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Ovarian activity has a complex physiology and is related to oocyte quality in women. This study investigates the effects 

of ovarian activity with chronic stress (CS) on behavioural parameters, estrous cycles, and ovarian follicular development in 

rats. Here, we examined the ovarian microenvironment against exposure to stress and to elucidate the stress-related ovarian 

molecular mechanisms. Twenty female Sprague-Dawley rats were divided into the control and the CS groups. The estrous 

cycle phases were detected by vaginal smear. Rats in the CS group were immobilized 1 h/day for 8 weeks. At the end of the 

experiment, all animals were subjected to behavioral tests in their metestrus phase and sacrificed on the other day (diestrus 

phase). The ovaries were harvested for histological analysis, blood samples were taken to measure cortisol levels. The 

immunoreactivities of ovarian IGF-1, AMH and Bcl-2 proteins were evaluated by immunohistochemistry. Here, we have 

studied CS-induced prolonged estrous cycles. We showed a lower number of developing follicles but the higher number of 

atretic follicles in the CS group’s ovaries. The dominant structure of ovarian histology was large interstitial glands. CS 

caused decreases in ovarian Bcl-2, IGF-1 and AMH immunoreactivities which have roles in follicular development. Also, 

anxiety was detected in CS-exposed animals. Our results showed that chronic restrainer stress can be a serious endocrine 

disrupter by reducing ovarian paracrine factors. 
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Stress leads to deviation from homeostasis in a living 

being and affects the functions of the central nervous 

system, the gastrointestinal system, the cardiovascular 

system, the neuroendocrine system, and the reproductive 

system
1
. The psychological and physiological reactions 

emerging after exposure to stress vary depending on 

gender. Epidemiological data indicate that women are 

more develop depression than men. Fluctuations in 

sex hormones are closely associated with stress and 

depression
2
. The ovarian hormone levels related to 

menstrual cycle phases also affect post-stress cortisol 

reactivity
3
. The high level of circulating estradiol may 

provide individual endurance against chronic stress in 

females. Chronic stress decreased in vivo maturation 

of oocytes, the viability and increased the percentage 

of abnormal oocytes
4
. An important regulator of the 

stress response is the endocrine system, which plays a 

central role in regulating the adjustment of 

morphology, physiology and behaviour to deal with 

current conditions
5
. Successful reproduction is the 

result of numerous interactions that played essential 

roles in the ovary.  

Insulin-like growth factor-1 (IGF-1) is an intra-

ovarian growth factor that plays important 

endocrine/paracrine roles, it affects female fertility 

and ovarian function by reducing apoptosis in 

granulosa cells
6
. B-cell lymphoma 2 (Bcl-2) protects 

the follicle pool from apoptosis but stress decreased 

the expression of Bcl-2 and the subsequent activation 

of caspases that leads to follicular atresia
7
. Anti-

Müllerian hormone (AMH) is predominantly 

produced by the granulose cells of preantral and antral 

follicles. AMH deficiency has been proposed as a 

marker of ovarian dysfunction; because it disrupts 

early folliculogenesis and has an inhibitory effect on 

follicle recruitment and growth
8
. Although growth 

factors are important for healthy ovarian dynamics, 

only a limited number of studies are available on the 

effects of stress on these factors involved in ovarian 

molecular mechanisms. Therefore, in this study, we 

examined the effects of chronic immobilization stress 

on adult female rats and analyzed behavioral 

parameters, estrous cycle, serum cortisol level and 
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ovarian morphology, as well as IGF-1, AMH, and 

Bcl-2 immunoreactivities.  

 

Materials and Methods 
 

Animals and experimental design 

The experiments were conducted by the Regulation 

of Animal Research Ethics in Turkey. The ethical 

approval was granted by the Trakya University 

Animal Research Ethics Committee (Project number 

2016/19, Edirne, Turkey). All experiments were 

conducted between 9:00 a.m. and 11:00 a.m. under 

standard laboratory conditions (12-h light/ dark cycle 

with lights; 22±2°C room temperature). Food pellets 

and tap water were provided ad libitum. Female, 

Sprague Dawley rats aged 8-12 weeks were purchased 

from Trakya University, Animal Care and Research 

Unit, Edirne, Turkey.  

