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Abstract: Several studies have demonstrated that depression include disruptions not only for mental 

human disorders but also their healthy living. Rodent-based behavioral tests and models are widely 

used to understand the mechanisms by which stress triggers anxiety-related behaviors. 

This present study examined the evidence of a chronic restraint stress (CRS) paradigm in male 

Wistar rats for the progressive nature of depression alongside with related changes in behavior and 

functions. The body weight was determined, and the behavior tests, including sucrose preference and 

the open field test were performed. Theses parameters confirme the presence of anxiety-like and de-

pression-like behaviors beside that we will focus on the response of ACTH and testosterone concen-

trations in rats. 

The results obtained during the experiment show that CRS led to decrease the time spent in the field 

center, a decrease of total distance travelled, in the stressed group compared with the control group. 

A significant increased of ACTH levels and decreased in testosterone hormone levels in the 
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CRS. According to these results the CRS rodent model has value to validating the development 

for depression. 
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1. Introduction  

Exposure to stress, especially at early ages, has been shown to be a determining factor in the 

appearance of depression and anxiety in humans [1]. Stress initiates a variety of physiological 

processes of the central and peripheral systems, typically leading to neuroendocrine responses, such 

as glucocorticoid (cortisol in humans and corticosterone in rodents) secretion, through the activation 

of the hypothalamic-pituitary-adrenal (HPA) axis [2]. As well, the release of corticosteroid and 

noradrenaline, which are caused by the activity of (HPA) axis and sympathetic nervous system (SNS), 

respectively, initiates a number of behavioral and physiological changes: irritable mood, loss of interest 

or pleasure, decreased energy and fatigue, low appetite or overeating, learning and memory [3,4].  

Moreover, glucocorticoids act on virtually all tissues to mobilize energy stores, enhance cognition, 

and increase cardiovascular activity, while suppressing immune, reproductive, and digestive functions [5,6]. 

Unfortunately, sustained glucocorticoid increases caused by chronic stress might have negative health 

repercussions. Although, for study the etiology of human reproductive system disease, the researcher 

will be able to identify the biological mechanism of depression on the reproductive responses detected 

in animals, models of depression. This is performed through exposing them to stressful situations. In 

rodent models of chronic stress, physical restraint, which is one of the most widely used methods of 

animal model stress exposure, performed by placing mice into restraint apparatuses has been for 

several minutes to several hours (in most cases, for 2–6 hours) each day for a number of weeks 

(typically 1–3 weeks) [7,8]. 

Several studies have been reported that CRS induced disturbance in reproductive functions, as 

well as induces suppression of testosterone secretion, libido and spermatogenesis in males [9]. 

Spermatogenesis is the key of sexual reproduction. It is straight forward to testicular physiology. 

This process depends on pituitary gonadotropins, follicle stimulant hormone (FSH) and luteinizing 

hormone (LH) as well as adequate testosterone hormone concentrations [10]. Evenly acute and chronic 

stress are effective to cause disturbance of male reproduction [11]. The hypothalamic-pituitary-gonadal 

(HPG) axis regulates reproduction. The two pituitary gonadotropins, luteinizing hormone (LH) and 

folliclestimulating hormone (FSH), are responsible for maintaining testicular testosterone (T) 

synthesis and spermatogenesis in males (FSH). The Leydig cells in the interstitial space are the LH 

target cells, while the Sertoli cells in the seminiferous tubules are the FSH target cells. LH stimulates 
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Leydig cell T production, and FSH stimulates in Sertoli cells, in synergy with T, the production of 

regulatory molecules and nutrients needed for the maintenance of spermatogenesis [12].In turn, the 

hypothalamus and pituitary gland could recognized the production of these hormones .Obviously, the 

principal regulator of the HPA axis, corticotrophin-releasing hormone (CRH) and its receptors are 

located in the ovaries, decidual endometrial stroma, placental trophoblast and even in the Leydig cells 

of the testis [13]. 

