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ABSTRACT 
Sleep deprivation is becoming an everyday experience and has been associated with generation of chronic stress and low level 

of testosterone. This study aimed to evaluate the influence of mifepristone on testicular oxidative stress and serum inflammatory 

markers in sleep deprivation induced chronic stress in rats. Twenty five rats were divided into five groups (n=5) and designated 

as follows: Group 1: Control, Group 2: sleep deprived (SD), Group 3: sleep deprived and sleep recovery (SD+SR), Group 4: 

sleep deprived mifepristone treated (SD+MIF), Group 5: sleep deprived and recovery mifepristone treated (SD+SR+MIF). Rats 

were sleep deprived for five days, mifepristone 10mg/kg was given orally for mifepristone treated groups while recovery groups 

were allowed to recover for five days. At the end of the experiments cortisol, testosterone, interleukin 6 (IL-6) and c reactive 

protein (CRP) were analysed while testicular malondialdehyde (MDA), catalase (CAT), and glutathione (GSH) were also 

evaluated. Rats in SD group had significantly increased level of MDA and cortisol, IL-6 and CRP levels (p<0.05), while showing 

significantly reduced the levels of testosterone, GSH, and CAT (p<0.05). Treatment with mifepristone reversed the changes in 

the MDA, GSH, CAT, cortisol, testosterone levels (p<0.05), while only sleep deprived recovery (SD+SR) reversed changes in 

IL-6 and CRP. The present findings indicate that mifepristone possesses antioxidant properties which may ameliorate the 

imbalance between reactive oxygen species (ROS) and production of antioxidant enzymes in the testis. However, sleep recovery 

is important in reversing inflammatory changes due to sleep deprived induced chronic stress. 
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INTRODUCTION 
 

A stressor may be a physical or psychological threat to safety, 

status, or wellbeing; physical or psychological demands that 

exceed available resources. However, although stressful 

events are inevitable in daily life and overcoming obstacles is 

inherent to success, chronic stressful events are detrimental 

(Hannibal and Bishop, 2014). In addition, chronic stress can 

be either a triggering or aggravating factor for many diseases 

and pathological conditions (Yaribeygi et al., 2017) . Previous 

studies in rats correlated stress-induced glucocorticoid 

secretion with alterations in the structure of the testis and sub-

fertility (Mingoti et al., 2003; Swami and Jeganathan 

Ramanathan, 2007; Yazawa et al., 2000).    

 Sleep deprivation is known to be an indicator of stress 

factors in the living environment  and is on the rise with the 

advent of technological advances and also  shift work and on-

call duties during night are necessities in our modern world 

(Hardeland, 2018). Sleep deprivation is said to be responsible 

for a significant production of oxidants and invariably reactive 

oxygen species (Villafuerte et al., 2015) also,  chronic stress 

exposure has been implicated in the induction of oxidative 

stress by excessive production of free radicals and reactive 

oxygen species (ROS), which can cause alterations in both cell 

membranes and constituents ending by cell mutation or 

damage (Juliet et al., 2004; Yang and Lin, 2002).  For 

example, testicular membranes are rich in polyunsaturated 

fatty acids and therefore are susceptible to oxidative 

stress(Ghosh et al., 2002). Furthermore, a correlation was 

noted between free radical production and gonadal 

steroidogenesis (Manna et al., 2003).  

 Sleep deprivation is  a chronic stressor and can  cause 

prolonged activation of the hypothalamic-pituitary-adrenal 

axis and excessive cortisol release, which is believed to 

contribute to inflammation by impairing the function of 

glucocorticoid receptors (down-regulation, reduced 

expression, nuclear translocation) (Mackin and Young, 2004; 

Silva et al., 2004)]. Glucocorticoid receptor abnormalities 

reduce the immune system’s capacity to respond to cortisol 
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and lower inflammation, resulting in concomitantly sustained 

levels of cytokine and cortisol release (Chrousos, 1995; Miller 

et al., 2002). 