Twenty Sprague-Dawley female rats with regular 

estrous cycles were accepted to study. The rats were 

randomly divided into the control (n=10) and chronic 

stress (CS) groups (n=10). Vaginal smears were 

collected from both groups, every morning at  

09:00 a.m. for 8 weeks to detect estrous cycle phases. 

The rats were also weighed every week to define the 

effects of stress on body weight. Restrainer was used 

for the CS group (1 h/day for 8 weeks, at room 

temperature (22±2°C)
9
. Restraint stress was applied to 

the rats, in-housed individual PVC cylinders inside 

the cage for 1 h between 10:00 and 11:00 a.m.
10

. At 

the end of the experiment, all animals were subjected 

to behavioural tests in the metestrus phase and the 

other day (diestrus phase) they were sacrificed under 

xylazine/ketamine anesthesia. Serum samples were 

collected for cortisol analysis and bilateral ovaries 

were harvested for histological analysis. 
 

Behavioural tests for anxiety detection 

At the end of the 8 weeks, all animals were 

subjected to behavioral tests in the metestrus phase at 

09:00-12:00 a.m. rotarod, open field and elevated plus 

maze tests were performed, consecutively, on both 

groups in the Trakya University, Faculty of Medicine, 

Medical Pharmacology Department. Rotarod test: The 

rat underwent three consecutive trials with 3 min 

intervals. Rats that were able to stay for a total of  

3 min on this roller were considered to have normal 

motor activity
11

. Open field and plus maze tests were 

placed in an isolated room, far from movement and 

noises. The open field test was performed to measure 

anxiety. The test apparatus be composed of a black 

square box with an open top (dimensions of 80×80 cm). 

The test was carried out in an isolated dark room 

illuminated with 30 lux light. During the test, the rat 

was placed in the center of the square box and 

allowed to move freely. Total time spent in the center 

was used as a measure of anxiety, where higher 

values are related to less anxiety. Total distance 

moved was measured as a general locomotion 

indicator. All behaviours were monitored for 10 min 

and calculated by the Ethovision XT (Noldus, 

Holland)
12

. The elevated plus maze test is another test 

to evaluate anxiety. The apparatus has a black acrylic 

surface and include four arms (two open and two 

closed), (L×W: 110 cm) and the height of the test 

apparatus has 60 cm above the floor. A rat was placed 

in the central area, facing the open arms of the 

apparatus. The rat was allowed to move freely for 5 

min and recorded by the camera
13

. The number of 

entries into the open/closed arms and the time spent 

were calculated
14

. 
 

Study of the estrous cycle 

To determine restrainer stress-induced alterations 
in the reproductive cycle, vaginal smears were taken 
from all rats in the control and CS groups. In this 
process; the cotton-coated end portions of the sterile 
rods were moistened with saline, then a swab gently 
was taken from the vagina and placed on a slide

15
. 

Hematoxylin-Eosin (H&E) (Sigma Aldrich, 
Germany) staining was applied to dried smear 
samples and then examined by light microscope 
(Olympus BX51, Japan), and rats were assigned to 
one of four substages: proestrus, estrus, metestrus and 
diestrus. The cycle length was defined as the number 

of consecutive days between the estrus smears during 
the previous and subsequent cycles. The smear data 
were used to analysis of “The total number of estrous 
cycles/Total number of experiment days”, “The 
duration of an estrous cycle” and “The diestrus 
index”

16
. The diestrus index was calculated by 

dividing the total number of diestrus days by the 
duration of the experiment and multiplying the  
result by 100 (total diestrus days/total experiment 
days × 100)

17
. 

