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  ABSTRACT  
Prenatal Stress, LH, FSH, Estrogen 

and Progesterone, Withdrawal 

 This study examined maternal and offspring reproductive hormone 

levels following prenatal stress exposure and the chances of nature of 

stress reversal responses in female Wistar rats. 72 Wistar rats weighing 

between 160-200g and aged between 12-14weeks was used for the phase 

I of the study while 18 offspring from stressed parents were utilized for 

phase II respectively. Three (3) stress models were used to induce stress 

in the animals. Serum LH, FSH, estrogen and progesterone was assayed 

using ELISA analyzer. Data collected were analyzed for Mean±SEM 

and one way ANOVA statistic while Fisher’s LSD was used for post hoc 

test at p-value <0.05 level of significant. Exposure to the stressors had 

variable effects on serum levels of the reproductive hormones. Findings 

from the study revealed that variations in the level of the hormones 

examined depended on the nature of stressor used and the specific 

hormone concerned. For LH, exposure to the restraint and mirror 

stressors significantly increased (p<0.05) the level beyond the control 

level but the intruder stressor caused a decrease (p<0.05). For FSH, the 

only significant (p<0.05) alteration in the level of the hormone was 

observed when mirror stressor was used to induce stress in the rats. It 

caused an increase in the level of FSH beyond the control level. With 

respect to estrogen and progesterone, exposure of the female Wistar rats 

to the respective stressors studied could not produce significant 

alteration in serum levels of the hormones. Serum LH and FSH levels of 

the offspring of intruder stressor stressed-parents were significantly 

(p<0.05) higher than the level in the control rats. The level of serum 

estrogen and progesterone of the offspring was significantly (p<0.05) 

decreased. Withdrawal of stressor from stressed rats caused the reversal 

of serum levels of LH and FSH towards their respective levels in the 

unstressed (control) rats. In conclusion, exposure to different stressors 

induces stress of different intensity in the Wistar rats and this may 

explains the variable responses of the pregnant Wistar rats to different 

stressors. In all, continued exposure of the rats to stressful condition has 

the tendency of compromising the integrity of reproductive hormones 

and chances of fertility. 
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1. Introduction 

Stress has become as one of the most significant challenges to maintaining the body’s homeostasis. The 

inclination of the human system to keep up a consistent state of the internal environment is alluded to as 

homeostasis, and a ''stressor'' is perceived as whatever challenges homeostasis. [14] attests this view, 

contingent upon the type of stressor, there are different mechanism for keeping the body homeostasis at a 

set point by limiting the effect of unpleasant stressful events. As indicated by [12] a ‘‘stressor’’ in this case 

be a genuine physical test to homeostasis, (for example, exposure to an unexpected change in physical 

restriction or temperature variations), or the risk of a challenge, (for example, an immediate gaze from a 

progressively prevailing individual). 

 

The important fact therefore, is that stressors bring about course of various physiological occasions 

designed to set up the body for homeostatic response or challenge. Morton (2000) believes physiologic 

stress could either be good (such as; environmental enrichment) or bad (such as; emotional upset or 

physical pain). [19], notes that the physiological reaction to stress can be categorized into primary 

(generally neurologic as well as hormonal) and secondary reactions towards attaining adaptation. Various 

authors in trying to explain this event posits that stress perceived by the brain results in adaptive responses 

within an organ system structural complexity through neural and neuroendocrine pathways. There are 

various types of stress that can interfere with systems of living organisms. The experience of stressors by 

and large could be by chronic or acute stress. According to [2] the potential sources for acute stress on 

animals include: a single or short event, restraint or dosing for hours while on the other hand, chronic stress 

results from stressors that keep going for in excess of a couple of hours and may result from a consistently 

applied stressor, for example, incessant social pressure or repeated discontinuous use of intense stressors 

over a time of days to weeks. 

 

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 settings [8]. 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 hormones; for 

example, adrenalin, non-adrenaline and dopamine as well as the hypothalamic-pituitary-adrenal axis 

interface with hormones such as; Gonadotropin Releasing Hormone (GnRH), Prolactin, FSH and LH which 

are liable for ovulatory cycles. Secretion of endogenous opiates and melatonin are inhibited following 

stress, thereby, meddle with ovulation. Sympathetic innervation gives courses by which stress can interfere 

with fertility at the level of the sex organs of the female reproductive system [11]. 