Hence, this current study was designed to examine the potential effects of chronic restraint stress 

on rat neurobehavior, besides the activity of the hypophysis-adrenal axis by determining the ACTH 

circulating levels and also the testosterone hormone levels to understand the fate of reproduction 

disability following HPA axis reactivity. 

2. Materials and methods 

2.1. Animals 

20 male Wistar rats (250–300 g body weight; 10–11week-old), were purchased from the Pasteur 

institute of Algiers. They were housed ten per cage, all animals had free access to food and water, 

except for the chronic restraint stress (CRS) technique and fasting before the sucrose preference test, 

they were maintained in under standard conditions in a temperature-controlled room (23 ± 2 °C) and 

at 12 h/12 h light/dark cycle. Prior to the experiment, animals were weighted and divided into two 

groups, as follows: (1) control, (2) CRS. Animals in the control group were reared in single cages 

without any environmental stresses unlike animals in CRS were restrained in well ventilated tubes. 

Behavioral tests were carried out at baseline and after the last restraint procedure. Obviously, we are 

using the sucrose preference and open field tests as behaviors related to depression or anxiety in rats.  

2.2. Chronic restraint stress procedure 

The CRS was carried out as previously described [14] with minor modifications. Briefly, during 

the CRS paradigm, stressed rats were transported from the colony room to a quiet room and restrained. 

They were exposed for one time/day for 14 days at random hours, to avoid habituation. In brief, 

animals were placed in a transparent cylindrical restrainer (5 × 19 cm) with a nose-hole for ventilation, 

in which it is unable to move, for 2.5 h a day for 14 consecutive days [15]. Rat in the control group 

were left undisturbed in their home cages except when measuring body weight and SPT. Only in the 

last week, after each session of restraint stress, rats were subjected to OFT for 5 min. The body weight 

was determined throughout the experiment. The experimental design is depicted in (Figure1).  

This current study followed the guidelines of ethics on the animals used in experiments. 
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Figure 1. Schematic representation of the experimental design; the CRS stress protocol 

will be performed for 14 days. 

 

2.3. Body weight measurement 

Rats’ body weight was measured at the start of the experiment, and again after the last session of 

stress exposure.  

2.4. Behavioral testing 

2.4.1. Anhedonia (sucrose preference test) 

Anhedonia, is losing of interest in things were once pleasurable, it can be assessed by means of 

the sucrose preference test. Rats’ animal experimentation model is based on the preference nature of 

water with sucrose dissolved in it over regular water [16,17]. Wherein the preference pattern of sucrose 

solutions concentrations at 1% [18]. When a rodent shows a lack of interest in the sucrose solution, it 

is said to be exhibiting anhedonia which is a classic component of depressive disorders [19]. Sucrose 

preference was calculated as follows: succrose preference percentage (sucrose consumed/sucrose+ 

water consumed, %), to control for potential bias due to fluid intake. 

2.4.2. Open field test (OFT) 

It’s often used to assay general locomotor activity levels, anxiety and exploration. The open field 

apparatus (70 × 70 × 40 cm) was fabricated from white acrylic with a floor divided into 9 squares (10 × 

10 cm each) by black lines. In OFT, the rodent is placed in a large circular or square enclosure and 

allowed to move ad-libitum [20].  

The total distance traveled (cm), as well as frequency of entering the center were recorded for 
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5 min using video camera [21]. A non-anxious rodent will explore the center of the arena more than an 

anxious one, which will stick to the walls or only stay in the corner [22].  

2.5. Biochemical assays: 

At the end of the experimental procedure (14 days), after the last restraint stress session was 

completed, blood samples of all animals were taken from jugular vein, and were collected in 

heparinized tube and in tube containing EDTA, then centrifuged with 5000 tr/min during 15 mn, the 

plasma separated kept at –20 ºC till needed for analysis. The testosterone concentration was measured 

as previously described by the conventional ELISA method [23]. ACTH concentration calculated 

following the protocol provided by the manufacturer of the kit. 