 

Serum cortisol assay 

Cardiac blood serum samples were obtained from 

animals and analyzed by Trakya University Health 

Research and Application Center Hormone Analysis 

Laboratory. The serum cortisol levels (ug/dL) were 

measured in the Beckman Coulter DXI600 devise by 

the CIA method (Beckman Coulter Access Cortisol 

Kit, Lot: 922008). 
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Histological studies  

Animals were sacrificed at the diestrus phase and 
ovaries were harvested. Ovarian tissues were fixed  
in neutral buffered formalin (Sigma Aldrich, 
Taufkirchen, Germany). The tissue samples were 
dehydrated by passing through the rising alcohol 
series, cleared in toluene (Merck Millipore) and 
embedded in paraffin (Merck Millipore). The sections 
passing through the equator of the ovary were 
selected to see all follicles properly. They were 
stained with H&E and Masson’s Trichrome to analyze 
ovarian histology under the light microscope 
(Olympus BX 51, Japan). As a sign of stress-induced 
changes in steroidogenic activity in the ovary, the 
interstitial gland area was measured by imaging 
analysis system (version 2.11.5.1, Camera, Argenit, 
Turkey), on average 1.42 mm

2
 surface field/ovary 

with Masson’s trichrome stained sections. Sections 
were examined under light microscopy at 100X 
magnification. 

 

H&E staining 
The ovarian paraffin sections were twice dewaxed 

in xylene and rehydrated in descending grades of 

alcohol, then stained with H&E and ovarian 
histopathology was considered under a light 
microscope (Olympus BX 51, Japan)

18,19
. 

 

Masson’s trichrome staining 
Ovarian tissue sections were deparaffinized twice 

in xylene, then rehydrated through graded ethanols. 

Masson’s trichrome staining was used to perform 

morphometric measurements for interstitial glands
16

.  
 

Immunohistochemistry 

The paraffin sections of control and CS groups 
were incubated overnight at 56°C, and 
deparaffinization was performed. Then sections were 
subjected to antigen retrieval using boiled citrate 

buffer (pH 6.0, Thermo Scientific, AP-9003-500, 
Calif., USA), and treated in 3% (v/v) hydrogen 
peroxide for 10 min to block endogenous peroxidase 
activity. Sections were blocked with 1% pre-immune 
rabbit serum (Thermo Scientific, Ultra V Block, TA-
125-UB, Calif., USA) for 20 min to block non-

specific antibody binding. Later, incubated overnight 
with primary antibodies; Anti-IGF-1 antibody 
(LifeSpan LS-C388624) and Anti-Mullerian hormone 
antibody (Santa Cruz, MIS, sc- 6886) at 1/100 
dilution, and Anti-Bcl-2 antibody (LifeSpan LS-
B6548) at 1/200 dilution. Followed by the application 

of HRP biotinylated secondary antibody solution 
(Thermo Scientific, Streptavidin peroxidase, TS-125-
HR, Calif., USA) for 10 min, AEC chromogen (Abcam 

ab64252) was applied. Sections were counterstained 
with hematoxylin

20
. IGF-1, AMH, and Bcl-2 immuno-

reactivities were assessed using the histological score 
(H-score), which is obtained by multiplying the 
number of stained cells by the intensity of staining 

(low=1, medium=2, high=3)
21

. The sections were 
observed by light microscopy at 200X. 

 

Statistical analysis 

We used the SPSS 20.0 program (License number: 

10.240.642) in the Department of Biostatistics and 

Medical Informatics, School of Medicine, Trakya 

University. Mann-Whitney U test and Student-t test 

were used to determine differences between groups 

and data were recorded as means ± SD. Values for  

P ≤0.05 was considered significant. 

 

Results 
 

Effect of chronic stress (CS) on body and ovarian tissue weight 

Stress affected rat weight gain in the present study. 

The initial mean body weight of the control group was 

220 g and the latest weight was 245 g. Whereas the 

initial mean body weight of the CS group was 220 g 

and the latest weight was 223 g. After eight weeks, 

we showed CS group weighed less than the control 

group (P <0.0001). The ovarian tissue weights of the 

CS group (0.09 g) were also significantly lower than 

the control group (0.012 g) (p=0.013). 
 

Effect of CS on behavioural parameters 

In the rotarod test, all subjects could stay on roller 
cylinders for 3 min and their motor activities were 
accepted as normal. During the open field test, the 
anxiety levels of the subjects were evaluated by 

considering their total time spent in the center and the 
total distance moved. In the CS group, the total time 
spent in the center was 11.140 s and the total distance 
moved was 1487.12 cm. These data were lower than 
the control group (67.259 s, 1627.29 cm). In the 
elevated plus maze test, anxious behaviours were 

evaluated based on the length of time spent in and 
entering frequency to the closed arms. CS-exposed 
rats more often entered the closed arms than the 
control rats (mean times 7.4 vs. 5.5). All results 
suggest an increase in anxiety. 

