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RESUMO 

 

 

Estresse pode ser definido como qualquer estímulo que representa uma ameaça real ou 

virtual a homeostase. Quando o estresse se torna crônico, há uma sobrecarga alostática 

com consequências patológicas. O objetivo deste estudo foi caracterizar 

comportalmente, bioquimicamente e farmacológicamente um novo modelo de estresse 

crônico, baseado na restrição de movimentos com duração variável (2, 4 ou 6 h, em um 

cronograma imprevisível) por for 3 semanas.Peso corporal, peso relativo da glândula 

adrenal, níveis de corticoterona plasmática, citocinas cerebrais, sinaptofisina, serotonina 

e dopamina, comportamento do tipo ansioso (supressão alimentar pela novidade, 

labirinto em cruz elevado, e campo aberto), comportamento motivado (contraste negativo 

de sacarose e teste do nado forçado) e comportamento social (investigação social e 

interação social) foram avaliados após o protocolo de estresse crônico. A influência 

destes neurotransmissores no comportamento social foi também avaliada através da 

administração aguda de diazepam, haloperidol e escitalopram. Animais estressados 

mostraram menor ganho de peso corporal, maior peso relativo das glândulas adrenais, 

niveis de citocinas hipocampais mais elevados, menores níveis de serotonina no 

hipocampo, maiores níveis de dopamina e rotatividade de serotonina na amigdala, 

supressão reduzida da solução de sacarose com baixa concentração e aumento da 

imobilidade no teste do nado forçado, comportamento do tipo ansioso no contexto social 

e maior agressividade. Tratamento agudo com escitalopram melhorou as mudanças no 

comportamento social. Nós propomos i uso deste modelo como uma ferramenta para o 

estudo das alterações induzidas pelo estresse crônico e possíveis tratamentos para 

comportamentos indzidos pelo estresse crônico. 

 

 

Palavras-chaves: estresse crônico, restrição de movimento, citocinas, hipocampo, 

amigdala, serotonina, dopamina, comportamento do tipo depressivo, comportamento do 

tipo ansioso, comportamento social 
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ABSTRACT 

 

 

Stress can be defined as any stimulus that represents a real or virtual threat to 

homeostasis. When stress becomes chronic, there is an allostatic overload with 

pathological consequences. The main goal of this study was to characterize behaviorally, 

biochemically and pharmacologically a new model of chronic stress, based on movement 

restraint with variable duration (2, 4 or 6 h, in an unpredictable schedule) for 3 weeks. 

Body weight, relative weight of the adrenal glands, plasma corticosterone, brain 

cytokines, synaptophysin, serotonin and dopamine levels, anxiety-like (novelty 

suppressed feeding, elevated plus maze and open field test) motivated (sucrose negative 

contrast test and forced swimming test) and social behaviors (social investigation and 

social interaction) were assessed after the chronic protocol. The influence of these 

neurotransmitters on social behavior was also evaluated through the acute 

administration of diazepam, haloperidol and escitalopram. Stressed animals showed 

lower body weight gain, higher relative weight of the adrenal gland, higher levels of 

hippocampal cytokines, lower hippocampal serotoin levels, higher dopamine and 

serotonin turnover levels in the amygdala, reduced suppression of low concentration 

sucrose solution and increased immobility in the forced swim test, anxiety-like behavior in 

social context and higher aggressiveness. Acute treatment with escitalopram improved 

social behavior changes. We propose the use of this model as a tool for the study of 

changes induced by chronic stress and possible treatments for chronic-stress induced 

behaviors. 

 

 

Keywords: chronic stress, movement restraint, cytokines, hippocampus, amygdala, 

serotonin, dopamine, depressive-like behavior, anxiety-like behavior, social behavior 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 1 



2 
 

 

1. INTRODUCTION 

 

1.1 Stress 

Stress can be defined as any stimulus from internal or external environment that 

threatens in a real or imaginary way the body's equilibrium, that is, its 

homeostasis(Mastorakos and Pavlatou, 2005; McEwen, 2006; Hegab and Wei, 2014; 

Roy et al., 2014). Stress may be classified in two ways: eustress (it is positive, it provokes 

excitement, motivation) or distress (it is negative, it causes anxiety, poor performance; 

Roy et al., 2014). Stress causes a specific physiological, hormonal and behavioral 

response to deal with pertubation of homeostasis. This response occurs in biological 

(autonomic and neuroendocrine changes), psychological (emotional and cognitive) and 

behavioral (fight or flight) levels (Bali and Jaggi, 2014). 

Central nervous system (CNS) is one of the main targets affected by stress 

(McEwen et al., 2012; McEwen, et al., 2015). Once the stressor stimulus is perceived, the 

CSN undergoes an active process of adaptation called alostase (McEwen et al., 2015; 

Ogłodek et al., 2014). The CNS exposure to several factors (mediators) for this adaptation 

to occur is known as allostatic load (McEwen et al., 2015), which generates a necessary 

physiological response (García-Bueno and Leza, 2008). 

Alostase generally reaches three additional main communication systems, the 

autonomous nervous system (ANS), the neuroendocrine system and the immune system. 

The CNS controls muscle activity and response to sensory information. The ANS prepares 

the body to respond to situations known as fight or flight (acceleration of heart and 

respiratory rate, increased metabolism, redirection of blood flow to the brain, heart and 

muscles). The neuroendocrine system signals to the other systems the need to adapt to 

internal functioning of the organism. The immune system protects the body from invading 

pathogens and injuries (Anisman and Matheson, 2005; Hegab and Wei, 2014; Ogłodek et 

al., 2014; McEwen et al., 2015). 