 

Hormonal disorders are among the prevailing causes of infertility related cases among females. The 

inability of women at ovulation to regulate their reproductive hormonal levels may prompt excessively high 

or too low production of hormones. Ovulation itself relies on an unpredictable interplay of hormones and 

their collaborations determine its success, however, any interruption in the process can ruin ovulation. 

Impaired hypothalamic-pituitary-gonadal (HPG) axis activation results in alterations of pulsatile GnRH 

secretion [28]. In females, interference of LH surge will prevent ovulation and when the circulating 

concentration of serum FSH and LH are too low there is disturbance in maturation of Graafian follicles or 
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luteal phase insufficiency. These hormonal disorders relating to infertility are characterized with symptoms 

such as; irregular menstrual cycles, excessive bleeding, or very little bleeding, absence of menstruation or 

long menstruation, pelvic/abdominal cramps, and excessive weight loss or weight gains [17]. Practical 

examples of hormonal problems associated with female fertility as reported by [17] include; failure to 

produce mature eggs, malfunction of the hypothalamus and/or the anterior pituitary gland. 

 

2. Methodology 

 

2.1 Animal Care and Handling 

Seventy two (72) healthy adult female Wistar rats weighing between 160-200g and aged between 12 – 

14weeks were used for the phase I of the study. Meanwhile, Eighteen (18) female offspring from stressed 

parents were used to conduct the phase II of the study. The rats received normal rat chows and water ad 

libitum. The rats were maintained under standard laboratory and environmental conditions. The duration of 

the experiment was 9weeks. Prior to the study ethical approval was sorted and obtained and a pilot study 

conducted in previous study by [20] gave a guide to the nature of stressor, duration and intensity of choice, 

Hence, 3Weeks exposure at the Rate of 3Hours Per Day was applied. 

 

2.2 Animal Grouping 

For the phase I of the experiment, the animals were assigned into five (5) groups of six (n=6) rats respective 

as represented in Table 1. For phase II of the study, 18 offspring of female rats exposed to Intruder 

Paradigm stress model was assigned into three (3) groups of six rats each as shown in Table 2 below; 

 

Table 1: Potencies of Stressors, Mechanism of Stress-Induced and Actions Stress Reversal 

GROUPS  DESCRIPTION No. of Rats 

Group 1 Control non-pregnant female Wistar rats  6 rats 

Group 2* Non-pregnant female Wistar rats exposed to different (3) stressors 

at 3hours per day for 3weeks.  

6 rats x 3 

stressors = 18 

Group 3 Non-pregnant female Wistar rats exposed to different (3) stressors 
at 3hours per day for 3weeks, after which the stressors were 

withdrawn  for 1week 

6 rats x 3 
stressors = 18 

Group 4 Non-pregnant female Wistar rats exposed to different (3) stressors 

at a rate of 3hours per day for 3weeks, after which the stressors 
were withdrawn  for 2weeks 

6 rats x 3 

stressors = 18 

Group 5 Non-pregnant female Wistar rats exposed to different (3) stressors 

at 3hours per day for 3weeks, after which the stressors were 

withdrawn  for 3weeks 

6 rats x 3 

stressors = 18 

 TOTAL 72 

*Serum reproductive hormone levels were examined.  

The experiment assessed the effect of withdrawal of stressors on serum levels of LH, FSH, Estrogen and 

Progesterone 

 

Table 2: Reproductive Potential of Female Offspring of Stressed Rats 

GROUPS  DESCRIPTION No. of Rats 

Group 1 Offspringab of female Wistar rats exposed to 

Restraint stressor of 3hours per day for 3weeks  

6 rats 
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Group 2 Offspringab of female Wistar rats exposed to 

Mirrored stressor of 3hours per day for 3weeks   

6 rats 

Group 3* Offspringab of female Wistar rats exposed to Intruder 

stressor of 3hours per day for 3weeks  

6 rats 

 TOTAL 18 

*Levels of reproductive hormones was assessed (Only the Intruder stressor was used) 

aSurvival after 2weeks of delivery 

bBlood samples was collected from the offspring after 4weeks of delivery 

 

2.3 Induction of Stress 

Three (3) different stressors were adopted namely; Intruder Paradigm stressor (using aggressive cat), 

Restraint stressor and Mirror Chamber stressor respectively. The level of stress applied to the rats was based 

on exposure of the rats to stressors for a period of 3weeks at the rate of 3hours per day as described by [21], 

[20]. 

