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	 Stress as it relates to infertility has become a global issue attracting public health 
concern. The present study examined the morphological changes in ovarian histology in 
response to oxidative stress-induced in female rats following exposure to different stressors. 92 
rats of 12-14weeks old weighing between 120-160g were used for the study. Three (3) different 
stress models were utilized for stress induction at the rate of 1, 3, and 5hours per day for 1, 2, 
and 3weeks respectively. At the end of stress induction durations, body weights were obtained 
and the rats were euthanized via cervical dislocation while the ovary weights were carefully 
isolated and their weights recorded. The harvested ovary was sectioned, mounted on slides, 
stained, and observed under the microscope for histopathological investigations. Findings 
from this study established that exposure to restraint mirror or intruder stressor significantly 
(p<0.05) altered the body and/or ovary weights of the rats irrespective of the rate of exposure 
when compared to the control group. Cellular degeneration, infiltration, and atretic follicular 
changes were observed in the ovarian histology of rats in response to stress-induced changes 
caused by exposure to restraint or intruder stressors, whereas, equivalent exposure of the rats 
to mirror stressor did not result in any observed degenerative changes in the histology of the 
ovary studied. Our study revealed that exposure to restraint or intruder stressor points towards 
the existence of stress contributes toward sorgan/body weight changes and cellular damage in 
the ovarian tissues possibly causing pathogenesis in reproductive capacity of females. 
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	 The term stress is often used to describe 
the threatening situation and the anxious response1. 
In the light of the above, Akter,2 considered stress as 

unpredictable example of psychological appraisals, 
physiological responses, and social propensities 
that happen in reaction to an apparent unevenness 
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between situational requests and the resources 
expected to adapt to them. Truly, stress has been 
conceptualized as an event or stimulus, which may 
be considered a stressor that is imposed upon an 
individual and may include internal states such as 
hunger and environmental factors like in the case of 
natural disaster. Maintaining an effective response 
to different kinds of stressor is physiologically 
useful and beneficial for survival3. According 
to stress research exerts, pathology and disease 
conditions in stressful conditions occur within 
reproductive ovaries when excessive ROS are 
generated4

	 Every day, women face multiple stress 
challenges of various types, intensities, and 
durations that can act synergistically. This makes 
‘‘real life’’ stress (i.e., the combination of stressors 
an individual is exposed to daily) extremely unable 
to replicate in clinical or laboratory settings5. The 
biological collaboration among infertility and stress 
has led to the response of the brain to stimulate 
the secretion of stress hormones, especially, 
the hypothalamus-pituitary axis and the female 
reproductive organs. Stress has been connected 
with numerous degenerative diseases, maladies, 
and syndrome disorders6, thus, interfering with 
the normal functions of the ovaries7. Stress can 
alter ovarian functions and cause deleterious 
effects during gestation period on the developing 
fetus, which often contributes to early onset 
of stress-induced impairment in the follicular 
development8,9.
	 The ovary is a dual female reproductive 
gonad that periodically produces and releases 
an ovum (oocytes) needed for fertilization in 
the mid-point of each menstrual cycle. It is also 
an endocrine gland that is crucial in enhancing 
fertility outcomes.10, 11,12 Stress leads to series 
of altered physiology such as; steroidogenesis, 
angiogenesis, maturation, ovulation, blastocysts 
development, fertilization of ovum, implantation 
of ovum, and maintenance of pregnancy13,14,15. 
Furthermore, different studies have supported the 
ability of free radical species following increased 
production of free radicals resulting in oxidative 
damage and the altered reproductive function 
of the ovary16,17,18, uterine tubes and embryos 
19, ovarian functions, embryonic resorption15, 
in addition to stress-induced impairment in the 
follicular development20, recurrent pregnancy 

loss21, reduction in steroidogenesis22, irregular 
estrus cyclicity23, interference in the potentials of 
oocytes development24,25, blockage of ovulation26.
	 Pregnancy begins with fertilization of the 
ovum by the combination of sperm following series 
of ovarian functions, development of blastocyte, 
increased secretion of reproductive hormones. 
Specifically, stress has been proven to contribute to 
reproductive failures in females causing deleterious 
effects during the gestation period especially on 
the developing fetus thereby contributing to early 
onset of many pathological conditions27, and to a 
large extent fetal death 28. All the pathologies that 
affects the female reproductive processes have been 
traced to stress-induced morphological damage 
within the ovary, thus capable of been a factor for 
infertility23,29. Considering, that findings from the 
study of Nwogueze et al,30 which has established 
that stress induced by exposure to restraint, mirror 
and intruder stressors alters antioxidant stress 
markers at the rate of 1, 3, and 5hours per day for 1, 
2 and 3weeks, it becomes necessary for this present 
study to examine the impact of stress-induced 
morphological changes in the ovarian histological 
in female rats using similar stressors.