 

Effect of CS on estrous cycle 

The smear data were used to calculate the cycle 

number during the eight-week experiment, the 

duration of the cycle and the diestrus indices were 

shown in Table 1. It was determined that the cycle 

number observed during the experiment of the CS 

group was significantly lower than the control group 
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(9 vs. 11.7, P <0.0001). However, CS caused 

extended cycle duration, the average duration of a 

cycle was 5.36 days in the control group, whereas it 

was 6.92 days in the CS group (P <0.001). The 

frequency of the diestrus phase increased in the CS 

group rats. Thus, a higher diestrus index was 

determined in the stress group than in the control 

group (28.7 vs. 23.4, p=0.011). The four phases of the 

estrous cycle exhibited regularly unique cellular 

properties in the control group. In the proestrus phase, 

clustered and round epithelial cells were shown  

(Fig. 1A). The phase having the characteristic of only 

nuclei-free cornified cells was accepted as the estrus 

phase (Fig. 1B). The large-volume nucleated 

epithelial cells and neutrophils were marked in the 

metestrus phase (Fig. 1C). In the diestrus phase, a few 

nucleated epithelial cells and neutrophils were 

observed in the smear samples (Fig. 1D). CS-induced 

neutrophil infiltration in the proestrus (Fig. 1E), but 

there were no differences in the estrus phase (Fig. 1F). 

A significant increase in neutrophil density was 

shown in the metestrus and diestrus phases of CS 

group animals (Fig. 1 G and H). 
 

Serum cortisol analysis 

Serum cortisol level was higher (1.17±0.67 ug/dL) 

in the CS group than that of the control group 

(0.88±0.18 ug/dL). However, there was no statistical 

significance (p=0.384). 
 

Effects of CS on ovary histopathology 

The dominant structures of the control ovaries in 

the diestrus phase were the primary and secondary 

follicles. Numerous healthy follicles at different 

developmental levels and also frequent mitotic figures 

among the granulosa cells were identified in the 

control group ovaries (Fig. 2A and 3A). However, 

fewer healthy follicles were found in the CS group 

and the interstitial glands were marked in the ovarian 

stroma in the CS group (Fig. 2B and 3B). Apoptosis 

in atretic follicles (Fig. 2C) and oocyte fragmentation 

(Fig. 2D) were observed in the ovaries of the chronic 

stress group, 400X. The interstitial glands, which 

were the structures that remained from the atretic 

follicles, existed in the ovarian stroma. This condition 

is a reflection of increased follicular atresia and also 

androgen secretion caused by chronic stress. 

Therefore, we measured interstitial fields on the 

sections stained with Masson’s trichrome with an 

average of 1.46 mm
2
 sectional field for each animal. 

In the CS group ovaries, a larger interstitial field was 

shown than those in the control group (0.80 mm
2
 vs. 

0.62 mm
2
). A statistically significant difference was 

found between the ovaries of the two groups in terms 

of the interstitial field/total sectional field (P <0.001; 

Fig. 3C). 
 

Effect of CS on IGF-1, AMH and Bcl-2 immunoreactivities  

Severe IGF-1 expression was found in the 

cytoplasm of granulosa cells and the oocytes of the 

multilaminar primary and secondary follicles in the 

control group (Fig. 4A). In the CS group, the low-

moderate immunoreactivity of IGF-1 was detected in 

the healthy follicles (Fig. 4B). We found a statistically 

significant difference between the two groups for 

Table 1 — Analysis of 8-week vaginal smear findings of the groups 

 Control group 

(n=10) 

CS group 

(n=10) 

p 

The cycle number 11.7 9 <0.0001* 

Length of a cycle (day) 5.36±0.56 6.92±1.17 <0.001* 

Diestrus index 23.40±5.54 28.70±4.45 0.011* 

[*Compared with the control group, P <0.05 was considered 

significant] 
 