The main involved axis is the hypothalamus-pituitary-adrenal (HPA). When 

activated by real or potential stress situations, it releases hormones that circulate trough 

the bloodstream and stimulates the release of other hormones that affect the functioning 

of the organism (de Kloet et al., 2005; Mastorakos and Pavlatou, 2005; Joëls et al., 

2012; McEwen et al., 2015). 

Parvocellular neurons located in the paraventricular nuclei of the hypothalamus 

synthesize and release corticotrophin releasing hormone (CRH) and vasopressin in the 
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portal system of the pituitary gland (hypophysis), through its axons in the median 

eminence (Black, 2002; de Kloet et al., 2005; McEwen, 2006; Joëls et al., 2012; Hegab 

and Wei, 2014; Ogłodek et al., 2014). CRH secretion is regulated by afferents of centers 

overlapped by circadian cycle effects, stress and negative glucocorticoid feedback. This 

hormone and its receptors are also found in several extrahypothalamic areas, as part of 

the limbic system, simpathetic system, locus coerulus (LC) (sends noradrenergic 

projections to the paraventricular nucleus of the hypothalamus) and spinal cord 

(Mastorakos and Pavlatou, 2005; Ogłodek et al., 2014). 

Vasopressin is also a modulator of pituitary adrenocorticotropic hormone (ACTH) 

secretion. In addition to having a role in preserving body fluids and controling plasma 

osmolality, it also acts sinergistically with CRH during stress (Mastorakos and Pavlatou, 

2005; Ogłodek et al., 2014). 

The pituitary, in turn, releases ACTH in a paracrine and autocrine ways. The major 

target of ACTH is the adrenal cortex, especially the fasciculata zone that synthesizes and 

release glucocorticoids (cortisol in humans or corticoterone - CORT - in rodents; 

Mastorakos and Pavlatou, 2005; Hegab and Wei, 2014; Ogłodek et al, 2014). In the long 

term, ACTH stimulates mitochondrial gene transcription, likely to increase the body's 

energy supply needed for the adaptation in response to the stressor (Hegab and Wei, 

2014). 

Glucocorticoids are so called because they play a role in the release of glucose 

during energy production for the physical and emotional combat to stress, fever, 

diseases, and injuries among others. They signal the liver the need to release stored 

glucose, and collect protein and lipids from muscles and bloodstream to transform into 

glucose. That is, they act in the mobilization of substrates for the generation of energy, in 

order to supply the main active organs in the fight against stress (Hegab and Wei, 2014). 

Besides these peripheral effects, glucocorticoids play a negative feedback in CRH and 

ACTH and their own release (Mastorakos and Pavlatou, 2005; Hegab and Wei, 2014). 

During stress, the activation of sympathetic preganglionic neurons occurs with the 

subsequent release of adrenaline (Black, 2002; Kloet et al., 2005; Mastorakos and 

Pavlatou, 2005; McEwen 2006; Joëls et al., 2012). In summary, in an attempt to promote 

adaptation to stressful or environment stimuli, the hypothalamus stimulates adrenal 

glands to relase the glucocorticoids and catecholamines into the bloodstream. Cortisol 

levels vary during the day, being associated with the sleep-wake cycle. Together with 
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adrenaline, these hormones facilitates the circulation of immune cells (McEwen, 2012; 

McEwen et al., 2015). 

The immune system can be activated both peripherically and centrally in response 

to stress. The peripheral activation of the immune system can stimulate microglia (cell 

responsible for the CNS immune response) via primary autonomic afferents (vagus 

nerve), by the active transport of pro-inflammatory cytokines and chemokines through the 

blood-brain barrier or periventricular organs, or by signaling epithelial cells of the blood-

brain barrier (Depino, 2017). The microglia also has glucocorticoids receptors being the 

target of these hormones during stress (Sierra et al., 2014). This cell type can be 

activated in several brain areas, such as hipothalamus, hippocampus, substantia nigra 

and periaqueductal gray matter (Réus et al., 2015). 

There also is a parallel adjustment of the central components of the stress system 

by the excitatory or inhibitory neurotransmitters and neuromodulators. For example, 

serotonergic and cholinergic system as well as neuropeptide Y stimulate CRH, 

vasopressin and noradrenergic neurons, whereas gamma (y)-aminobutyric acid (GABA), 

benzodiazepone system and opioids are inhibitory. Substance P inhibits the hypothalamic 

CRH-producing neurons, but not the vasopressin-producing neurons and stimulate the 

noradrenergic system (Mastorakos and Pavlatou, 2005). 

Some authors propose a categorization of stress, suggesting that the CNS 

discriminates two main types: physical stress (which produces physiological changes, for 

example hemorrhage or infection) and psychological stress (a threat or a stimulus that 

causes the individual to be in a state of anticipation, such as social confict, 

environmental aversion; Roy et al., 2014). Dayas and colleagues (2001) compared these 

two categories of stress by studying c-Fos labeling in amygdala. They showed that 

animals udergoing physical stress showed more labeling in the central nucleus and 

recruited rostrally medullary noradrenergic compares to psychological stress, which in 

turn activated the medial nuclei of the amygdala (Dayas et al., 2001). 