 Mifepristone an anti-glucocorticoid has been 

demonstrated to have use in Alzheimer’s disease (Blasey et 

al., 2009) and psychotic depression (Belanoff et al., 2002) it 

has also been used in the treatment breast cancer (Im and 

Appleman, 2010). Since both oxidative stress and 

inflammation has been linked to the high level of 

glucocorticoids caused by chronic stress, we hypothesize that 

mifepristone an anti-glucocorticoid could modulate the 

chronic stress induced by sleep deprivation. 

 

MATERIALS AND METHODS 
 

Animals: Twenty five male Wistar rats of weight 180- 200g 

purchased from Ekiti State University, Ado –Ekiti, Ekiti-

State, Nigeria were used for the study. The rats were housed 

and maintained in standard conditions of light, feeding and 

temperature in the Animal House of College of Medicine, 

Ekiti State University, Ado –Ekiti, Ekiti-State, Nigeria. The 

study was conducted in accordance with the standards 

established by the Guide for the Care and Use of Laboratory 

Animals (Research, 1996). Rats had unrestricted access to 

standard rat chow and tap water. The experimental protocol 

lasted twenty four days. The first seven days were set aside for 

acclimatization to laboratory environment, the animals were 

randomly assigned to one of the following experimental 

groups (n = 5 per group) and treated accordingly. Rats in 

Group I (Control) received olive oil (10ml/kg, orally) daily. 

Rats in Group II received olive oil (10ml/kg, orally) daily; 

designated as Sleep Deprived group (SD). Those in Group III 

received olive oil (10ml/kg, orally) daily; designated as Sleep 

Deprived, Sleep Recovery group (SD + SR). Those in Group 

IV received mifepristone (10mg/kg, orally) daily; designated 

as Sleep Deprived with Mifepristone (SD + Mif). Group V 

received mifepristone (10mg/kg, orally) daily; designated as 

Sleep Deprived, Sleep Recovery with Mifepristone treatment 

(SD + SR + Mif).  

 

Drug: Mifepristone tablets 200mg with code number 

HR/DRUGS/325-OSP (H), batch number: NMS-01 was 

purchased from Naman Pharma Drugs Princess Street 

Mumbai -2 India. Mifepristone was dissolved in olive oil and 

was given by oral gavage at 10mg/kg/d as described by (Khalil 

et al., 2018). 

 

Sleep-deprivation model: Twenty-five rats of weight 180-

200g were used in the research. The rats were acclimatized for 

seven days under ambient temperature of 25oC and standard 

photoperiod of 12hr light-dark cycle after which they were 

subjected to Paradoxical sleep deprivation for 20hrs 

(11:00am-7:00am next morning) in the for 5 days with 4hr 

(7:00am-11:00am) rest each day using Modified Multiple 

Platform (MMP) method. The MMP has been previously 

described (Oh et al., 2012). The rats were sleep deprived for 5 

days. The water in the tank was changed daily throughout the 

SD period. The control group was allowed sleep in their cages. 

For sleep recovery model, after 5 days of sleep deprivation, 

the animals were given a sleep recovery period of 5 days. 

 

Experimental procedure: 

Rats were sacrificed in stages: Sleep deprived groups at the 

end of five days sleep deprived and sleep recovery groups at 

the end of five days sleep recovery. The rats were 

anaesthetized using a mixture of 25% (w/v) urethane and    1% 

(w/v) alpha chloralose (5ml/kg; intraperitoneally., BDH 

chemicals Ltd., Poole, England). The animals were humanely 

sacrificed and samples were collected via cardiac puncture 

with 5mls syringes after opening of the upper abdominal 

region. Blood samples were collected into plain bottles. The 

blood samples were centrifuged at 3000r/p for 10 minutes. The 

serum samples were micro-pipetted into plain bottles and were 

immediately stored at -40c.  