 
 

Fig. 1 —Vaginal smear samples taken from (A-D) control; and 

(E-H) CS groups rat. [400X, H&E. Black arrows = neutrophil] 
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IGF-1 immunoreactivity (P <0.0001). The AMH 

immunoreactivity was observed in all the developing 

follicles but no staining was detected in  the  germinal 

epithelium, corpus luteum, or interstitial glands in the 

control ovaries (Fig. 4C). The ovaries exposed to 

chronic stress exhibited fewer AMH-positive follicles 

when compared with the control ovaries (Fig. 4D). 

For AMH immunoreactivity, there was a statistically 

 
 

Fig. 2 — Normal ovarian histology in (A) control group 200X; (B) CS group, decreasing number of healthy follicles and an increasing 

number of hypertrophic interstitial glands (arrowhead) are shown, 200X; and (C & D) Atretic follicles are marked in the CS group 

ovaries. [Apoptotic bodies (arrow), oocyte fragmentation (*), 400X, H&E] 
 

 
 

Fig. 3 — Healthy follicles in (A) control group, 200X; (B) Hypertrophic interstitial glands [Arrowhead = interstitial gland, 400X]; and 

(C) Masson’s Trichrome. Interstitial field/total sectional field in the ovaries of two groups. [*P <0.001] 
 

 
 

Fig. 4 — (A) Control group showing IGF-1 immunoreactivity as marked in the granulosa cells and oocytes of multilaminar primary and 

secondary follicles while (B) CS group showing weak to moderate immunoreactivity; (C) control group showing AMH immunoreactivity 

in all healthy follicles’ granulosa cells, and (D) CS group showing less immunoreactivity; and (E) control group showing moderate to 

strong Bcl-2 immunoreactivity as observed in granulosa cells, oocytes, theca cells, germinal epithelium, corpus luteum and interstitial 

glands; and (F) CS group showing Bcl-2 immunoreactivity as weak to moderate. [100X, Hematoxylin counterstaining] 
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significance between the control and CS group 

(P <0.0001). The Bcl-2 expression was observed 

widely in the ovarian tissue of the control group; most 

notably in the follicles, germinal epithelium, corpus 

luteum and interstitial glands. The Bcl-2 immuno-

reactivity was severe in the oocytes of multilaminar 

primary and secondary follicles, while it was 

observed as moderate in the primordial follicles, 

granulosa and theca cells of developmental follicles 

(Fig. 4E). However, the Bcl-2 staining was mostly 

weak in the germinal epithelium, corpus luteum, and 

interstitial glands in the CS group (Fig. 4F). When 

Bcl-2 immunoreactivity was evaluated in the ovarian 

tissue, there was a statistically significant difference 

between the two groups (P <0.0001). It was identified 

that the IGF-1, AMH and Bcl-2 H-score values of the 

CS group were lower when compared to the control 

group (P <0.0001; Table 2). 

Discussion 
The reproductive potential of females is related to 

ovarian reserve. The ovarian microenvironment has 
great importance for the development of mature and 
functionally competent oocytes from this reserve. In 
this study, we tested the changes of endocrine and 
paracrine factors playing roles in follicular 
differentiation and oocyte growth to explain the 
chronic physiological stress effects on the ovarian 
dynamic in female rats. In addition, we investigated 
the effects of restrainer stress on anxiety, estrous 
cycle and ovarian histology.  

Long-term stress leads to increased sensitivity to 
depression and anxiety

24
. During stress induction, 

many alterations are seen in behavioral, biochemical, 
and reproductive parameters

25
. Therefore, the 

assessment of these parameters will serve as an 
important basis to produce anti-stress activities

26
.  

Ovarian hormones commonly affect the behaviors 

of females
27

. Hormonal fluctuations are seen in 

women during the menstrual cycle
28

. As we 

considered the effects of chronic stress and the stage 

of the estrous cycles on anxiety, the diestrus stage is 

more suitable than the other stages because of low 

estrogenic fluctuations in rats. Furthermore, ovarian 

morphology is more quiescent in this stage. 