When the threat to the equilibrium of the organism becomes chronic, the 

perceived demand by the individual exceeds their abilities to handle the situation 

(Anisman and Matheson, 2005; Bali and Jaggi, 2014). Thus, when stress becomes 

chronic there is an allostatic overload with pathological consequences (McEwen, 2006; 

García-Bueno and Leza, 2008; Roy et al., 2014; McEwen et al., 2015). That is, when 

stress is persistent, the initial adaptive responses convert into poor adaptation of the 
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organism (Anisman and Matheson, 2005; Bali and Jaggi, 2014; Ogłodek et al., 2014; Roy 

et al., 2014). 

Therefore, stress is a major risk factor for psychiatric and behavioral disorders, 

such as anxiety disorders, depression, dementia among others (Haller et al., 2005; Lowry 

et al., 2005; Steimer, 2011; Bali and Jaggi, 2014). Thus, animal models of stress are 

essential for the study of these pathophysiological changes and for the development of 

new treatments, since these alterations resemble animals and humans (Bali and Jaggi, 

2014). 

 

1.2. Chronic stress 

To maintain its equilibrium, the organism is constantly promoting responses as a 

result of external or internal stimuli. As these stimuli extend, they overload the organism 

and these responses become pathological (Haller et al., 2005; Lowry et al., 2005; 

Steimer, 2011). Chronic stress induces changes in the concentrations of 

neurotransmitters, the nmber and function of receptors, cytokines, chemokines and 

enzimatic activity, among others, leading to changes in the dynamic of neuronal 

processes that may generate behavioral disturbances (Franceschelli et al., 2014). 

 

1.2.1. Brain areas affected by chronic stress 

Several areas of the CNS are associated with stress-induced alterations, such as 

HPA axis, prefrontal cortex (PFC), hippocampus and amygdala, among others (Leuner and 

Shors, 2013). The mammal PFC, including that of rodents, has complex functions and is 

involved in working memory, attention, cognition, emotion and executive control 

(Morgane et al., 2005). It can be divided in medial and lateral/orbital regions (emotional 

interpretation as a consequence of sensory information of expectations, rewards and 

punishments). The medial PFC, which is related to the monitoring of one's own, is 

subdivided in infralimbic and prelimbic regions (Morgane et al., 2005; Rudebeck et al., 

2008; Hamilton and Brigman, 2015). The orbital PFC is subdivided in medial, ventral and 

lateral regions (Rudebeck et al., 2008; Hamilton and Brigman, 2015). The oribtal PFC 

and the anterior cingulate cortex (ACC) are connected with structures responsible for 

emotional reinforcement, such as amygdala and ventral striatum. The orbital PFC 

receives informations from all sensory areas. Injury to the orbital PFC in rats leads to 

increased aggressiveness, decreased anxiety-like behavior, delayed decison making and 
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deficits in coding a reward (Rudebeck et al., 2008). The ACC balances conflicting 

information during decision making (Lowry et al., 2005). 

The hippocampus plays an inhibitory role in the regulation of HPA axis through 

multisynaptic projections from the subiculum to the paraventricular nucleus of the 

hypothalamus (Willner, 2016b). It is a crucial structure in mechanisms of and the 

contextual appraisal of risk assessment (Lowry et al., 2005). 

The amygdala is involved in several emotional processes. Its central nucleus 

sends projections to the hypothalamus, midbrain reticular formation and other brainstem 

areas that regulate the autonomic behaviors. It also modulates regions that control 

neuroendocrine resposnses. The basolateral amygdala presents a reciprocal relationship 

with the sensory neocortex and frontal lobes, projects to the striatum and PFC, 

influencing complex behaviors. The lateral amygdala seems to be involved in determining 

a value to positive and negative behavioral results, that is, based on aspects of "liking" or 

"disliking", it modulates the intentional voluntary behavior of the individual, being involved 

in emotional learning (Lowry et al., 2005; Morgane et al., 2005). 

The bed nucleus of the stria terminalis (BNST) is part of the emotional motor 

system, that is, it is involved in resposes to diffuse aversive signals. The nucleus 

accumbens (NAc) is responsible for motivated and goal-directed behaviors. It is believed 

that these behaviors are regulated by glutamatergic projections from the medial PFC, 

amygdala and hippocampus. Through projections from the NAc to the ventral pallidum, 

the former structure has been suggested to intermediate the function of limbic and motor 

systems. The PFC has an inhibitory fuction on search and reward behavior (Morgane et 

al., 2005). 

The raphe nuclei are largely divided, but the main nuclei involved in stress 

response are the dorsal and median, which project in a differently way. The dorsal raphe 

nucleus has fine fibers with small varicosities, and the median raphe nucleus has beaded 

axons with large varicosities. The dorsal raphe nucleus has serotonergic interconnections 

with the medial PFC, which plays an important role in the control of complex functions, 

such as learning, memory, regulation of the vigilance state during the sleep-wake cycle 

(Morgane et al., 2005). The median raphe suppresses theta rhythm in the hippocampus. 

The GABA participates in the modulation of the ascending serotonergic system involved in 

the regulation of the waking state and in the exchange between theta and non-theta 

states of the hippocampus (Morgane et al., 2005). The serotonergic and dopaminergic 

pathways are showed in Figure 1. 
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1.2.2. Neurobiological changes 

In response to chronic stress there is a prolonged increase in the concentration of 

glucocorticoids, ACH and CRH, which causes an increase in amygdala activity and a 

decrease in hippocampus activity. This in turn induces an interruption of the 

glucocorticoid negative feedback mechanism, further increasing its release, which leads 

to a decrease in the number and sensitivity of its receptors (Suri and Vaidya, 2013; 

Ogłodek et al., 2014). Glucocorticoids have two types of receptors: mineraloreceptors 

(MR) and glucoreceptors (GR). MR have higher affinity than GR in limbic regions. 