Materials and Methods

Study Design
	 This study is an experimental design and 
was invasive in nature. The focus of the design is 
to ascertain Morphological Changes of Ovarian 
Histology in Female Wistar Rats via comparisons 
between a control group against experimental 
groups (rats exposed to three different stress models 
in time and duration dependent fashion).
Experimental animal and sample size 
	 Ninety two (92) healthy female Wistar rats 
of 12-14weeks old weighing between 120-160g 
were procured and used for the study. Animals 
used for the experiment were obtained from Emma 
Maria Research & Diagnostic Laboratory, Abraka, 
Delta State and they were transported in plastic 
cages to the animal unit of Delta State University, 
Abraka. The rats were kept in wooden cages and 
housed in a well-ventilated, 12-12hours light 
and dark cycles animal house while maintaining 
a temperature of 22±230C and humidity of 30-
40%. The rats were allowed unrestricted access to 
standard rat chow and normal tap water.
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Inclusion and Exclusion Criteria
	 Not applicable 
Randomization
	 The rats were divided into twenty eight 
(28) experimental groups with each consisting of 
four (4) rats each as described below:
• Group 1: Served as the normal control rats that 
received basic feed. 
• Group 2 – 4: Rats were exposed to restraint 
stressor at a rate of 1, 3 and 5hours per day for 
1week. 
• Group 5- 7: Rats were exposed to restraint stressor 
at a rate of 1, 3 and 5hours per day for 2weeks 
• Group 8-10: Rats were exposed to restraint 
stressor at a rate of 1, 3 and 5hours per day for 
3weeks. 
• Group 11-13: Rats were exposed to mirrored 
chamber stressor at a rate of 1, 3 and 5hours per 
day for 1week
• Group 14-16: Rats were exposed to mirrored 
chamber stressor at a rate of 1, 3 and 5hours per 
day for 2weeks.
• Group 17-19: Rats were exposed to mirrored 
chamber stressor at a rate of 1, 3 and 5hours per 
day for 3weeks. 
• Group 20-22: Rats were exposed to intruder 
stressor at a rate of 1, 3 and 5hours per day for 
1week. 
• Group 23-25: Rats were exposed to intruder 
stressor at a rate of 1, 3 and 5hours per day for 
2weeks. 
• Group 26-28: Rats were exposed to intruder 
stressor at a rate of 1, 3 and 5hours per day for 
3weeks. 
Ethical Statement
	 Formal approval was obtained from the 
Bioethics Committee on Animal Studies of the 
Faculty of Basic Medical Sciences, Delta State 
University, Abraka for experimental protocol, 
and research guidelines for animal welfare 
and protection (Permit Number: REC/FBMS/
DELSU/19/58).   
Experimental Procedures
Weight measurement
	 To obtain the percentage (%) change in 
body weights of the female Wistar rats, the weights 
of the animals were obtained before the respective 
experimental procedures and after the end of stress 
procedure using the electronic weighing balance 

(G&G-301, England). The mean values were 
calculated by the formula below:

 x 100

	 The ovaries of some of the Wistar rats were 
carefully isolated after the adhering adipose tissue 
on the isolated organs was carefully removed. The 
organs were washed properly using normal saline 
and sterile paper was used to remove excess fluid 
and the relative organ weights of the ovaries were 
recorded and calculated by the formula below:

 x 100

Induction of stress
	 The experimental female Wistar rats were 
induced with three (3) different natures of stress 
models; restraint stressor, mirror chamber stressor, 
and paradigm intruder stressor as shown in Figure 1 
using the methods described by Nwogueze et al.31 
for a stress time interval of 1, 3, and 5hours per day 
for 1, 2, and 3weeks durations respectively. The 
restraint stressor was designed to induce physical 
stress to a greater extent, the cylindrical chamber 
was constructed to fit the rats allowing only 
backward and forward movements but limiting 
lateral. The mirror chamber stressor was designed 
to induce anxiety stress in the Wistar rats to a larger 
extent and the wooden chamber was constructed to 
have three different boxes with each having three 
mirror walls and an opaque black coloured wall on 
each compartment. The paradigm intruder stressor 
was designed to induce psychosocial stress in the 
animals to a greater extent using aggressive male 
cat in the same partitioned cage made up wire 
gauze. 
Histopathological studies
	 At the end of the experiments in which 
rats were exposed to different stressors, the rats 
were euthanized via cervical dislocation and the 
ovaries from the rats were carefully isolated and 
washed properly using distilled water. Thereafter, 
the organs were cut into pieces of about 0.5 cm2 
sizes and fixed in 10% formalin for at least 2days 
adopting the methods of Bancroft and Gamble,32. 
The samples were dehydrated using an automated 
tissue processor (Leica ASP300, Germany) which 
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contained 12 beakers (10glass beakers and 2 
thermostatically control electric metal beakers) 
containing paraffin wax (Leica EG1160, Germany) 
mounted on wooden blocks. Using a microtome 
(Leica RM2155), the blocks containing the samples 
were sectioned to a size of 4.5×4.5×4.0ìm and 
then mounted on glass slides using a hot plate 
(Leica HI1220, Germany).The slides were treated 
in the sequence of 70%, 90% and 100% ethanol 
respectively for 2minutes each and then rinsed in 
tap water. Using Harris’s haematoxylin and Eosin 
stain, the sections were stained and then viewed 
under a light microscope. 

Statistical Methods
	 Values obtained were expressed as Mean
Standard Error of Mean (SPSS software version 

22 – Chicago, USA) while One-way ANOVA 
statistic was used to compare means across groups 
and Fisher’s Least Square Difference (LSD) was 
used for the Post Hoc Test. For significance level, 
P-value <0.05 was considered.

Results 

	 Figure 2 below comparatively illustrates 
the percent change in body weights of rats 

Fig. 1. Different Types of Stress Models Used in the Study 
(A) Restraint stressor (B) Mirror chamber stressor (C) Paradigm intruder stressor

Fig. 2. Percent Bodyweights Change of Rats after Exposure to Different Nature of stressors at the rate of 1, 3, and 
5hours per day for 1week (n=4).
Key:
* = significant when compared to Control
a = significant when compared to Restraint stressor
#= significant when compared to across groups based on stressors. 
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following exposure to the different stressors for 
1week. The result obtained revealed that there was 
a decline in body weights of rats exposed at the 
rate of 1, 3, and 5hours per day for 1week when 
compared to the control levels, irrespective of the 
stressors applied. Mean comparison revealed that 
the observed decrease in the body weights was 
significant (P<0.05) for rats exposed to mirror 
or intruder stressor at the rate of 1hour per day. 
Also, exposing the rats to restraint stressor at the 
rate of 3hours and 5hours per day or the intruder 
stressor at the rate of 5hours per day caused a 
significant (P<0.05) reduction in body weights 
when compared with control levels. Meanwhile, 
the percentage reduction in the body weights of 
rats was severe when exposed to restraint stressor 
at the rate of 3hours or 5hours per day or when 
exposed to intruder stressor at the rate of 5hours 
per day for 1week. 
	 Figure 3 below comparatively shows the 
percent change in body weights of rats following 
exposure to the different stressors for 2weeks. The 

result obtained revealed a reduction in the body 
weights of rats exposed at the rate of 1, 3, and 
5hours per day for 2weeks when compared to the 
control levels, irrespective of the stressors applied. 
Mean comparison revealed that the observed 
decrease in the bodyweights was significant 
(P<0.05) when rats were exposed to mirror or 
intruder stressor at the rate of 3hours and 5hours 
per day when compared to the body weights of 
rats in the control group. The percent loss in body 
weights was more severe in rats exposed to restraint 
stressor at the rate of 1hour and 5hours per day and 
intruder stressor at the rate of 5hours per day for 
2weeks. 
	 Figure 4 below comparatively represents 
the percent change in body weights of rats following 
exposure to the different stressors for 3weeks. The 
results obtained revealed that there was a gradual 
return of body weights beyond the control level in 
rats exposed to intruder stressor at the rate of 1hour 
and 3hours per day and also, in rats exposed to 
mirror stressor at the rate of 5hours per day when 

Fig. 3. Percent Bodyweights Change of Rats after Exposure to Different Nature of stressors at the rate of 1, 3, and 
5hours per day for 2weeks (n=4). 
Key:
* = significant when compared to Control
#= significant when compared to across groups based on stressors.
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Fig. 4. Percent Bodyweights Change of Rats after Exposure to Different Nature of stressors at the rate of 1, 3, and 
5hours per day for 3weeks (n=4).
Key:
* = significant when compared to Control