2.6. Statistical analysis 

All results are expressed as mean ± standard error of the mean (SEM). Data and interactions were 

evaluated by one-way analysis of variance ANOVA was performed for multiple comparisons followed 

by student T for paired data. Analysis test was used for analysis of changes in body weight, on the 

number of behavioral measures of the test battery, ACTH and testosterone hormone level. p < 0.05 

was required for results to be considered statistically significant. All analysis was performed using 

statistic Minitab version 16.0. The level of probability was set at (p < 0.05) as statistically significant.  

3. Results 

3.1. Body weight 

As shown in Figure 2, one way analysis of variance (ANOVA) of body weight revealed significant 

differences between the stress group and the control one. After 14 days of CRS procedure (Figure 2), 

rats in the CRS group had significant decreased body weight change after exposure (292.5 ± 5.2 versus 

267.0 ± 4.7 g), (F = 4.37, p = 0.010) as compared to control group rats. 
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Figure 2. The effect of CRS on body weight. Body weight measured during CRS exposure. 

The results are expressed as the mean ± SEM (n = 10 per group). *p < 0.05; **p < 0.01, 

*** p < 0.001. 

3.2. Anhedonia (sucrose preference test) 

The SPT were performed to assess depressive-like behavioral changes. Following 14 days of CRS 

exposure (Figure 3), rats in the CRS group showed decreased sucrose consumption (%) as compared 

to the control group (39.7 ± 0.94 versus 34.10 ± 1.2), (p = 0.002). 
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Figure 3. The effect of CRS on rat in the SPT. The results are expressed as the mean ± 

SEM (n = 10 per group). *p < 0.05; **p < 0.01, *** p < 0.001. 

3.3. Open field test 

The OFT test, were performed to assess anxiety-like behavioral changes in rat after CRS. In this 

test, we assessed the effect of chronic restraint stress on the frequency of entering the center and the 

total distance traveled by rat. As shown in Fig. 4A, CRS reduced the frequency of entering the center 

(8.3 ± 0.60 versus 6.0 ± 0.77), (F = 5.53, p = 0.03). A significant decrease of the total distance traveled 

by rat was observed on the stressed group compared to control (1166 ± 135 versus 497 ± 87) (F = 17,06, 

p = 0.001) (Figure 4B). 

 

Figure 4. Effect of CRS on rat in the OFT. A, Frequency of entering the center. B, The 

total distance. The results are expressed as the mean ± SEM (n = 10 per group). *p < 0.05; 

**p < 0.01, *** p < 0.001. 

 

 

3.4. ACTH and testosterone level 

As shown in Figure 5A, chronic restraint stress caused significant increase of ACTH level on the 

stressed group compared to control (226.9 ± 18 versus 176.6 ± 12) (F = 5.27, p = 0.034). A significant 

decrease in testosterone level as compared with the control (0.78 ± 0.12 versus 0.24 ± 0.045), (F =5.53, 

p = 0.002). (Figure 5B). 
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Figure 5. Effect of 2.50 h of restraint stress on ACTH and testosterone level. Data from 

stressed and control rats (n = 10 per group) are expressed as the mean ± SEM. 

4. Discussion 

Animal models are an invaluable instrument for studying aetiology, progress and treatment of 

depression in a controlled environment. Regarding focus to physical stress effects of on male 

reproductive health, evidently it is an attractive and valuable field for study. Restricting the free 

movement of an animal like restraint stress is a method used to induce physiological responses as well 

as that is primarily a psychological stressor. 

The popularity of this stressor method is due to its simplicity, relatively less time, cost and 

technical requirements. The researchers aimed to provide a clear understanding of the neural 

mechanisms underlying their etiology. That’s why, they have been tailored different parametric 

manipulation of restraint stress model, such as duration of restraint, number of restraint sessions, time 

between restraint sessions, and water intake prior to restraint [24]. 

This study evaluated the validity of 2.5 h durations of CRS in rodent models by analyzing effects 

on anhedonic-like and masculine sexual behavior. After undergoing CRS for at least 14 days, animals 

showing a decreased responsiveness to sucrose consumption in the stressed group compared to the 

control one. Rodents naturally avidly consume drink sweet liquids when given a free choice of two 

bottles with separate access to sucrose solution and regular water [25,26]. 