 

Testosterone: Testosterone content was determined using an 

enzyme-linked immunosorbent assay kit (Accubind, 

Monobind Inc. Lake Forest, USA). This assay is based on the 

principle of competitive binding. Competition occurs between 

unlabeled antigen (present in the samples) and enzyme-

labeled antigen (conjugate) for a limited number of antibody 

binding sites on the microwell plate. After incubation (1 h), 

the microplate was washed four times and substrate solution 

was added. Optical density was measured and testosterone 

concentration was estimated as described previously (Aebi, 

1984). 
 

Cortisol: After sacrifice, blood was collected by cardiac 

puncture and serum was obtained by centrifugation (3000 × g 

for 10 min). Cortisol content was determined using an 

enzyme-linked immunosorbent assay kit (Accubind, 

Monobind Inc. Lake Forest, USA). This assay is based on the 

principle of competitive binding. Competition occurs between 

unlabeled antigen (present in the samples) and enzyme-

labeled antigen (conjugate) for a limited number of antibody 

binding sites on the microwell plate. After incubation (1 h), 

the microplate was washed four times and substrate solution 

was added. Optical density was measured at 450nm and 

cortisol concentration was estimated (Kinn Rød et al., 2017). 

 

Serum Interleukin 6 (Il-6): This assay employs the 

competitive inhibition enzyme immunoassay technique. A 

monoclonal antibody specific to interleukin 6 (IL6) has been 

pre-coated onto a microplate. A competitive inhibition 

reaction was launched between biotin labelled IL6 and 

unlabelled IL6 (Standards or samples) with the pre-coated 

antibody specific to IL6. After incubation the unbound 

conjugate was washed off. Next, avidin conjugated to 

Horseradish Peroxidase (HRP) was added to each microplate 

well and incubated. The amount of bound HRP conjugate was 

reverse proportional to the concentration of IL6 in the sample. 

After addition of the substrate solution, the intensity of colour 

developed was reversed proportional to the concentration of 

IL6 in the sample(Yoga et al., 2009). 

 

Serum C-Reactive Protein (CRP): This assay employs the 

competitive inhibition enzyme immunoassay technique. A 

monoclonal antibody specific to c reactive protein (CRP) has 

been pre-coated onto a microplate. A competitive inhibition 

reaction was launched between biotin labelled CRP and 

unlabelled CRP (Standards or samples) with the pre-coated 
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antibody specific to CRP. After incubation the unbound 

conjugate was washed off. Next, avidin conjugated to 

Horseradish Peroxidase (HRP) was added to each microplate 

well and incubated. The amount of bound HRP conjugate was 

reverse proportional to the concentration of CRP in the 

sample. After addition of the substrate solution, the intensity 

of colour developed was reversed proportional to the 

concentration of CRP in the sample (Dimitrov et al., 2014). 

 

Homogenization of Testicular Tissue Samples: Testis tissue 

samples were quickly excised and thereafter, washed in cooled 

0.15M NaCl and were homogenized in 2ml of ice-cold 

potassium phosphate buffer (0.1M, pH: 7.4) using an 

improvised homogenizer. Samples were centrifuged at 

5000r/m for 15 minutes to obtain supernatant. The supernatant 

obtained was micro pipetted into 3 different plain bottles and 

stored at -40c prior use for the estimation of MDA, GSH, and 

CAT.  

 

Testicular Malondialdehyde.: Malondialdehyde (MDA) 

results from degradation of polyunsaturated lipids. The 

production of this substance is used as a biomarker to measure 

the level of lipid peroxidation. MDA reacts with thiobarbituric 

acid (TBA) as a thiobarbituric acid reactive substances 

(TBARS) to form a 1: 2 MDA-TBA adduct, which is absorbed 
at 532 nm. Thus, the quantity of TBARS is proportionate to 

the amount of MDA. The concentration of TBARS was 

calculated using MDA standard curve and was expressed as 

𝜇mol/mg of protein (Devasagayam et al., 2003). 