However, in response to chronic stress, elevated glucocorticoids recruit GR that lead to 

structural changes that alter the functioning of several areas of the CNS (Suri and Vaidya, 

2013). 

 

1.2.2.1. Neuroinflammation 

Inflammation is a physiological response to a tissue injury or pathogenic 

processes. It is characterized by increased immune cells and the release of pro-

inflammatory mediators. In short-term, the inflammatory process reestablishes the 

biological functions of the injured site. When inflammation remains for prolonged periods, 

however, it may aggravate tissue damage and worsen disease progression (Reader et al., 

2015). 

Under physiological conditions, the presence of catecholamines facilitates the 

production of pro-inflammatory mediators, while glucocorticoids inhibit their production 

(McEwen, 2006, 2007; García-Bueno and Leza, 2008). However, when these hormones 

are released for a long period of time, the immune system responds both systematically 

and centrally, producing neuroinflammation (García-Bueno and Leza, 2008; Kubera et al., 

2011; Calcia et al., 2016). This contributes to an increase in glutamate release and 

neuronal loss (Black, 2002; García-Bueno and Lea, 2008). 
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Source: own authorship 

Figure 1 - Neurotransmitter pathways involved in stress response. A - Serotonergic 
pathway; B - Dopaminergic pathway. RN - raphe nuclei; PFC - prefrontal cortex; AMY - 
amygdala; HP - hippocampus; NAc - nucleus accumbens; VTA - ventral tegmentar area. 
 
 

The CNS is composed of different neurons and glial cells, which in turn is 

subdivided into astrocytes, oligodendrocytes and microglia. Astrocytes maintain the CNS 

homestasis and, under normal conditions, support the neurons. Oligodendrocytes 

participate in the formation of the myelin sheath of the central axons (Kopitar-Jerala, 

B 

A 
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2015). Microglia is considered the cell of immune system residing in the CNS (Delpech et 

al., 2015; Wohleb et al., 2015; Calcia et al., 2016). 

Microlgia was described in 1919 by the Pío del Río Hortega and Santiago Ramón y 

Cajal (Sierra et al., 2014; Egea et al., 2015). It represents about 5 to 10% of the total cell 

count in the CNS (Müller, 2014; Kopitar-Jerala, 2015; Wohleb et al., 2015; Frost and 

Schafer, 2016). It responds to variations of the neural environment (Sierra et al., 2014), 

similar to macrophages at the systemic level (Wohleb et al., 2015; Calcia et al., 2016). 

These cells also help removing apoptotic neurons, pruning of synapses, phagocyting 

excess proteins, regulating neurotransmitter levels, directly support neuronal survival, 

neurogenesis and oligodendrogenesis during development (McEwen et al., 2015; Wohleb 

et al., 2015; Calcia et al., 2016; Tay et al., 2017). 

The erythromyeloid progenitor cells of the yolk sac are the cells that give rise to the 

microglia. They reach the CNS through the leptomeninges and lateral ventricles with 

approximately 9.5 days of intrauterine life in rats and approximately 4.5 gestational 

weeks in humans (Frost and Schafer, 2016; Tay et al., 2016; Tay et al., 2017). The 

number of microglial cells is elevated up to fourteenth postnatal day in rats, followed by a 

decrease of at least half due to a simultaneous decrease in their proliferation and 

increase in apoptosis. They are the most dynamic cells in the embryonic and juvenile 

brain (Tay et al., 2016; Tay et al., 2017). 

In healthy conditions, microglia has branched morphology with long and thin 

processes that allow its movement in the cerebral tissue (Calcia et al., 2016). As with 

peripheral macropahges, microlgial cells express usual markers such as fractalkine 

receptor (CX3CR1), integrin CD11b, F4/80 and CD68 surface glycoproteins, ionized 

calcium binding adapter melecule 1 (IBA1) and pan-hematopoietic CD45 (Tay et al., 

2017). 

During CNS development, the microlgia participates in the formation of axonal 

tracts, the immersion of the dendritic spines and/or fragments and axonal terminal. The 

microglia uses phagocytosis to organize synapses during postnatal development, in 

adolescence, in adulthood and during aging in several brain areas such as cortex, 

thalamus and hippocampus. Thus, the microlgia participates in synaptic plasticity during 

all stages of life (Tay et al., 2017). 

During aging, microglial cells are disrtophic, called "dark" micróglia and usually 

located in the cerebral cortex, hippocampus, amygdala and hypothalamus. These 

microglia present several signs of oxidative stress, such as condensed cytoplasm and 



10 
 

 

nucleoplasm (mitochondrial aspect), mitochondrial perturbation and dilation of the 

endoplasmic reticulum. They may be hyperactivated to adequately respond to altered 

external stimuli. Their priming (response to a secondary stressor) presents an 

exaggerated inflammatory response, leading to the acceleration of cellular aging, 

potentiation of oxidative stress and neuroinflammation (Tay et al., 2017). 