Fig. 5. Change in Absolute Ovary Weight of Rats after Exposure to Different Nature of stressors at the rate of 1, 3, 
and 5hours per day for 1week (n=4).
Key:
* = significant when compared to Control
a = significant when compared to Restraint stressor
c = significant when compared to Intruder stressor
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Fig. 6. Change in Absolute Ovary Weight of Rats after Exposure to Different Nature of stressors at the rate of 1, 3, 
and 5hours per day for 2weeks (n=4)

Fig. 7. Change in Absolute Ovary Weight of Rats after Exposure to Different Nature of stressors at the rate of 1, 3, 
and 5hours per day for 3weeks (n=4).
Key:
* = significant when compared to Control
a = significant when compared to Restraint stressor
b = significant when compared to Mirror stressor

compared with the control body weights. Mean 
comparison revealed that the observed increase in 
the body weights was significant (P<0.05) in rats 

exposed to mirror stressor at the rate of 5hours per 
day while there was a significant (p<0.05) decrease 



1632 Chukwuebuka et al., Biomed. & Pharmacol. J,  Vol. 13(4), 1625-1643 (2020)

Fig. 8. Photomicrograph of the Coronal Section of Ovary Tissue Exposed to Restraint Stressor at the Rate of 1, 3, 
and 5hours Per Day for 1week (H and E), ×100 magnification 
A - Control group rats (not stressed); B - Rats exposed to restraint stressor at the rate of 1hour per day showing normal 
histology of ovary, C - Rats exposed to restraint stressor at the rate of 3hours per day showing normal histology of 
ovary; and D - Rats exposed to restraint stressor at the rate of 5hours per day showing degeneration of follicular 
antrium (FA), primary oocyte (O), Theca follicli (blue arrow), corona radiata (green arrow) and Zona granulosa (ZG).

in rats exposed to intruder stressor at the rate of 
5hours per day when compared to control levels. 
	 Figure 5 below comparatively represents 
the absolute change in ovary weights of rats 
following exposure to the different nature stressors 
for 1week. The results obtained revealed that the 
weights of the ovary were significantly (p<0.05) 
decreased in rats exposed to intruder stressor at 
the rate of 1hour and 5hours per day for 1week 
when compared to the control level. Meanwhile, 
there was weight gain in rats exposed to the mirror 
or restraint stressor irrespective of the rate of 
exposure. Although, the increased observed was 
significant (p<0.05) when compared to control. 
	 Figure 6 below comparatively illustrates 
the absolute change in ovary weights of rats 
following exposure to the different nature stressors 
for 2weeks. The results obtained shows that the 

weight of the ovary was decreased in rats exposed 
to intruder stressor at the rate of 5hours per day 
for 2weeks when compared to the control level. 
Meanwhile, there was weight gain in the other 
experimental groups exposed to the different nature 
of stressors irrespective of the rate of exposure, 
although, the observed increase was not statistically 
significant.
	 Figure 7 below comparatively illustrates 
the absolute change in ovary weights of rats 
following exposure to the different nature stressors 
for 3weeks. The results obtained revealed that 
there was reduction in weights of the ovary of 
rats exposed to restraint and intruder stressors 
at the rate of 1hour day and also the ovary was 
significantly (p<0.05) decreased in rats exposed to 
restraint stressor at the rate of 3hours per day when 
compared to the control level. Meanwhile, there 
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Fig. 9. Photomicrograph of the Coronal Section of Ovary Tissue Exposed to Mirror Stressor at the Rate of 1, 3, and 
5hours Per Day for 1week (H and E), ×100 magnification
A - Control group rats (not stressed); B - Rats exposed to mirror stressor at the rate of 1hour per day showing normal 
histology of ovary, C - Rats exposed to mirror stressor at the rate of 3hours per day shows normal histology of the 
ovary with Primary Oocyte (O) and corona radiata (green arrow).D - Rats exposed to mirror stressor at the rate of 
5hours per day showing normal histology of the ovary with Follicular antrium (FA), Theca follicle (green arrow) 
and Zona granulosa (ZG)

was a significant (p<0.05) gain in body weights of 
rats exposed to mirror stressor at the rate of 1hour 
and 3hours per day. Also, there was a significant 
(p<0.05) increase in the ovary of rats exposed to 
intruder stressor at the rate of 3hours per day. 
	 Figure 8 below illustrates the photo-
micrograph of control rat and the experimental 
rats exposed to restraint stressor at the rate of 1, 
3, and 5hours per day for 1week. It was observed 
that the ovary photomicrograph of control rat as 
well as rats exposed to restraint stressors at the 
rate of 1hour and 3hours respectively revealed 
normal histological architecture of the ovary with 
Follicular antrium (FA), Primary Oocyte (O), 
Theca follicli (blue arrow), corona radiata (green 
arrow) and Zona granulosa (ZG) well defined while 
the ovary of rats exposed to restraint stressor at the 
rate of 5hours per day showed cellular degeneration 