 

2.4 Serum Hormonal Levels 

The serum of the female Wistar rats were collected for hormonal assays for Luteinizing hormone (LH), 

Follicle Stimulating Hormone (FSH), Estrogen and Progesterone levels using the Enzyme-Linked 

Immunosorbent Assay (ELISA) analyzer as described below: 

 

2.5 Determination of the Concentration of Serum Luteinizing Hormone (LH): 

The quantitative test for serum luteinizing hormone levels is a solid phase ELISA testing involving a 

competitive binding method depicted by [3]. The test uses a goat anti-α- LH antibody medium for solid 

phase having numbered microtiter wells and a mouse monoclonal anti-β- LH antibody in the antibody-

enzyme (horseradish peroxidase) conjugate solution. The test sample is permitted to react at the same time 

with the antibodies bringing about LH molecules sandwiched between the enzyme-linked antibodies and the 

solid phase. The sample is incubated for a period of 45minutes at normal room temperature; thereafter the 

wells are properly rinsed with water to eliminate unbound-labeled antibodies. Then, a solution of TMB 

reagent is added and incubated for 20minutes bringing about the advancement of a blue shading. The colour 

improvement is halted by adding a stop solution, and the colour is changed to yellow and estimated 

spectrophotometrically at 450nm. LH concentration of the test sample is relative to the colour intensity. 

 

2.6 Determination of the Concentration of Serum Follicle Stimulating Hormone (FSH): 

The test for the quantitative evaluation of the concentrations of serum follicle- stimulating hormone levels 

included the principle of a solid phase ELISA testing which is based on the competitive binding technique 

as portrayed by [3]. The test uses a rabbit polyclonal anti-rat FSH antibody for solid phase immobilization 

and a goat anti-rat FSH antibody in coupled to enzyme conjugated arrangement. The test sample permitted 

to respond at the same time with the antibodies, bringing about FSH molecules being sandwiched between 

the enzyme -linked antibodies and the solid phase. Following a 3hour at 37ºC, the wells are rinsed properly 

with buffer to expel unbound marked antibodies. A solution of TMB is included and incubated for a period 

of 20minutes, bringing about the advancement of a blue shading. The colour advancement is halted with the 

expansion of 2 N HCl, and the receptiveness is estimated spectrophotometrically at 450 nm. The intensity 

of the color formed is related to the amount of enzyme present and is directly proportional to the amount of 

FSH present in the sample. 

 

2.7 Determination of the Concentration of Serum Estradiol: 
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Serum estrogen test is a another type of competitive ELISA test for the quantitative measurement of mouse 

estrogen in serum, plasma, culture supernatants and other biological fluids as portrayed in the technique by 

[3]. This ELISA kit depends on the guideline of competitive binding between E2 in the test specimen and 

E2 enzyme conjugate for estimating the constant amount of anti-estradiol polyclonal antibody. In the 

incubation, anti -E2 antibody coated wells are incubated alongside the E2 standards, controls, samples, and 

E2 enzyme conjugate at a normal room temperature for an hour. A fixed measure of HRP labeled E2 

competes with the endogenous E2 in the standard, sample, or quality control serum during the incubation 

for a fixed number of binding sites of the specific E2 antibody. The E2 peroxidase conjugate 

immunologically bound to the well progressively decreases as the concentration of E2 in the specimen 

increases. Unbound E2 peroxidase conjugate is then removed and the wells are washed. Then, a solution of 

TMB Reagent is added and incubated at room temperature for 30minutes to form the development of blue 

color. The colour advancement is halted with the expansion of stop arrangement, and the absorbance is 

estimated spectrophotometrically at 450 nm. A standard curve is obtained by plotting the concentration of 

the standard versus the absorbance. 