 

Testicular Gluthatione: GSH was measured by the method 

of. Briefly, to 0.1mL of sample, 0.9mL distilled water and 

1.5mL of precipitating reagent were added (3.34 g 

metaphosphoric acid, 0.4 g EDTA, and 60.0 g sodium 

chloride). Tubes were shaken and allowed to stand for 5min at 

room temperature (25 ± 1 ∘C). The mixture was centrifuged 

for 15min at 4000 rpmat 4∘C. In 1.0mL supernatant, 4.0mL of 

phosphate solution (0.3M disodium hydrogen phosphate) and 

0.5mL 5-50-dithiobis-(2-nitrobenzoic acid) (DTNB) (80mg in 

1% sodium citrate) were added. Development of yellow color 

complex was read immediately at 412 nm on a 

spectrophotometer. A standard curve using GSH was prepared 

and GSH concentration in the experimental samples was 

extrapolated from the standard curve. GSH concentration was 

calculated and expressed as mM of GSH/mg protein. 

 

Testicular Catalase Enzyme: CAT activity was assayed by 

H2O2 consumption, following (Aebi, 1984) method. Briefly, 

using UV spectrophotometric method, which depends on 

monitoring the change of 240nm absorbance at high levels of 

hydrogen peroxide solution (≥ 30𝑚𝑀). High levels of 

hydrogen peroxide (H2O2) immediately lead to inhibition of 

the catalase enzyme by altering its active site structure, 

although there is variation in the extent to which this occurs. 

Catalase was expressed in mmol/min/ml. 

 

Statistical Analysis 

Data are expressed as means ± standard error of the mean 

(SEM). Statistical group analysis was performed with Graph 

pad (Prism 7) statistical software. Test of variance was done 

using ANOVA, followed by Bonferroni’s multiple 

comparisons test. Statistically significant differences were 

accepted at p < 0.05. 

 

RESULTS 
 

Hormones: The result shows a significant increase (P<0.05) 

in the level of cortisol (Fig 1A) in SD, SD+SR and SD+MIF 

when compared with CTRL. There was however a significant 

reduction (P<0.05) in the cortisol level of SD+SR, SD+MIF 

and SD+SR+MIF when compared to the Group SD. 

Furthermore, there is a significant decrease (P<0.05) in the 

level of cortisol in SD+SR+MIF compared to SD, SD+SR and 

SD+MIF. However, there was a significant reduction (P<0.05) 

in the level of testosterone (Fig 1B) in SD, SD+MIF, 

SD+SR+MIF when compared to the CTRL. Furthermore, 

SD+SR, SD+MIF, SD+SR+MIF all showed significant 

increase in testosterone level (P<0.05) compared to SD. There 

is a significant decrease in testosterone level (P<0.05) in 

SD+MIF when compared to SD+SR. 

 

 
Figure.1  

Effect of Mifepristone on hormonal parameters. A: Cortisol B: Testosterone. n = 5 in all groups. αp < 0.05, vs CTRL; βp < 0.05, vs SD; γp < 

0.05, vs SD+SR; δp<0.05, vs SD+MIF. CTRL: control; SD: sleep deprived; SD+SR: sleep deprived and sleep recovery; SD+MIF: sleep 

deprived mifepristone treated; SD+SR+MIF: sleep deprived and sleep recovery mifepristone treated. 
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Figure 2.  
Effect of Mifepristone on testicular oxidative stress parameters. A: malondialdehyde (MDA) B: glutathione (GSH) and C: catalase (CAT)  n = 

5 in all groups. αp < 0.05, vs CTRL; βp < 0.05, vs SD; γp < 0.05, vs SD+SR; δp<0.05, vs SD+MIF. CTRL: control; SD: sleep deprived; 

SD+SR: sleep deprived and sleep recovery; SD+MIF: sleep deprived mifepristone treated; SD+SR+MIF: sleep deprived and sleep recovery 

mifepristone treated. 

 
Figure 3.  