Therefore, we harvested ovaries in that stage to show 

clearer effects of CS on anxiety, estrous cycle and 

ovarian morphology. Ramos-Ortalaza et al.
12

 reported 

how ovarian hormones may modulate the 

development of depression and anxiety. They reported 

decreased anxiety in the estrus stage compared to 

proestrus and diestrus. Mid-levels of estrogen (estrus) 

decreased anxiety instead of peak levels of the 

gonadal hormones (proestrus)
29

. The elevated 

estrogen hormone levels have effect likeantianxiolytic 

and antidepressant
30

. Furthermore, during pregnancy 

applied maternal stress causes lower offspring birth 

weight and shorter gestation
31

. 

Previous studies reported that when the open field 

test was applied to female mice exposed to chronic 

restraint stress for 4 weeks, total moving distance and 

time spent in the center were significantly reduced
32

. 

Also, chronic restrainer stress caused an increase in 

the duration of staying in close arms in the elevated 

plus maze test
26

. Similarly, in our study, the CS-

exposed rats stayed on the periphery and failed to act 

in the open field test, additionally increasing entering 

frequency to the closed arms in the elevated plus 

maze test. These findings proved the anxiety in rats 

induced by 8 weeks of restrainer stress.  

The circulating estradiol levels may provide 

resistance to anxiety disorders in females
33

. On the 

contrary, some of the studies suggest females are 

more sensitive to anxiety because of changing 

hormonal levels
34

. Women have various periods 

which make them susceptible to depression and 

anxiety, such as puberty, pregnancy and 

perimenopause
35

. Stress can cause menstrual disorders 

and infertility in women
36

. A limited number of 

studies showed the effects of stress on menstrual 

cycle disorder. When an inflammatory-like stress 

attack was applied to non-human primates for five 

days during the follicular phase, it was observed that 

the follicular phase extended significantly
37

. Ramos-

Ortolaza et al.
12

 reported irregular cycles due to an 

extension in the estrus phase duration without 

entering into proestrus phases. Another study shows 

that disruption of the menstrual cycle has led to a 

decrease in pregnancy rates and fetal numbers
38

. 

The vaginal smear is a valuable parameter, in our 

study, it reflected the effects of chronic restrainer 

stress on the female genital tract. We showed a 

Table 2 — Immunohistochemical staining H-score values of 

the groups 

Control group (n=10) CS group (n=10) P 

IGF-1 215.63±21.3 128.75±13.6 <0.0001 

AMH 233.75±13 143.75±22.6 <0.0001 

BCL-2 142.50±14.9 106.25±14.1 <0.0001 

[*Compared with the control group, P <0.0001 was considered 

significant] 
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reduced number of cycles in the CS group because of 

the extension in the durations of the metestrus and 

diestrus phases. In addition, an extension of one cycle 

time, as well as a high diestrus index were observed. 

Although no neutrophils are seen in a normal 

proestrus phase, we showed neutrophils in proestrus 

smears of CS group rats. These results can be 

valuable data on stress-induced estrous cycle 

irregularity and may be a sign of an inflammatory 

response against stress. 
 

The hypothalamus-pituitary-adrenal axis (HPA) is 

affected under stress conditions and the alterations in 

the levels of corticotropin-releasing hormone (CRH), 

adrenocorticotropic hormone (ACTH) and cortisol 

can cause infertility
39

. The serum cortisol levels vary 

due to the type and duration of the stress factor. Also, 

gender is the other factor, that affects cortisol 

response
40

. A previous study suggested that chronic 

cold stress did not alter the serum cortisol levels
41

. It 

was stated that the cortisol level increased to the 

highest value on the 1st day of unpredictable and 

repeated restraint stress, while it did not change on the 

other days
42

. The other study reported that chronic 

immobilization stress caused a significant increase in 

serum corticosterone levels in female rats
43

. Similarly, 

in our study, restraint stress induced an increase in the 

serum cortisol level. But, it was a slight increase may 

be due to the adaptation ability of rats to stress. 
 