 

2.8 Determination of the Concentration of Serum Progesterone: 

The test for quantitative determination of concentration of progesterone hormones is estimated in 

serum/plasma involving a solid-phase enzyme immunoassay based on competitive binding procedure as 

explained by [3]. A test sample containing an unknown amount of progesterone competes with enzyme-

conjugated progesterone for high affinity binding sites on a limited number of antibodies coated on to the 

plate. The free antigen is washed away and the amount of labeled antigen in the sample is reversibly related 

to the conc of the unlabeled antigen. Thereafter, a substrate solution is added and the enzyme is allowed to 

form a reaction within a stipulated period and the reaction is later terminated. The absorbencies are read off 

at 450nm using ELISA plate reader. A standard curve is produced with the values from standards 

absorbency. Results for unknown may be read directly from this standard curve using either manual 

calculation or by a suitable computer program. 

 

2.9 Sample Collection 

At the end of a given experimental period for the different groups of rats, the rats were killed by cervical 

dislocation. Blood samples were collected from the Wistar rats by cardiac puncture, with the aid of a sterile 

syringe and needle into sample containers for biochemical investigations 

 

2.10 Statistical Analysis 

Data obtained from this study were presented using Mean ± Standard Error of Mean (x ̅±SEM). One-Way 

Analysis of Variance (ANOVA) statistic was used to compare means across groups using SPSS computer 

software version 22. Fisher’s Least Square Difference (LSD) was used for the Post Hoc Test. A p-level 

<0.05 served as an indicator of statistical significance. 

 

3. Results 

 

3.1 Reproductive Hormonal Profile Experiment: 

The rats used were stressed with restraint, mirror, or intruder stressors for 3 weeks at the rate of 3hours per 

day. The hormones estimated were luteinizing hormone, follicle stimulating hormone, estrogen and 

progesterone and the results of the series of experiments are presented in Figures 1-4. 
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Fig 1: Serum Luteinizing hormone (LH) Level in Female Wistar Rats after Exposure to Restraint, Mirror 

and Intruder Stressors for 3Weeks at the Rate of 3Hours Per Day (n=6). 

 

* = significant when compared to control 

c = significant when compared to intruder stressor 

 

Fig. 1above shows the comparative effect of stress on serum Luteinizing hormone (LH) levels of female 

Wistar rats after exposure to Restraint, Mirror and Intruder stressors at the rate of 3hours per day for 

3weeks. Serum LH levels in female rats exposed to Intruder stressor was significantly (p<0.05) decreased 

when compared to control level. The LH concentration of rats exposed to Restraint or Mirror stressors was 

significantly (p<0.05) increased when compared to the level of the hormone in the control rats. The level of 

serum LH in the rats stressed by exposure to Restraint or Mirror stressors was significantly (p<0.05) greater 

than the level in rats stressed by exposure to Intruder stressor. 

 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 03, May, 2022 

  

1105 
 

 
Fig 2: Serum Follicle Stimulating Hormone (FSH) Level of Female Wistar Rats after Exposure to Restraint, 

Mirror and Intruder Stressors for 3Weeks at the Rate of 3Hours Per Day (n=6). 

* = significant when compared to control 

b = significant when compared to mirror stressor 

 

Fig. 2 above shows the comparative effect of stress on serum Follicle Stimulating Hormone (FSH) levels of 

female Wistar rats after exposure to Restraint, Mirror and Intruder stressors at the rate of 3hours per day for 

3weeks. Results obtained revealed that serum FSH level in rats stressed by restraint or intruder stressors 

was not significantly altered, but stressing the rats with mirror stressor significantly increased serum FSH 

level, when compared to the control FSH level. The level of the hormone in rats stressed by exposure to 

mirror stressor was significantly (p<0.05) greater than the level in rats stressed by exposure to restraint or 

intruder stressors. 
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Fig 3: Serum Estrogen Level of Female Wistar Rats after Exposure to Restraint, Mirror and Intruder 

Stressors at a Rate of 3Hours Per Day for 3Weeks (n=6). 