Effect of Mifepristone on serum inflammatory markers. A: Interleukin-6 (IL-6) B: c reactive protein (CRP). n = 5 in all groups. αp < 0.05, vs 

CTRL; βp < 0.05, vs SD; γp < 0.05, vs SD+SR; δp<0.05, vs SD+MIF. CTRL: control; SD: sleep deprived; SD+SR: sleep deprived and sleep 

recovery; SD+MIF: sleep deprived mifepristone treated; SD+SR+MIF: sleep deprived and sleep recovery mifepristone treated. 
 

 

Serum Inflammatory Markers: The results of our study In 

Fig 2A showed a significant rise in the level of IL-6  (P<0.05) 

in SD compared to the CRTL. There was a significant 

reduction in the IL-6 level of SD+SR, SD+SR+MIF compared 

to SD, there was a significant increase in IL-6 level in 

SD+MIF compared to SD+SR, while SD+SR+MIF revealed a 

significant reduction of IL-6 level compared to SD+MIF. 

However, the results in Fig 2B showed a significant rise in the 

level of CRP (P<0.05) in SD compared to the CRTL. There 

was a significant reduction in the CRP levels of SD+SR, 

SD+SR+MIF compared to SD, while SD+SR+MIF revealed a 

significant reduction of CRP level compared to SD+MIF. 

 

DISCUSSION 

 
The results of the present study revealed the ability of 

mifepristone to ameliorate the imbalance between  the reactive 

oxygen species and production of antioxidant enzymes in the 

testis of sleep deprived male wistar rats while improving their 

testosterone profile. In this present study, cortisol levels are 

significantly raised in the SD group, this alludes to the fact that 

sleep deprivation is a biological stressor (Olayaki et al., 2015). 

One of the proposed mechanisms for the lowering of cortisol 

with mifepristone (RU 486) treatment is that the drug has a 

direct effect at decreasing rat adrenal 3 - hydroxysteroid 

dehydrogenase / isomerase, 21-hydroxylase, and 11-

hydroxylase production, which are all involved in 

glucocorticoid synthesis. Thus, by inhibiting these enzymes, a 

reduction in serum level of cortisol was observed (Albertson 

et al., 1994). Our findings are also consistent with other 

models of chronic stressed animals with glucocorticoid 

receptor blockade (Glavas et al., 2006). In the SD+SR group, 

the reduction in cortisol could be because during chronic 

stress, corticosterone levels are sustained via a positive feed-
forward loop and once the stress episode is over, systemic 

corticosterone and ACTH may be abnormally low (Dallman 

et al., 2005).  
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 Male rats exhibit marked hormonal alterations when 

subjected to paroxysmal sleep deprivation, with decreases in 

testosterone and estradiol concentrations, as well as increases 

in progesterone and glucocorticoid levels (Tufik et al., 2009). 

Furthermore, in the mechanism of stress-induced infertility, 

expression of glucocorticoid receptors (GRs) has been 

described in multiple cell types of the testis and expression is 

conserved across species (Zelena and Makara, 2015). 

 This current study revealed reduction in serum 

testosterone levels after SD. This agrees with the work of 

(Dong et al., 2004) (for mice), (Almeida et al., 2000; Manna 

et al., 2004) (for rats), and (Cote et al., 2013) (humans). 

Indeed, both endocrine and neuronal signals are important in 

the secretion of testosterone and they are significantly 

influenced by conditions such as chronic stress produced by 

sleep deprivation(Rajaratnam and Arendt, 2001; Román et al., 

2006). Furthermore, (El-Sayed et al., 2012; Gao et al., 2002)  

reported that it is possible that the chronic stress induced 

lowering of testosterone could be because there may be a 

centrally mediated inhibition of gonadotropin releasing 

hormone (GnRH) by glucocorticoids or that there is a 

glucocorticoid tissue resistance to testosterone which also 

decreases the sensitivity of leydig cells to Luteinizing 

hormone. Other possible mechanisms could be that the 

decreased testosterone levels associated with SD group may 
be in part due to serotonin-related inhibition of testosterone 

production (El-Sayed et al., 2012; Gao et al., 2002). 

