressed as number of viable cells 
per unit length of the field (Number of 
cells/250µ).  
 
Statistical analysis 
The data were analysed with one way Anova 
followed by Dunnets`s post-test to compare the 
experimental groups with control and 
Bonferroni’s multiple comparison test to 
compare between all the groups using Graph Pad 
Prism, version 5 (Graph Pad Prism Software inc., 
USA). The results were expressed as Mean ± SD, 
p value less than 0.05 was considered statistically 
significant. 
 

Results 

Short duration stress 
Results of the present experiment showed 
significant decrease in number of viable neurons 
in the cingulate gyrus in both restraint and foot 
shock stressed mice in comparison to their age 
matched control (p value < 0.0001). Further the 
numbers of viable neurons were significantly low 
in foot shock stressed mice compared to restraint 
stress group (p value < 0.0001) (Figure – 1, 2). 
 
Long duration stress 
Significant decrease in the number of viable 
neurons of the cingulate gyrus was observed in 
both restraint and foot shock stressed mice in 
comparison to their age matched control (p value 
< 0.0001). The severity of neurodegeneration in 
both restraint and foot shock stressed groups was 
similar and not statistically significant (Figure – 
3, 4). 
 
Neurodegeneration of the cingulate gyrus was 
seen in both the stress groups exposed to shorter 
and longer durations. Further the numbers of 
viable neurons were less in stress groups of 
longer duration compared to shorter duration. 
This indicated that the severity of 
neurodegeneration increased with the duration of 
stress. 
 
 

Figure - 1: Cresyl violet stained histomicrographic picture taken under 40X magnification showing 
coronal sections of cingulate gyrus region of 5 days restraint stressed and foot shock stressed post 
weaned mice compared to the age matched control. (C-control, RS-restraint stress, FSS-foot shock 
stress) 
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Figure - 2: Graphical representation of the number of viable neurons across 250 micron length in 
cingulate gyrus region of 5 days restraint stressed and foot shock stressed post weaned mice in 
comparison to their age matched control. 
Each data represents Mean±SD. *p value<0.0001 compared to control, **p value<0.0001 compared 
to RS. CG-cingulate gyrus-control, RS-restraint stress, FSS-foot shock stress 
 

 
Figure - 3: Cresyl violet stained histomicrographic picture taken under 40x magnification showing 
coronal sections of cingulate gyrus region of 21 days restraint stressed and foot shock stressed post 
weaned mice compared to the age matched control. (C-control, RS-restraint stress, FSS-foot shock 
stress) 

 
 
Figure - 4: Graphical representation of the number of viable neurons across 250 micron length in 
cingulate gyrus region of 21days restraint stressed and foot shock stressed post weaned mice in 
comparison to their age matched control. Each data represents Mean±SD. (CG-cingulate gyrus-
control, RS-restraint stress, FSS-foot shock stress) 
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Discussion 

Stress early in postnatal life may result in long-
term memory deficits and selective loss of 
hippocampal neurons. The mechanisms involved 
are poorly understood, but they may involve 
molecules and processes in the immature limbic 
system that are activated by stressful challenges 
[7]. 
 
The present study was done to see the effects of 
duration of restraint stress and foot shock stress 
on cingulate gyrus neuronal morphology in post 
weaning group of albino mice. Results revealed 
extensive neurodegeneration in both restraint and 
foot shock stress of short and longer duration in 
comparison to their age matched control mice. 
Stress exposed brain showed histopathological 
changes suggesting necrosis/ apoptosis. The 
neurodegeneration observed in the present study 
was similar to histopathological changes 
observed in this experiment. 
 
Short duration stress exposed animal brain 
showed less degeneration in restraint stress than 
foot shock stress. In long duration stress, there 
was significant loss of neurons in both restraint 
and foot shock. 
 
Previously authors have studied the effect of  
restraint stress and chemical caused neuronal cell 
death on the cingulate cortex  and  showed  
neuropathological changes which was highly 
conspicuous with decreased number of surviving 
neurons (27–40% reduction)and  the presence of 
dying neurons (4–10% of total neurons) [8]. 
 
Restraint-induced structural changes were also 
studied by the authors where the adult rat was 
exposed to 6 hours of restraint stress daily for 21 
days causing marked morphological alterations 
in the medial prefrontal cortex [9]. 
 
Another study revealed chronic stress impaired 
hippocampal neurogenesis in  mice in terms of 
cell proliferation; apoptosis; the number and 
maturation of young neurons; and both the 

volume and neuronal density in the granular zone 
[10]. 
 
In a study on the prefrontal cortex, the total 
number of the neurons and glial cells was 
significantly reduced (11% and 5%, respectively) 
in stress group in comparison to the non-stressed 
rats [11].  
 

Conclusion 

In conclusion we observed neurodegenerative 
change in the cingulate gyrus of stress exposed 
animals of postweaning age group. The findings 
of the present experiment were consistent with 
the findings of the previous researchers. This 
study will have an implication in understanding 
the patho-psychology of stress related disorders 
and the harmful impact it has on early brain 
development. 
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