of follicular antrium, primary oocyte, theca follicli, 
corona radiata and zona granulosa.
	 Figure 9 illustrates the photomicrograph 
of control rat and the experimental rats exposed to 
mirror stressor at the rate of 1, 3, and 5hours per 
day for 1week. The results obtained revealed that 
the ovary of control rat as well as rats exposed 
mirror stressors at the rate of 1hour, 3hours, and 
5hours per day revealed normal ovary histology 
with features of primary and secondary follicles 
showing various stages of maturation, follicular 
antrium, primary oocyte, theca follicli, corona 
radiata and zona granulosa.
	 Figure 10 below represents the photo-
micrograph of control rat and the experimental 
rats exposed to intruder stressor at the rate of 1, 3, 
and 5hours per day for 1week. The results revealed 
that the control rat shows normal histological 
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Fig. 10. Photomicrograph of the Coronal Section of Ovary Tissue Exposed to Intruder Stressor at the Rate of 1, 3, 
and 5hours Per Day for 1week (H and E), ×100 magnification
A - Control group rats (not stressed); B - Rats exposed to intruder stressor at the rate of 1hour per day showing 
cellular degeneration, C - Rats exposed to intruder stressor at the rate of 3hours per day showing degeneration of 
Follicular antrium (FA), Primary Oocyte (O), Theca follicli (blue arrow), corona radiata (green arrow) and Zona 
granulosa (ZG). D - Rats exposed to intruder stressor at the rate of 5hours per day showing absence of Primary 
Oocyte (O) but notable presence of hemorrhagic and infiltrated inflammatory cells (blue circles).

architecture of the ovary when compared to ovary 
of rats exposed to intruder stressor at the rate of 
1hour per day with the zona granulosa showing 
areas of cellular degeneration. Meanwhile, the 
ovary of rats exposed the same stressor at the rate 
of 3hours per day shows degeneration of follicular 
antrium, primary oocyte, theca follicli, corona 
radiata and zona granulosa while rats exposed at the 
rate of 5hours per day presents absence of primary 
oocyte and noticeable features of atretic follicles, 
hemorrhagic and infiltration of cells.
	 Figure 11 below showed the photo-
micrograph of control group and the experimental 
rats exposed to restraint stressor at the rate of 1, 3, 
and 5hours per day for 2weeks. The results obtained 
revealed that the ovary histology of control rat as 
well as rats exposed to restraint stressor at a rate 
of 1hour, presents both the primary and secondary 
follicles at various stages of maturation, with 

normal histological architecture of the ovary. Rats 
exposed to similar stressor at the rate of 3hours 
per day showed absence of primary oocytes and 
degeneration of zona granulosa while rats exposed 
at the rate of 5hours per day showed congestions 
of blood vessels, absence of the primary oocytes 
and features of atretic follicles. 
	 Figure 12 below represents the photo-
micrograph of control rats and the experimental 
rats exposed to mirror stressor at the rate of 1, 
3, and 5hours per day for 2weeks. The results 
obtained showed that the ovary of control rat as 
well as rats exposed to mirror stressors at the rate 
of 1hour, 3hours, and 5hours per day presents 
normal histological architecture of the ovary with 
follicular antrium, primary oocyte, theca follicli, 
corona radiata and zona granulosa.
	 Figure 13 below represents the photo-
micrograph of control rats and the experimental 
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Fig. 11. Photomicrograph of the Coronal Section of Ovary Tissue Exposed to Restraint Stressor at the 
Rate of 1, 3, and 5hours Per Day for 2weeks (H and E), ×100 magnification
A - Control group rats (not stressed); B - Rats exposed to restraint stressor at the rate of 1hour per day 
showing normal histology with Follicular antrium (FA), Primary Oocyte (O), Theca follicli (blue arrow), 
corona radiata (green arrow) and Zona granulosa (ZG), C - Rats exposed to restraint stressor at the rate 
of 3hours per day showing absence of primary oocytes and degeneration of zona granulosa. D - Rats 
exposed to restraint stressor at the rate of 5hours per day showing congestions of blood vessels, absence 
of the primary oocytes and features of atretic follicles