Furthermore, both serotonin and serotonin receptors have 

been localized in Leydig cells isolated from the testes of 

golden hamsters and serotonin has also been demonstrated to 

inhibit testosterone production (Frungieri et al., 2002). In 

addition, (Honess and Marin, 2006; McEwen, 2007) reported 

that the decrease in testosterone level during sleep deprivation 

may be due to a   decrease in the blood flow to the testes during 

chronic stress in order to supply order vital organs. 

 According to (Whirledge and Cidlowski, 2010) high levels 

of glucocorticoids as seen in chronic stress suppresses 

testosterone and that the degree to which glucocorticoids 

inhibit Leydig cell function is determined by the amount of 

GR in the cell, the intracellular concentration of 

glucocorticoids, and the oxidative activity of 11β-

hydroxysteroid dehydrogenase (11β-HSD), an enzyme that 

catalyzes both oxidative and reductive reactions of 

glucocorticoids. In addition, cumulative in vivo and in vitro 

evidence equally support a role of 11 beta hydroxysteroid in 

reversing the suppression of testosterone biosynthesis by 

glucocorticoids (Monder et al., 1994). Lowered 11β-HSD 

oxidative activity increases glucocorticoid-dependent 

inhibition of testosterone production in Leydig cells. 

Interestingly, (Damayanthi et al., 2011) demonstrated that 

mifepristone treatment lowered 11β-HSD oxidative activity 

but increased testosterone levels in rats It can therefore be said 

that the increase in testosterone level in SD+MIF group might 

be by a direct receptor mediated effect. Furthermore, 

(Nirupama and Yajurvedi, 2015)  using  restraint stress and 

forced swimming exercise  reported that mifepristone treated 

stressed rats showed higher testicular 3β-HSDH activity and 

testosterone levels (As against significantly lower levels of 

both in untreated stressed rats) thereby suggesting a role of 

mifepristone in modulating enzymes involved in leydig cell 

steriodogenesis. 

 The results of cortisol and testosterone obtained in the 

SD+SR group may be due to the ability of the rats in recovery 

period to accommodate the HPA axis derangements that 

accompany sleep deprivation and allowing them to return to a 

normally functioning HPA axis during periods of sleep 

recovery (Nirupama and Yajurvedi, 2015). Similarly, it has 

been reported that there is a sleep dependent increase in 

testosterone that requires about 3 hours of slow wave sleep 

(El-Aziz and Mostafa, 2012; Leenaars et al., 2011). Of note in 

this study, the increase in testosterone in SD+SR group was 

higher than that of both SD+SR MIF and SD+MIF group. This 

difference though not significant might be due to the weak 

anti-androgenic activity demonstrated by mifepristone 

(Wittert, 2014). This is probably a reason why long term use 

of mifepristone should be discouraged.   

 The testis is extremely sensitive to oxidative stress because 

the membranes of the testis are very rich in polyunsaturated 

fatty acids and there is a resultant lipid peroxidation in the 

aftermath of oxidative stress on this organ (Kakade and 

Kulkarni, 2014) and this is presumed to be secondary to the 

elevation of glucocorticoid (Manna et al., 2003). 

Malondialdehyde (MDA) is formed as a result of lipid 

peroxidation and in this present study MDA was raised after 
sleep deprivation, antioxidants like glutathione (GSH) and 

catalase (CAT) were all reduced in the SD group. 

Accordingly,(Nirupama and Yajurvedi, 2015)  noticed a 

reduction in the level of CAT and GSH and an increase in 

MDA in rats exposed to forced swimming exercise and 

restraint stress, and also the subsequent significant reversal in 

the group treated with mifepristone. Therefore it could be said 

that the glucocorticoid receptor blockade action of 

mifepristone is responsible for the reduction in MDA levels 

and increase in CAT and GSH seen in the SD+MIF group.  