Microglia may be activated by primary autonomic afferents (vagal nerve), the 

active transport of proinflammatory cytokines and/or chemokines through the blood-brain 

barrier or paraventricular organs or by blood-brain barrier epithelial cells signaling 

(Hoogland et al., 2005; Depino, 2017). Another way to activate the microglia is through 

neurotransmitter receptors. Glutamate modulates the release of tumor necrosis factor 

alpha (TNF-α), GABA modulates the release of interleukins 2 and 6, while adrenergic, 

dopaminergic and cholinergic receptors exhibit anti-inflammatory effects (Hoogland et al., 

2015). 

Microglia communicate bidirectionally with neurons through a protein called 

fractalkine (CX3C; Réus et al., 2015). These cells also present glucocorticoids receptors, 

being considered a target when the concentration of these hormones increase in the CNS 

(Sierra et al., 2014). Thus, neuronal plastic modifications due to stress are perceived by 

micróglia, which become activated in various brain regions (Réus et al., 2015). 

When activated by a stressor event, micrólgia undergo morphological changes. 

Their body increase and their processes retract, giving them an ameboid aspect (Calcia et 

al., 2016), denominated phenotypes M1 and M2 (Hoogland et al., 2015). When modified 

to the M1 phenotype, microglia produce proinflammatory mediators and act as 

neurotoxic cells. When presenting the M2 phenotype, micróglia induce remodeling and 

tissue repair (Hoogland et al., 2015). This phenotype is divided into three different types: 

M2a - associated with the production of anti-inflammatory cytokines and trophic factors; 

M2b - a combination of M1 and M2a; M2c -  associated with phagocytosis and 

suppression of the innate immune system (Brites and Fernandes, 2015). 

The M1 phenotype is induced by molecular patterns associated with the pathogen, 

protein released by damaged neurons, or adenosine triphosphate (ATP) released by 

astrocytes in response to neuronal injury. On the other hand, the M2 phenotype is 

activated by apoptotic cells, through specific receptors of myeloid cells or by anti-

inflammatory cytokines as interleukins 3 and 4 (Hoogland et al., 2015). These changes 

occur mainly in regions such as the PFC, hippocampus (CA3 and dentate gyrus), 
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amygdala and hypothalamus because they have a greater expression of glucocorticoid 

receptors (Wohleb et al., 2015; Calcia et al., 2016). 

In addition to alterations in morphology, there is an increase in the number of 

microglial cells due to their proliferation and recruitment of peripheral monocytes (Calcia 

et al., 2016). Also important is the release of inflammatory mediators, such as 

prostaglandins, cytokines and chemokines (Wohleb et al., 2015), which can also 

potentiate the responses of the HPA axis after stress by releasing of interleukin 1β in the 

hypothalamus (Wohleb et al., 2015). This interleukin is the most commonly used marker 

for active microglia (Calcia et al., 2016). 

Thus, changes in microglial function may lead to neurobiological responses 

associated with mental disorders, such as depression, which can be interpreted as a poor 

adaptation to stress (Wohleb et al., 2015). For example, the activation of M1-like 

phenotype seems to induce changes in PFC and amygdala that are associated with mood 

disorders (Nakagawa and Chiba, 2015). 

Activated microlgial cells were observed in post-suicide human tissue (Steiner et 

al., 2008). Some stimuli related to depression also trigger microglial activation via central 

and peripheral inflammatory responses to stress mediated by increased HPA axis action, 

neuronal activity, the suppression of neurogenesis and neuroplasticity; its continued 

activation may contribute to its own decline, since expoure to stress generates a vicious 

cycle in which neuroinflammation is its main effect (Brites and Fernandes, 2015). 

One of the mechanisms responsible for some of these effects is the release of 

cytokines and chemokines in the bloodstream, triggering a cascade of central and 

peripheral responses, complementing the action of the microglia (de Kloet et al., 2005; 

McEwen, 2012b). Cytokines are small proteins that signal and mediate, through specific 

receptors, the inflammatory response, its intensity and duration, besides acting in cellular 

communication, allergic response being also involved in mechanisms of tissue repair and 

regulation of the endocrine system (HPA axis; de Kloet et al., 2005; Erta et al., 2012; 

McEwen, 2012b; Felger and Lotrichm 2013; Furtado and Katzman, 2015; Rothaug et al., 

2016). 

Although there are several types of cytokines, many have properties in common: 

They are produced and activated by several types of cells involved in inflammatory 

processes, their synthesis is rapid and self-limited, they can regulate their own synthesis, 

act as hormones, regulate division and multiplication processes. Their receptors have 

high affinity, that is, low concentrations of cytokines already produce biological effects. 
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Cytokines are grouped into different families according to their structure: helical 

cytocines, trimeric famly of tumor necrosis factor, cysteine growth factors and β-trefoil 

growth factors; or as its receptors: class I, class II, TNF receptors, tyrosine kinase 

receptors and chemokine receptors (Erta et al., 2012). 

There are cytokines that initiate an inflammation and others that inhibit. The major 

proinflammatory cytokines are Interleukin 1α (IL-1α), Interleukin 1β (IL-1β), Interleukin 2 

(IL-2), Interleukin 6 (IL-6) and Tumor Necrosis Factor alpha (TNF-α). The anti-inflammatory 

cytokines are: Interleukin 1ra (IL-1ra), Interleukin 4 (IL-4), Interleukin 10 (IL-10), 

Interleukin 11 (IL-11), Interleukin 13 (IL-13), Transforming Growth Factor beta (TGF-β) 

and Interferon gamma (IFN-γ; (Opal and Depalo, 2000). Cytokines can be secreted by 

various cell types and produce a network effect that depends on  the time of their 

release, the environment in which it acts, the presence of concurrent molecules, receptor 

density and tissue responsiveness to each cytokine (Opal and Depalo, 2000; Erta et al., 

2012; Rothaug et al., 2016). 