 

Fig. 3 above shows the comparative effect of stress on serum estrogen levels of female Wistar rats after 

exposure to Restraint, Mirror and Intruder stressors at the rate of 3hours per day for 3weeks. Results 

obtained revealed that there was a decrease in Estrogen levels in female rats exposed to intruder stressor 

when compared to control group, though the decrease was not significant. The Estrogen levels of rats 

exposed to mirror and restraint stressors were only slightly elevated when compared to control. 
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Fig 4: Serum Progesterone Level of Female Wistar Rats after Exposure to Restraint, Mirror and Intruder 

Stressors for 3Hours Per Day for 3Weeks (n=6). 

 

Fig. 4 above shows the comparative effect of stress on serum progesterone levels of female Wistar rats after 

exposure to Restraint, Mirror and Intruder stressors at the rate of 3hours per day for 3weeks. Irrespective of 

the nature of the stressor used in stressing the female Wistar rats, the serum level of progesterone was 

decreased, though; the extent of decrease was not significant. 

 



Chukwuebuka, et.al, 2022                                                                                      Azerbaijan Medical Journal 

 

1108 
 

 
Fig 5: Serum LH Level in Stressed Parent Wistar Rats and their Female Offspring (n=6) 

 

* = significant (p<0.05) when compared to control 

+ = significant (p<0.05) when compared to offspring level 

** = Parent rats were stressed with intruder stressor a = blood was collected at 4weeks after delivery 

 

Fig. 5 above shows the comparative effect of stress on serum LH levels of stressed parents and their 

offspring. There was significant (p<0.05) increase in LH levels of offspring of rats exposed to Intruder 

stressor when compared to the LH level of the control and stressed parent rats. The reverse was the case 

with respect to the LH level of the stressed parent rats. The level was significantly (p<0.05) lower than that 

of the control rats. The serum LH level of the offspring of the stressed parents was significantly (p<0.05) 

different from that of their parents. 
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Fig 6: Serum FSH level in Stressed Parent Wistar Rats and their Female Offspring (n=6) 

* = significant (p<0.05) when compared to control 

+ = significant (p<0.05) when compared to parents 

** = Parent rats were stressed with intruder stressor a = blood was collected at 4weeks after delivery 

 

Fig. 6 above shows comparative effect of stress on serum FSH levels of stressed parents and their offspring. 

There was significant (p<0.05) increase in FSH levels of offspring of rats exposed to Intruder stressor when 

compared with the FSH level of the control and parent rats. With respect to the FSH level of their parents, 

the reverse was the case. FSH level of the female parents’ serum was significantly (p<0.05) lower than that 

of the control rats. The serum FSH level of the offspring of the stressed parents was significantly (p<0.05) 

different from that of their parents. 
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Fig 7: Serum Estrogen Level in Stressed Parent Wistar Rats Parents and their Female Offspring (n=6) 

* = significant (p<0.05) when compared to control 

+ = significant (p<0.05) when compared to offspring level 

** = Parent rats were stressed with intruder stressor a = blood was collected at 4weeks after delivery 

 

Fig. 7 above shows comparative effect of stress on serum estrogen levels of stressed parents and their 

offspring. The serum level of estrogen of the offspring of the stressed rats was significantly (p<0.05) 

decreased when compared with the control and parent rats. Stress did not significantly alter the estrogen 

level of the parent rats, when compared to the control level. The serum estrogen level of the stressed parents 

was significantly (p<0.05) different from that of their offspring. 
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Fig 8: Serum Progesterone Level in Stressed Parent Wistar Rats and their Female offspring (n=6) 

* = significant (p<0.05) when compared to control 

+ = significant (p<0.05) when compared to offspring level 

** = Parent rats were stressed with intruder stressor a = blood was collected at 4weeks after delivery 

 

Fig. 8 above shows comparative effect of stress on serum progesterone levelsof stressed parents and their 

offspring. The serum level of progesterone of the parent rats was unaltered by exposure to the intruder 

stressor. However, the serum progesterone level of the offspring was significantly (p<0.05) decreased when 

compared with the control and parent levels of the hormone. The serum progesterone level of the stressed 

parents was significantly (p<0.05) different from that of their offspring. 