The interstitial glands derive from the theca interna 
of the atretic follicles. Thecal cells are converted into 
hormone-secreting interstitial cells by the atretic 
processes. It has been accepted for several years that 

this tissue is abundant in the estrus and appears to 
increase during pregnancy due to the elevation of 
progesterone and interstitial gland cells hyper 
atrophy

44
. The interstitial gland could be considered 

as a steroid-producing structure of the ovary 
exhibiting species specificity and they can synthesize 

and store steroid hormones. Their prominence may 
differ from one species to another, as well as with 
stages of the reproductive cycle

45
. In humans, the 

interstitial glands produce estrogen, while in rabbits, it 
is well-developed and secretes progesterone

43
. 

Atrophy of interstitial glands can be induced by 

hormonal imbalance
46

.The hypertrophic interstitial 
gland shows the aging ovary. Because it becomes as a 
highly steroidogenic tissue and includes reactive 
oxygen species then it effects follicular viability

47
. An 

increase in the interstitial gland number is closely 
related to the rise in the atresia in the ovary

48
.  

After exposure to immobilization stress, functional 
disorders were reported both in ovulation and oocyte 
development in female rats

49
. Chronic restraint stress 

caused a decrease in the number of healthy follicles, 
while an increase in the number of atretic follicles. 

For the first time, we measured increased interstitial 
gland area under the chronic stress. This may be an 
evidence of CS-induced endocrine disruption leading 
to time extension in the progestive estrous cycle. 
There are limited studies on interstitial glands so our 
findings can contribute to the literature to explain 

stress-induced ovarian disorders. 
 

IGF-1 is a growth factor that is expressed in the 
follicular cells and oocytes. IGF-1 acts synergistically 
with FSH to stimulate oocyte growth, increasing the 
number of developed oocytes and stimulating activity 
in the ovary

50
. It was reported that IGF-1 null mice 

could not ovulate and they have low estradiol levels
51

. 

Immobilization stress caused a reduction in the 
ovarian and serum IGF-1 levels in rats. This result 
was explained by the repression of CRH on the IGF-1 
protein expression

52
. In accordance with previous 

studies, we showed that 8 weeks of restrainer stress 
caused a decrease in IGF-1 immunoreactivity in the 

rat ovaries. 
 

AMH is another important paracrine factor in the 
ovary and also an indicator that preserved ovarian 
follicular reserve. It has been stated that there is a 
relationship between the low serum AMH level and 
stress in infertile women

53
. These results may be a 

sign of primordial follicle loss and disorders in 
reproduction in rats exposed to chronic restrainer 
stress. Although many studies measured blood levels 
of IGF-1 and AMH to evaluate the ovarian function, 
considering the ovarian dynamics, demonstrating 
tissue levels and localizations of these factors may 
become valuable to explain molecular mechanisms 
under the stress condition. We suggest that our 
immunohistochemical findings provide information, 
for the first time, that CS caused decreases in the 
levels of IGF-1 and AMH.  

 

Bcl-2 mainly plays a role in the apoptotic process 
as an anti-apoptotic factor. Studies have shown that, 
both the mRNA expression and the ovarian tissue 
level of Bcl-2 decline after chronic immobilization 

stress exposure
54

. Our study revealed that Bcl-2 
immunoreactivity decreased in the ovarian tissues of 
the CS group in comparison with the control group. 
The increase in the number of atretic follicles 
confirmed this result.  
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Conclusion 

Our above findings show that chronic stress 

decreased the body and ovary weights, created an 

irregularity in the estrous cycle, and disrupted ovarian 

dynamic by reducing IGF-1, AMH, and Bcl-2 

expressions in rat ovaries. Although anxiety was 

shown by behavioural tests, a slight increase in 

cortisol levels may be due to the adaptation of rats to 

stress conditions depending on their learning abilities. 

Immunohistochemistry showed the reduction of 

ovarian growth factors, that is may lead to ovarian 

failure. For the first time, interstitial gland area 

measurement, as a valuable parameter, is presented in 

our present study. The increase in interstitial gland 

area may be an indicator of stress-induced ovarian 

aging. In light of all these, our results contribute  

to future studies on protecting the ovarian 

microenvironment against stress exposure and 

understanding stress-related ovarian molecular 

mechanisms. 
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