IL-1 forms a family of three proteins originated from different genes. They can be 

secreted mainly by monocytes (in the periphery) and microglial cells (in the CNS), but also 

astrocytes, neurons, olgodendrocytes and endothelial cells (Rothwell and Luheshi, 2000; 

Basu et al., 2004; Spulber and Schutzberg, 2010). IL-1 exhibit rapid induction depite low 

signaling. The IL-1 family is composed of IL-1α, IL-1β, IL-1ra, IL-1R1 receptor and IL-1R2 

receptor (Basu et al., 2004; Spulber and Schultzberg, 2010). IL-1α and IL-1β bind to both 

class I and class II receptors (Spulber and Schultzberg, 2010). 

IL-1 enhances the T cells response, indirectly activates B cell, increases the 

expression of vascular adhesion molecules and induces other cytokines and chemokines, 

forming a cascade of events that stimulate the immune response (Basu et al., 2004). In 

the CNS, IL-1 induces fever locomotor system depression, anorexia, hypersomnia, 

decreases social and sexual interactions and alters cognitive functions. These symptoms 

are known as disease behavior. It also has a negative feedback system, which by 

activating the immune system also stimulates HPA axis, modulating the immune 

resposne (Spulber and Schultzberg, 2010). IL-1 release can directly or indirectly stimulate 

toxic intermediates that kill nerve cells. However, they also activate astrocytes, which 

increase their ability to sustain neuronal survival, restore homeostasis and blood-brain 

barrier (Basu et al., 2004). 

There are some differences between IL-1α and IL-1β. For example, while only the 

mature form of IL-1β is functional, IL-1α is functional in both mature and pro-IL-1α forms. 
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Functionally, released IL-1β has greater affinity or the IL-1R2 receptor, while functional IL-

1α has greater affinity for IL-1R1 receptor. IL-1α is present in several cell types, even 

healthy ones at steady state and its expression may increase in the presence of growth, 

proinflammatory and stress factors (DiPaolo and Shayakhmetov, 2016). It is also known 

that IL-1β increases noradrenaline (NA) metabolites in the paraventricular nucleus of the 

hypothalamus and LC, and also increases serotonin (5-HT) activity in the hypothalamus 

PFC and hippocampus (Anisman and Merali, 2003). 

IL-2 is a cytokine derived form T cells. It does not promote signs of disease, but 

rather an anhedonic effect (Anisman and Merali, 2002). IL-2 is known to act on neural 

cells, regulating growth, differentiation, control of bioeletric behavior and 

neurotransmitter release, as well as modulating the release of pituitary hormones and 

CRH by the hypothalamus. It may also act as a humoral mediator, since its peripheral 

release may signal to the CNS the invasion of microorganisms or any threat to the 

immune system (Hanisch et al., 1994). Microdialysis studies indicate that when 

administered systemically, IL-2 causes an increase in NA and 5-HT release in the 

hippocampus and NAc, while release of dopamine (DA) is inhibited (Anisman and Merali, 

2003). 

IL-4 is a glycoprotein produced by mast cells and mature Th2 cells. It is able to 

influence T cell differentiation, mast cell recruitment and activation, stimulates IgE 

antibody production, enhances fibroblast proliferation of the skin and vascular 

endothelium and decreases proliferation of astrocytes and vascular smooth muscle cells 

(Velde et al., 1990). In addition, it blocks or suppresses the cytokines IL-1, TNF-α. IL-6, 

Interleukin 8 (IL-8) and macrophage inflammatory proteins (Opal and DePalo, 2000). 

IL-6 was first identified as a B cell differentiation factor in 1985 (Hirano et al., 

1985). In 1990, the concept that it also regulates hepatocytes, hematopoietic progenitor 

cells, bone cells, cardiovascular system, placenta, nervous and endocrine systems was 

introduced (Erta et al., 2012). IL-6 belongs to helical cytokines, including IL-11, 

Interleukin 27 (IL-27), leukemia inhibitory factor (LIF), oncostatin M (OSM), cardiotrophin 

1 (CT-1), neuroproetein and CT-1 factor. It binds to cytokine class I receptors (Erta et al., 

2012; Rothaug et al., 2016) and is involved in tissue regeneration, inflammation and 

defense against pathogens. IL-6 can be secreted by either immune cells (T cells, B cells, 

macrophages and microglia; Hobbs et al., 1991; Lee et al., 2002; Li and He, 2006) or 

non-immune cells (muscle cells, adipocytes, fibroblasts, endothelium cells and neurons; 

(May et al, 1989; Kishimoto et al., 1995; März et al., 1998; Skurk et al., 2007; Pedersen 
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and Febbraio, 2008). The IL-6 receptor (IL-6R) is found in a few cells, such as 

hepatocytes, leukocytes, neurons, astrocytes and microglia (Erta et al., 2012; Rothaug et 

al., 2016). 