 

3.2 Stress Reversal Experiments: 

This section of the study examined stress reversal induced by stressor withdrawal from the stressed rats. 

The stressors were withdrawn on weekly intervals, after exposure of the Wistar rats to the different stressors 

on the basis of 3hours per day and for 3weeks. The features monitored and assessed were serum levels of 

reproductive hormones; LH, FSH, Estrogen and Progesterone in the experimental rats. 

 

 
Fig 9: Weekly Stressor Withdrawal on Serum LH Concentration of Female Wistar Rats Exposed to the 

Respective Stressors at 3Hours Per Day, for 3Weeks (n=6). 

* = significant (p<0.05) when compared to control 

** =level when the rats were stressed (3hours per day, 3weeks). 

a = significant (p<0.05) when compared to withdrawal at 1week and intruder stressed rats 

 

Fig. 9 above shows the effect of stressor withdrawal on serum LH levels in female Wistar rats following 
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exposure to stressors at the rate of 3hours per day for 3weeks. Exposure of the rats to restraint and mirror 

stressors for 3weeks significantly (p<0.05) increased the serum level of LH beyond the control level. When 

the stressors were withdrawn on weekly basis (upto 3weeks) the serum LH level did not significantly alter 

from the level in the stressed rats. With respect to the intruder stressor, and exposure of the rats to the 

stressor significantly (p<0.05) decreased serum level of LH, withdrawal of the stressor on weekly basis 

caused stepwise increase in the level of LH towards the control level. In fact, the level of serum LH at the 

end of the 3rd week of stressor withdrawal was significantly (p<0.05) greater than the level in the intruder 

stressed rats and at the end of the 1st week of stressor withdrawal. 

 

 
Fig 10: Weekly Stressor Withdrawal on Serum FSH Concentration of Female Wistar rats Exposed to the 

Respective Stressors at 3Hours Per Day, for 3Weeks (n=6). 

* = significant (p<0.05) when compared to control 

** =level when the rats were stressed (3hours per day, 3weeks). 

a = significant (p<0.05) when compared to withdrawal at 1week and the intruder stressed rats 

 

Fig. 10 shows the effect of stressor withdrawal on serum FSH levels in female Wistar rats following 

exposure to varying stressors at the rate of 3hours per day for 3weeks. Exposure of rats to restraint stressor 

for 3weeks did not significantly alter serum level of FSH beyond the control level, but weekly withdrawal 

of the stressor caused slight increase in the level of FSH at the end of the 1st and 2nd week of stressor 

withdrawal. By the end of the 3rd week the level of FSH had significantly (p<0.05) increased beyond the 

control FSH level. With respect to the intruder stressor, exposure to the stressor significantly (p<0.05) 

decreased the level of serum FSH in the rats but weekly withdrawal of the stressor showed stepwise 

increase in the serum level of FSH back towards the control level. By the end of the 3 rd week of stressor 

withdrawal the level of serum FSH had increased upto about the serum level of FSH in the control rats. The 

increase was significant (p<0.05). For the mirror stressor, exposure of rats to the stressor significantly 
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(p<0.05) increased the levels of serum FSH in the stressed rats. But weekly withdrawal of the stressor 

reduced the levels of the hormone in the rats by about and 41.1% at the end of the 3rd week. The level of 

FSH in the rats by the end of the 3rd week of stressor withdrawal was still significantly higher (p<0.05) than 

the control level. 

 

 
Fig 11: Effect of Weekly Stressor Withdrawal on Serum Estrogen Concentration of Female Wistar Rats 

Exposed to the Respective Stressors at 3Hours Per Day, for 3Weeks (n=6). 