rats exposed to intruder stressor at the rate of 1, 
3, and 5hours per day for 2weeks. The results 
revealed that the control rat and rats exposed to 
intruder stressor at the rate of 1hour per day shows 
normal histological architecture of the ovary when 
compared to ovary of rats exposed to 3hours 
and 5hours per day showed infiltrated follicular 
antrium, primary oocyte, theca follicli, corona 
radiata and zona granulosa 
	 Figure 14 below represents the photo-
micrograph of control rat and the experimental rats 
exposed to restraint stressor at the rate of 1, 3, and 
5hours per day for 3weeks. The results revealed 
that the control rats had normal histological 
architecture of the ovary when compared to ovary 
of rats exposed to restraint stressor at the rate 
of 1hour per day that showed some features of 
hemorrhagic, degenerated, atretic and infiltrated 

follicles. Rats exposed to restraint stressor at the 
rate of 3hours per day showed presence of nuclear 
in the primary oocyte and cellular degeneration of 
the zona granulosa while rats exposed to similar 
stressor at the rate of 5hours per day revealed 
absence of primary oocyte, features of hemorrhagic 
and infiltrated inflammatory cells.
	 Figure 15 below represents the photo-
micrograph of control rat and the experimental 
rats exposed to mirror stressor at the rate of 1, 3, 
and 5hours per day for 3weeks. The result obtained 
revealed that the ovary of control rats as well as 
experimental rats exposed to mirror stressors at the 
rate of 1hour, 3hours, and 5hours per had normal 
histological architecture of the ovary showing 
follicular antrium, primary oocyte, theca follicli, 
corona radiata and zona granulosa with presence 
of both the primary and secondary follicles.
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Fig. 12. Photomicrograph of the Coronal Section of Ovary Tissue Exposed to Mirror Stressor at the Rate of 1, 3, 
and 5hours Per Day for 2weeks (H and E), ×100 magnification
A - Control group rats (not stressed); B - Rats exposed to mirror stressor at the rate of 1hour per day showing normal 
histology of ovary, C - Rats exposed to mirror stressor at the rate of 3hours per day shows normal histology of the 
ovary with Primary Oocyte (O) and corona radiata (green arrow).D - Rats exposed to mirror stressor at the rate 
of 5hours per day showing normal histology of the ovary withFollicular antrium (FA) Primary Oocyte (O),Theca 
follicli (blue arrow),  corona radiata (green arrow) and Zona granulosa (ZG).

	 F igure  16 below represents  the 
photomicrograph of control rats and the 
experimental rats exposed to intruder stressor at 
the rate of 1, 3, and 5hours per day for 3weeks. 
The results revealed that the control rats and 
experimental rats exposed to intruder stressor at 
the rate of 1hour per day shows normal histological 
architecture of the ovary when compared to ovary 
of rats exposed to similar stressor at the rate of 
3hours per day which showed features of remains 
of degenerated primary oocyte, corona radiata and 
Zona granulosa (ZG) and irregular zona pellucida. 
Rats exposed to intruder stressor at the rate of 
5hours per day showed absence of primary oocyte 
and features of degenerated, hemorrhagic and 
infiltrated cells.

Discussion 

	 Stress is an unavoidable part of our 
daily life that can change the immunological, 

neurochemical, and endocrine elements of the 
body. Oxidative stress has been identified as a 
causative factor in problems relating to maternal 
pregnancy33 and stress-inducedmorphological 
changes in the ovary of rat30. Excessive ROS 
productions are thought to be critical in the etiology 
of infertility, thus, Tremellen,34 identified the 
prevalence to be responsible for 30% to 80% of 
infertility issues. Stress-induced changes possibly 
arise from several endogenous and exogenous 
factors or interactions between each. The imbalance 
between free radical species and antioxidant system 
scavenging potentials is critical in understanding 
the physiologic and pathologic process involved 
altered reproductive capacity of females.
	 Findings from this present study have 
revealed that there was a significant (p<0.05) 
decrease in percentage change in the body weights 
of rats following exposure to different stress models 
at the rate of 1hour, 3 hours, and 5hours per day 
for 1 and 2 weeks respectively. This finding agrees 
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Fig. 13. Photomicrograph of the Coronal Section of Ovary Tissue Exposed to Intruder Stressor at the Rate of 1, 3, 
and 5hours Per Day for 2weeks (H and E), ×100 magnification
A - Control group rats (not stressed); B - Rats exposed to intruder stressor at the rate of 1hour per day showingFollicular 
antrium (FA), Primary Oocyte (O), with some atrophied Theca follicle (green arrow) and Zona granulosa (ZG).C - 
Rats exposed to intruder stressor at the rate of 3hours per day showing infiltrated Follicular antrium (FA) Primary 
Oocyte (O), Theca follicli (blue arrow), corona radiata (green arrow) and Zona granulosa D - Rats exposed to intruder 
stressor at the rate of 5hours per day showingdegeneration of Follicular antrium (FA), Primary Oocyte (O), and 
infiltrated Theca follicli (blue arrow), corona radiata (green arrow) and Zona granulosa (ZG).