Similarly, anxiolytic like behavior was correlated with the loss of interesting behavior during SPT 

in our rats. CRS may induce abnormal behavioral responses in animals as a result of disrupting within 

the hypothalamic pituitary-adrenal (HPA) axis and suppress the production of new neurons in the 

hippocampus [27]. Besides that, damage or atrophy to hippocampal CA3 pyramidal cells contributed 

to this type of stress [28]. A comparative study demonstrated that increasingly severe movement 

restrictions led to greater behavioral stress responses (29). Although, our data showed that rat exposed 

to CRS developed anxiety-like behavior. A decreased frequency of entering the center, as well as the 
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total distance traveled in the OFT were shown to be consistent with prior investigations [30,31]. That 

may be due to poorer adaption to new environment and increased anxiety- like behaviors rather than 

impaired physical ability. Thus, an exploratory behavior of rat in new environments, adaptation to the 

environment and anxiety are more often observed in the first 5 min of the OFT; animals with poor 

adaptability have notable decrease in the total distance they traveled [32,33].  

Taken together, the findings in the present experiment demonstrated that CRS led to reduced body 

weight in stress group compared to control in consistent with previous studies [34]. Furthermore, many 

studies focused on the impact of stress or various stressors on testicular hormone production [35,36]. 

In This current study, chronic restraint stress showed significant decrease in plasma level of 

testosterone, and it has been reported that chronic restraint stress induces to rats a decrease of 

testosterone responses and a significant anxiety disorder [37]. Consistently, human studies have shown 

that anhedonia symptoms are associated with under low plasma testosterone levels, in patients with 

depression [38,39]. Meanwhile, similar studies have investigated whether stress induced weight loss 

in rat, chronic restraint stress played a negative effect on testosterone hormone level [40]. 

To further elucidate the reasons for the reduction in testosterone, previous studies indicated that 

stress-induced suppression of the hypothalamic-pituitary-gonad (HPG) axis could be mediated by CRF 

and endogenous opioids, particularly-endorphins, which have been shown to be released from the 

hypothalamus in response to stress [41]. It is assumed that, CRF and -endorphins have been shown to 

inhibit LH-RH release from the hypothalamus, LH release from the pituitary, and testosterone 

synthesis directly in Leydig cells, all of which have effects on the HPG axis. Thus, decreasing 

testosterone levels in the blood circulation [42]. 

Morever, in our study, plasma ACTH levels were increased by repeated restraint stress. Thus, 

we suggest that the increased ACTH circulating levels after restraint stress could be due to a 

continuous stress state. This increased might affect discrepancies in body weight and induced 

important changes in behavioral responses in a direct or indirect manner. The increased pattern of 

ACTH circulating levels may affect the testosterone levels.  

Furthermore, the precise mechanism by which stress affects HPA axis as well as HPG axis is 

not well understood. This antagonistic relationship between both these axes has been proposed to 

underlie the inhibition of reproductive function due to stress. 

Some studies has a correlation between the levels of testosterone and corticosterone in rat [43]. 

Regardless, in this study, we evaluated the effects of CRS 2.50 h for 14 days on neurobehavior that are 

accompanied by changes in ACTH and testosterone levels. 

There was big heterogeneity between studies on the effects of the CRS protocol, especially the 

low testosterone level, as a result of many agents, including the animal strains, animal sex, CRS 

protocol and SPT protocols (e.g., water and food deprivation period, sucrose concentrations, and test 

period). As well as, circadian rhythm and restraint placement are important factors in CRS protocols 

https://www.sciencedirect.com/topics/psychology/corticosterone
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that should not be taken in consideration. 

 

 

5. Conclusions 

As an advantage of our approach, we were able to triplicate findings of increased ACTH 

circulating, decreased testosterone levels and maladaptive behaviors among altered neural activity, as 

an addressing key of challenges in HPG axis. Despite an abundance of experimental and clinical data, 

the exact pathway between stress-induced hyperactivation of the HPA axis and corresponding 

attenuation of the HPG axis remains unknown. 
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