Furthermore, (Dalal et al., 2019) reported that mifepristone 

decreased cholesterol efflux, reactive oxygen species 

production and lipid peroxidation in sperm due to its 

antioxidant activity during cryopreservation. They also found 

that ferric reducing ability of mifepristone increases in a dose-

dependent manner further proving the antioxidant activity of 

mifepristone, in addition to its anti-glucocorticoid action. 

Additionally, mifepristone consists of a progesterone-like 

steroid ring with a non-steroid moiety named di-

methylaminophenyl and the antioxidant activity of 

mifepristone resides in the non-steroid moiety (Kumar et al., 

2017). In the sleep recovery group the significant reduction in 

MDA level and increase in level of CAT and GSH can be 

attributed to the reduction in high glucocorticoid level 

precipitated by sleep deprivation induced chronic stress and as 

such, sleep recovery restores or accentuates antioxidant level 

and leads to a decrease in free radical production.  These 

findings are in consonant with the study of (El-Aziz and 

Mostafa, 2012; Olayaki et al., 2015). 

 Exposure to severe stressors such as sleep deprivation may 

alter the interplay between inflammation and cortisol and 

contribute to negative health outcomes (Wolkow et al., 2015). 

Reports from different labs have confirmed pro-inflammation 

induced by stress, including C-reactive protein (CRP), 

interleukin 6  IL-6, TNFα, IL-1β and the transcription factor 
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of ‘‘nuclear factor kappa B (NF-κB)’’ (Miller et al., 2009). 

Our present study further reinforces these results because there 

was there was significant increase in the level of both IL-6 and 

CRP amongst the SD group. This maybe as a result of the fact 

that chronic stress may activate the sympathetic nervous 

system to release  norepinephrine  and neuropeptide Y and 

these two stress hormones promote the phosphorylation of 

mitogen-activated protein kinases (MAPKs) or high mobility 

group box-1 (HMGB1) release, therefore inducing systematic 

inflammation (IL-6, CRP). In addition, the β2-adrenergic 

receptor (β2-ARs) are expressed on multiple cell types 

involved in immune-regulation, including not only immune 

cells (Padro and Sanders, 2014; Theron et al., 2013), but also 

non-immune cells with a bystander role in the immune 

response (e.g., glia cells, fibroblasts, endothelial cells 

(Johnson, 2006; Mantyh et al., 1995).  Chronic stress-induced 

epinephrine binds to β2-ARs, and then results in the activation 

of p38 MAPK, which in turn enhances nuclear factor kappa B 

(NF-κB) DNA binding and cytokines and chemokines 

expression (Kolmus et al., 2015). 

 There is potential for glucocorticoid receptor antagonists 

to aggravate (Miech, 2005) and this is a major concern 

limiting the use of glucocorticoid receptor antagonists for the 

treatment of diabetes, depression, and other conditions. 

However, in this study, there was  no significant change in the 
SD+MIF group as earlier suggested by (Li et al., 2008) who 

examined the effect of mifepristone on mouse challenged with 

lipopolysaccharide this is probably because there are other 

mechanisms involved other than high levels of 

glucocorticoids. 

 Among the SD+SR group the significant reduction in 

inflammatory response we noticed  could be due to the gradual 

stabilization of the hypothalamic – pituitary gonadal axis with 

subsequent gradual increase in testosterone since its 

production starts rising during recovery in the first three hours 

of   slow wave sleep (Leenaars et al., 2011). Interestingly, 

existing literature suggests that testosterone may possess anti-

inflammatory effects (magnitude debatable) in-vivo based on 

findings that testosterone deficiency is associated with 

increased inflammatory cytokine levels and testosterone 

supplementation reduces inflammatory cytokines levels 

(Mohamad et al., 2019) So, in this study, it is poised that 

testosterone has a role to play in the reduction in inflammatory 

response in sleep recovery.  

 In conclusion, Mifepristone pre-treatment ameliorates 

testicular oxidative stress, improves testosterone profile  

caused by sleep deprivation induced chronic stress but had no 

significant effect on inflammatory markers both in sleep 

deprived and sleep recovery male Wistar rats. 
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