with the reports by Anil et al.35 who revealed that 
exposure of mice to mirror chamber stressor caused 
stress-induced body weights loss, and inhibited 
locomotion activity. In the present study, the body 
weights of Wistar rats exposed to restraint stressor, 
mirror chamber stressor, and paradigm intruder 
stressor were marked affected and it was observed 
that the responses of the rats on weekly basis varied 
depending on the stressor applied, suggesting 
that responses of rats to exposure to stressors 
depends, at least to some degree on the extent of 
stress-induced in the respective rats. According to 
Rai et al.36 exposure to stress can initiate various 
pathways capable of releasing free radicals which 
cause cellular damages and loss in the bodyweights 
in rats.
	 Findings from our study observed that 
there was a gradual return of the bodyweights to 

almost the control levels in rats exposed to restraint 
and mirror stressors for up to 3weeks irrespective of 
the rate of exposure. However, the rats exposed to 
the intruder stressor showed a progressive decrease 
in the bodyweights and this was significant 
(p<0.05) when exposed to a rate of 5hours per 
day. In support of the observation made in our 
experiments on bodyweights changes, similar 
reports were made by Berton et al.37 and Razzoli 
et al.38 that exposure of rats to intruder stressor 
decreased the bodyweights of the experimental 
animal and interfered with food intake levels, while 
increased anxiety and hyperlocomotion in Lewis 
rats. Moreover, the recovery in the bodyweights 
to almost the basal levels agrees as observed  in 
this study can be connected to the explanations 
of Nagaraja and Jeganathan,39 who suggested 
that such changes could be due to adaptation or 
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Fig. 14. Photomicrograph of the Coronal Section of Ovary Tissue Exposed to Restraint Stressor at the Rate of 1, 3, 
and 5hours Per Day for 3weeks (H and E), ×100 magnification
A - Control group rats (not stressed); B - Rats exposed to restraint stressor at the rate of 1hour per day showing 
features of hemorrhagic, degenerated and infiltrated maturing primary and secondary follicles C - Rats exposed to 
restraint stressor at the rate of 3hours per day showing histological architecture of the ovary with nuclear (orange 
color) presence in the Primary Oocyte (O) while the Zona granulosa (ZG) shows areas of cellular degeneration. 
D - Rats exposed to restraint stressor at the rate of 5hours per day showing absence of primary oocyte, features of 
hemorrhagic and infiltrated inflammatory cells.

habituation in the animal following continued 
exposure to the stressor. 
	 Findings from this study showed a 
significant (p<0.05) decrease in relative ovary 
weights in rats exposed to the different nature of 
stressor at the rate of 1hour, 3hours, and 5hours per 
day for 1, 2 and 3weeks respectively. Nayanatara 
et al.40 and Liu et al.41 separately also reported 
variable effect of exposure of rats to stressors 
on organ weights. While the former reported 
that the weights of the uterus and ovary were 
decreased, the later reported increased kidney, 
liver, and brain weights. This was supported by 
the findings of Nancy et al.42 who asserted that the 
hallmark of stress response include decreased total 
bodyweights or altered organ weights since stress 
perceived by the brain results in adaptive responses 
in other organ systems via the neuroendocrine 
pathways. The authors maintain that the magnitude 

of the organ response is commensurate with the 
magnitude of the stress. Based on available data 
from this study, it is not possible to provide precise 
mechanisms for the variable responses of internal 
organs following exposure of rats to a particular 
stressor.
	 Histopathological changes of the 
ovary revealed that rats exposed to restraint and 
paradigm intruder stressor at the rate of exposure 
1, 3, and 5hours per day for 1week showed 
cellular degeneration of zona granulose, presence 
of hemorrhagic and infiltrated inflammatory 
cells, infiltrated follicular antruim, reduction 
in the number of ovarian follicles while no 
histopathological alterations were noticed in the 
ovaries of rats exposed to mirror stressor. Such 
alterations in ovarian tissues agree with the 
assertion of Bo et al.43 who suggested that oxidative 
stress activates the HPA-axis to impair oocyte via 
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Fig. 15. Photomicrograph of the Coronal Section of Ovary Tissue Exposed to Mirror Stressor at the Rate of 1, 3, 
and 5hours Per Day for 3weeks (H and E), ×100 magnification
A - Control group rats (not stressed); B - Rats exposed to mirror stressor at the rate of 1hour per day showing normal 
ovary histology C - Rats exposed to mirror stressor at the rate of 3hours per day shows normal ovary. D - Rats 
exposed to mirror stressor at the rate of 5hours per day showing both the primary and secondary follicles at various 
stages of maturation, with normal histological architecture of the ovary.