When IL-6 binds to its receptor, it can trigger a response in two way: directly, where 

the dimerization of glycoprotein 130 (gp130) begins right after its binding, or indirectly, 

when binding to the receptor stimulates distant cells that express gp130, found in almost 

every cell types, including glial cells and neurons, but without IL-6R (Rothaug et al., 

2016). Thus, it induces glucocorticoids production, promotes the IL-1ra synthesis and 

TNF receptor release (Opal and Depalo, 2000). However, its activation may impair 

neurogenesis in the hippocampus directly influencing progenitor cells that have receptors 

for this cytokine, and indirectly through the activation of HPA axis that inhibits cell 

proliferation in the dentate gyrus (Das and Basu, 2008). 

IL-10 is the most important anti-inflammatory cytokine in humans (Lalani et al., 

1997; Opal and Depalo, 2000). It is involved in the inhibition of monocytes, 

macrophages, neutrophils, Th1 lymphocytes, TNF-α, IL-1, IL-6, IL-8, IL-12, among others. 

IL-11 is a non-glycoside peptidic cytokine, which resembles IL-6 and uses the gp130 

receptor binding complex. It was initially described as a hematopoietic growth factor, but 

it is already known to act as a platelet restorer, attenuates the IL-1 and TNF-α actions and 

regulates the synthesis of the inhibitory protein NF-kβ. IL-13 is an anti-inflammatory 

cytokine consisting of a non-glycated protein that works by regulating negatively the 

production of TNF-α, IL-1, IL-8 and macrophage inflammatory protein 1alpha (MIP-1α) by 

monocytes (Opal and Depalo, 2000). 

As cytokines were found both on the periphery and centrally, they influence the 

CNS directly and indirectly. They reach the CNS trhough the blood-brain barrier or by the 

activation of vagal afferent fibers, signaling to neurons by nitric oxide (NO) and/or 

prostanoids that are induced by IL-1 or released by microglia. They perform functions 

associated with sleep regulation, long-term memory aggregation and recovery, attention, 

integrity of the bloo-brain barrier, mediate the inflammatory and HPA axis responses to 

stress and modulate dopaminergic, serotonergic, noradrenergic and cholinergic 

neurotransmission by activating neurons (Black, 2002; Leonard and Song, 2002; 

Anisman and Matheson, 2005; García-Bueno and Leza, 2008; Erta et al., 2012; Calcia et 

al., 2016; Rothaug et al., 2016). 

IL-1, IL-2 and TNF-α can be transported from the periphery to the CNS, and can be 

secreted by microglia, astrocytes ad in some cases by neurons and oligodendrocytes 
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(Leonard and Song, 2002; Dantzer, 2006; Felger and lotrich, 2013). It is speculated that 

some neurotransmitters may also activate their release, being important in response to 

stress (Leonard and Song, 2002). 

During the inflammatory process, proinflammatory cytokines stimulate the 

hypothalamus, promoting the CRH and vasopressin release, providing an indirect 

limitation of the inflammatory reaction, through the relase of glucocorticoids. However, 

these cytokines are secreted in a cascade form, where TNF-α is the first to be released, 

followed by IL-1 and finally IL-6, which in its autocrine form stimulates its own secretion. 

They may act separately or together on the activation of the HPA axis, and may also 

stimulate directly the pituitary gland and cortisol secretion (Mastorakos and Pavlatoum 

2005; Fasick et al., 2015; Avolio et al., 2017). However, there are some reports of 

increased IL-10 in resilient animals, demonstrating an ambiguous, unbalanced 

relationship between pro and anti-inflammatory factors and stress (Avolio et al., 2017; 

Depino, 2017). 

Receptors for cytokines are found in various CNS areas, as well as neurons, glial 

cells, round arterioles and the choroid plexus. Thus, there is extensive communication 

between the periphery and the CNS. Receptors for IL-1 are found in neurons in the 

hippocampus and hypothalamus, and may directly influence the release of 

neurotransmitters. For example, this cytokine may lead to an increase in NA and 5-HT 

concentration, which is related to HPA axis activation (Leonard and Song, 2002; Dantzer, 

2006). IL-2 stimulates NA release in the hippocampus and DA in the PFC and may also 

inhibit the release of acetylcholine (ACH) by hippocampus in the PFC, contributing to 

degenerative changes in the hippocampus that may lead to memory, motor coordination 

and cognitive deficits (Leonard and Song, 2002). 

IL-6 stimulates the release of DA and 5-HT, without influencing NA. However, NA 

may stimulate astrocytes to release IL-6 (Leonard and Song, 2002). It appears to have a 

pyrogenic effect and activates the HPA axis, but does not change behavior, only 

potentiates the IL-1β effect (Dantzer, 2006). TNF-α seems to have a biphasic function. 

When administered acutely, it stimulates the release of catecholamines while chronically 

it has the opposite effect, leading to neurotoxicicity (Leonard and Song, 2002). The major 

effects of cytokines are summarized in Table 1. 

Studies in rodents have shown that cytokine administration both peripherally and 

centrally leads to behavioral changes such as psychomotor retardation, anorexia, 

reduced sexual activity and social interaction, sleep disturbances, memory and learning 
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deficits and anhedonia, known as sickness behavior due to the similarity of behavior 

when the individual has some infection. This behavior can be seen after the central 

administration of IL-1 and IL-2 (Leonard and Song, 2002; Dantzer ,2006; Kubera et al., 

2011; Felger and Lotrich, 2013). 