* = significant (p<0.05) when compared to control 

** =level when the rats were stressed (3hours per day, 3weeks). 

a = significant (p<0.05) when compared to withdrawal at 1week 

b = significant (p<0.05) when compared to withdrawal at 2weeks 

 

Fig. 11 shows the effect of stressor withdrawal on serum Estrogen levels in female Wistar rats following 

exposure to different types of stressors at the rate of 3hours per day for 3weeks. Exposure of rats to restraint 

or mirror stressor did not significantly alter serum estrogen level in the stressed rats. Withdrawal of the 

stressors on weekly basis for upto 3weeks did not also significantly change serum estrogen level in the 

stressed rats. But with the weekly withdrawal of intruder stressor for 1week or 3weeks after the rats had 

been stressed, the serum estrogen level in the rats significantly (p<005) decreased below the control level. 

However, the withdrawal on weekly basis did not significantly change the serum level of estrogen in the 

stressed rats. 
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Fig 12: Weekly Stressor Withdrawal on Serum Progesterone Concentration of Female Wistar Rats Exposed 

to the Respective Stressors at 3Hours Per Day, for 3Weeks (n=6). 

* = significant (p<0.05) when compared to control 

** =level when the rats were stressed (3hours per day, 3weeks). 

a = significant (p<0.05) when compared to withdrawal at 1week 

c = significant (p<0.05) when compared to withdrawal at 3weeks 

 

Fig. 12 shows the effect of stressor withdrawal on serum progesterone levels in female Wistar rats 

following exposure to varying stressors at the rate of 3hours per day for 3weeks. Exposure of rats to 

restraint stressor did not alter the serum progesterone level of the stressed rats. Withdrawal of the stressor 

from the rats upto the 3rd week did not also alter the level of progesterone from control level. Exposure of 

the Wistar rats to either mirror or intruder stressor did not significantly alter progesterone level in the rats. 

Similarly, weekly withdrawal of the stressors from the stressed rats did not also significantly change 

progesterone level in the rats. 

 

4. Discussion 

Stress had variable effects on serum levels of the reproductive hormones. Results obtained show that the LH 

level of rats exposed to restraint and mirror stressors significantly increased beyond the control level but the 

intruder stressor caused a decrease. The observation agrees with that of [16] who found that exposure of rats 

to predator induced stress led to significant reduction in the LH in oestrous phase when compared to 

control. The observation suggests multiple pathways linking perceived stress with reproductive function via 
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activation of HPA-axis, and leading to production and secretion of Luteinizing hormone [7]. Still based on 

the observation, it appears that the cellular mechanism for stress-induced LH reduction is related to 

inhibition of GnRH pulsatile responsiveness which in turn inhibits LH production and secretion [9]. The 

implication of this is that it reduces the time for follicular development according to [23], which can 

interfere with the number and quality of released ova after ovulation. The significant increase in serum level 

of LH following exposure of the female rats to restraint and mirror stressors may be explained by reference 

to the intensity of stress induced by the stressors. 

 

As explained earlier in this discussion, the intruder stressor is distinct from the other two as it induced great 

fear in the rats, suggesting that it could be inducing its effect through a different mechanism. The results of 

the study show that mean serum FSH level in rats stressed by exposure to intruder or restraint stressor was 

not significantly altered, though exposure to mirror stressor caused significant (p<0.05) increase. Again, as 

explained above the different degrees of intensity of stress induced in the rats may be responsible for the 

different responses observed. [30] in their study involving psychosocial stress setting observed enhanced 

level of serum FSH. But [26] reported that FSH secretion in rats was unaffected by exposure to various 

stressors. 

 

Estrogen as a female sex hormone is required in physiologic levels to play significant role in reproduction 

especially in the development of the uterus during pregnancy and in stimulation of contractile proteins; 

however, depletion of estrogen levels occurs in menopause [15]. With respect to serum estrogen levels, 

exposure of the female Wistar rats to the respective stressors studied could not produce significant alteration 

in serum levels of the hormone. Going by the report of [5] stress suppresses granulosa cell aromatase 

enzyme activity in the ovary which in turn inhibits the production of estrogen by the ovary. But the 

observation in the present study indicated that though the serum levels were not significantly altered, the 

level with respect to exposure to intruder stressor was decreased compared to control value. The different 

responses to stress in this case can still be explained by reference to the intensity of stress induced in rats by 

the different stressors. 