an indirect mechanism leading to apoptosis of 
follicular cells, however,Agarwal et al.44 reported 
that in the event of oxidative stress, corona radiata 
and zona pellucida are disrupted while granulosa 
cells have greatly degenerated in the process of 
cellular autophagy leading to cell death.  
	 Subsequently, the findings of this study 
showed that the ovary of rats exposed to restraint 
stressor at the rate of 1hour per day for 2weeks 
revealed the presence of hemorrhagic, degenerated 
and infiltrated maturing follicles, while for rats 
exposed at the rate of 3hours per day to the same 
stressor, there was noticeable cellular degeneration 
of zona granulose and for rats exposed to a similar 
stressor at the rate of 5hours day showed absence 
of primary oocyte, alongside the presence of 
hemorrhagic and infiltrated cells. This finding 
validates the reports of Iwa et al.45 Our result 
also revealed similar degenerative changes in the 

ovaries from rats exposed to intruder stressors, 
but no histopathological changes were observed 
in the ovary of rats exposed to mirror stressor. 
This is consistent with the report of Devine et al.46 
that stress causes infiltration and degeneration of 
granulosa cells. 
	 The histology of ovary of rats exposed 
to restraint and intruder stressors for 3weeks 
irrespective of the rate of exposure showed 
evidence of degenerated primary oocytes, corona 
radiate, and zona granulose especially with 
exposure of rats at the rate of 3hours per day 
showing features of atretic follicles. Furthermore, 
rats exposed to similar stressor at the rate of 5hours 
per day showed absence of primary oocytes, 
hemorrhagic and infiltrated inflammatory cells. 
Ovarian tissues of rats exposed to mirror stressor 
showed normal morphology. This finding was 
similar to the observation of Khalaf et al.47 who 
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noted presence of thin and irregular zona pellucida, 
degenerated cells, infiltrated macrophages, and 
atretic follicles in the ovarian tissues caused 
possibly by oxidative stress-induced by haloperidol 
and clozapine drug. Although, our study differs 
from theirs as the oxidative stress was induced by 
exposure to restraint, mirrored or intruder stressor. 
	 Our study has some obvious limitations. 
First, it was a novel stress research which deferred 
by the comparative assessment of three different 
stress models utilized for stress induction at 
varying rate (time) of exposure and duration 
(weeks) intervals on the morphology of ovarian 
histology. Secondly, we did not address the aspect 
relating to the impact of these stressors on the 
hormonal profiles and reproductive outcome of 
the female rats. Notwithstanding, the observed 
ovarian changes following exposure to restraint 
or intruder stressor have a synergy to the findings 
of Nwogueze et al.31, 48 which reported elevation in 
serum corticosterone and altered oxidative stress 

markers. Hence, this could be responsible for 
such alterations in the morphology of the ovary 
histology as basis for estimating stress related 
infertility.

Conclusion

	 Changes in the body and ovary organ 
weights and ovarian histology in female rats was 
influenced by exposure to different stressors with 
variations in intensities. Findings from this study 
have shown that exposure to restraint or intruder 
stressor proved to have more severe stress-induced 
morphological impact on the ovarian histology and 
the loss in organ/or body weights of the female 
Wistar rats. In all, exposure of the rats for up to 
3weeks caused cellular degeneration in the ovarian 
histology evaluated; however, equivalent exposure 
of the rats to mirrored stressor did not cause any 
observable degenerative changes in the ovary. 
Therefore, further study is required to understand 

Fig. 16.  Photomicrograph of the Coronal Section of Ovary Tissue Exposed to Intruder Stressor at the Rate of 1, 3, 
and 5hours Per Day for 3weeks (H and E), ×100 magnification
A - Control group rats (not stressed); B - Rats exposed to intruder stressor at the rate of 1hour per day showing 
normal ovary histology. C - Rats exposed to intruder stressor at the rate of 3hours per day showing features of 
remains of degenerated Primary Oocyte and corona radiata (blue arrow) and Zona granulosa (ZG). D - Rats exposed 
to intruder stressor at the rate of 5hours per day showing absence of primary oocyte and features of degenerated, 
hemorrhagic and infiltrated cells.
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the mechanistic relationship behind the altered 
ovarian histoarchitecture of rats exposed to intruder 
or restraint stressor and reproductive success in 
female rats.
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