 

The results of this study as it concerns serum level of progesterone is that exposure of the Wistar rats to 

stressors did not significantly alter the serum level of the hormone, though the levels were decreased 

compared to the control. The result agrees with the report of [6] who made similar finding also in rats. 

However, [18], [10] had contrary observation, observing that restraint stressor caused an increase in the 

level of serum progesterone. The mild reduction in serum level observed in the present study may have 

been mediated by elevated level of corticosterone from the adrenal gland, which in turn will depress the 

release of the gonadotropin [24], [22]. This will obviously suppress the release of serum progesterone. The 

contrary observations by [10], [18] are difficult to explain. 

 

Stress withdrawal acts as a behavioral response for establishing constancy of the internal milieu. Re -

establishment of homeostasis is achieved by evoking adaptive responses leading to a coping strategy. Such 

coping mechanisms according to [13] have an adaptive value in a stressful situation, and Carere et al, 

(2010) opted that withdrawal of stressor could induce resilience to stress. This was equally reported in the 

study of [22] that exposure of the rats to the respective stressors at the rate of 3hours per day for 3weeks did 

not significantly alter serum corticosterone level in the stressed rats, thus, the withdrawal of stressor at the 

end of 3weeks exposure may well reflect adaptative change in the responses of rats to stress. In essence, 

withdrawal of stressor from respective stressed rats caused the reversal of serum levels of LH, and FSH 

(and not estrogen and progesterone) towards their respective levels in the unstressed (control) rats 

irrespective of the stressor applied. However, the reversal was more obvious to the mirror and intruder 
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stressors, suggesting that the stress induced by mirror stressor and intruder stressors were more sensitive to 

stress removal, which occurred in a stepwise manner for up to 3weeks. This observation could be the reason 

why [27] pointed out that the elicited responses to stress and reversal may differ depending on the type of 

stress and hormonal state of the individual. The limbic hypothalamic-pituitary-adrenal (HPA) axis is the 

primary circuit that is involved in initiation, regulation and termination of a stress response, with the brain 

areas involved in stress control and response being similar [1]. 

 

Summarily with regards to reproductive hormones; LH and FSH are released physiologically in pulsatile 

manner by the action of GnRH which eventually stimulates gonadal production of gametes and release of 

sex steroids such as estrogen and progesterone. With the event of stress, reproduction is influenced resulting 

from deregulation of the HPG-axis [29]. The observed alterations in LH secretion shows the action of stress 

towards suppressing luteinizing hormone as argued by [25] via modulation of HPA axis and pituitary 

responsiveness to GnRH [4]. A clinical cohort study by Karen et al. (2015) revealed that higher perceived 

daily stress levels in premenopausal women was associated with lower concentration of LH estrogen and 

progesterone, interfering with normal menstrual function: thus leading to reproductive dysfunctions. Hence, 

the variation in the serum level of reproductive hormones depends on the nature of stressor used and the 

specific hormone concerned. 

 

5. Conclusion 

Exposure to the stressors had variable effects on serum levels of the reproductive hormones. The variation 

in the level of the hormones depended on the nature of stressor used and the specific hormone concerned. 

For LH, exposure to the restraint and mirror stressors significantly increased (p<0.05) the level beyond the 

control level but the intruder stressor caused a decrease (p<0.05). For FSH, the only significant (p<0.05) 

alteration in the level of the hormone was observed when mirror stressor was used to induce stress in the 

rats. It caused an increase in the level of FSH beyond the control level. With respect to estrogen and 

progesterone, exposure of the female Wistar rats to the respective stressors studied could not produce 

significant alteration in serum levels of the hormones. Findings from this study has also shown that Serum 

LH and FSH levels of the offspring of intruder stressor stressed-parents were significantly (p<0.05) higher 

than the level in the control rats. The level of serum estrogen and progesterone of the offspring was 

significantly (p<0.05) decreased. Withdrawal of stressor from stressed rats caused the reversal of serum 

levels of LH and FSH towards their respective levels in the unstressed (control) rats. Withdrawal of the 

different nature of stressors caused no change in the serum levels of corticosterone, estrogen and 

progesterone. 
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