IL-1β acts on the paraventricular nucleus of the hypothalamus, where it contains 

neurons that release CRH, activating the HPA axis. It also appears to  act in the 

brainstem, which projects pathways to the parabrachial nucleus, central amygdala and 

BNST. It has receptors in the granular layer of the dentate gyrus and the cerebellum, 

hypothalamus and pyramidal layer of the hippocampus (Dantzer, 2006). 

Animals more susceptible to stress produce higer levels of IL-1β and IL-6 in 

response to the same stressor as more resilient animals. Stress induced by chronic 

movement restraint in rats affects the microglia morphology and densitiy in stress-

sensitive areas. The effects are reversed by antidepressant treatment. Also, it is reported 

that stress by social defeat causes microglia hypertrophy in the PFC, hippocampus and 

amygdala, as well as an increase in inflammatory markers in the microglia e 

macrophages in the CNS. Furthermore, it is suggested that the permeability of the blood-

brain barrier may be affected, since peripheral monocytes are found in the CNS after 

social defeat stress (Ménard et al., 2016). 

 

1.2.2.2. Synaptic plasticity and neurogenesis 

Dendritic spines are extensions that expand or retract in an activity dependent 

fashion. It is believed that the number of dendritic spines reflects the amount of synaptic 

connectivity of a neuron, regulating glutamatergic neurotransmission, since they are 

found in excitatory synapses. In addition, they determine synaptic stability, morphology 

and neuronal function, where small and fine spines are mobile and transient, while larger 

ones are more stable, establishing stronger synapses (Leuner and Shors, 2013; Duman 

and Duman, 2015). Thus, stress exposure leads to remodeling of dendrites in the PFC, 

hippocampus and amygdala, which may be related to activation of glucocorticoids, 

decrease or increase of brain-derived neurotrophic factor (BDNF), increase of 

extracellular glutamate and proinflammatory cytokines levels (Alfonso et al., 2005; 

Kubera et al., 2011; Masi and Brovedani, 2011; Gourley et al., 2013; Leuner and Shors, 

2013; Yi et al., 2017). 
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Table 1 - Cytokines effects. 
Cytokines Effects NT release 

IL-1 x Increases T cell response 
x Indirectly activates B cells 
x Increases the expression of 

vascular adhesion 
molecules 

x  Induces other cytokines 
and chemokines, forming a 
cascade of events that 
stimulate the immune 
response 

x Increases metabolite of NA 
x Increases the 5-HT activity 

IL-1ra x Inhibits IL-1α action 
x Promotes IL-1β-mediated 

cellular activation 

 

IL-2 x Regulates growth and 
differentiation functions 

x Controls the bioelectric 
behavior and release 
neurotransmitter 

x Modulates the release of 
pituitary hormones and CRH 

x Acts as a humoral mediator 

x Stimulates NA, 5-HT and 
DA release 

x Inhibits ACH  

IL-4 x Stimulates the development 
of Th2 lymphocytes 

x Inhibits cytokine synthesis 

 

IL-6 x Inhibits the IL-1 and TNF-α 
production by monocytes 

x Inhibits Th1 lymphocytes 
responses 

x Acts as a growth factor of T 
and B cells 

x Induces acute responses 

x Stimulates DA and 5-HT 
release 

IL-10 x Inhibits monocytes, 
macrophages, neutrophils, 
Th1 lymphocytes,  TNF-α, IL-
1, IL-6, IL-8 and IL-12 

 

TNF-α x Increases inflammatory 
molecules and  cell adhsion 
production 

x Acutely stimulates the 
release of catecholamines 

 

IFN-γ x Activates macrophages 
x Has role in the productio 

of IgG 

 

NT- neurotransmitters. 
 

The hippocampus is quite responsive to stresse exposure, since it has abundant 

glucocorticoids, BDNF, cytokines, 5-HT and glutamate receptors, suffering several 

harmful consequences (Alfonso et al., 2005; Leuner and Shors, 2013). Stress has a 

neurotoxic effect in the hippocampus, where there is initially microglial activation, which 

leads to an increase in inflammation, resulting in a reduction of BDNF and other 

neurotrophins. This explains the reduction of dendritic density, retraction or even loss 

spines in CA3 pyramidal neurons. In addition, loss of pyramidal neurons in the CA1 region 
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and synaptic losses of dentate gyrus granular neurons can also occur (Leuner and Shors, 

2013; Wiborg, 2013; Duman, 2014; Duman and Duman, 2015; Ménard et al., 2016; 

Willner, 2016a; Slattery and Cryan, 2017). 

Besides dendritic remodeling, stress-induced changes also cause suppression of 

dentate gyrus neurogenesis (Alfonso et al., 2005; Rosenbrock et al., 2005; Kubera et al., 

2011; Masi and Brovedani, 2011; Leuner and Shors, 2013; Duman, 2014). Some 

studies suggest that neurogenesis signaling may be a biomarker of diseases such as 

depression and post-traumatic stress disorder (PTSD; (Morgane et al., 2005; Xu et al., 

2012; Wiborg, 2013; Ménard et al., 2016; Willner, 2016a; Slattery and Cryan, 2017). 

Another change that may occur in the hippocampus is the modification of synaptic 

plasticity (Alfonso et al., 2005; Duman, 2014). It has been described that stress can lead 

to reduction of membrane proteins of synaptic vesicles such as synaptophysin (SYN) and 

synaptogamin increase (Alfonso et al., 2005). 

SYN is a major integral protein of synaptic membranes and vesicles. As such, ithas 

been used as a presynaptic marker of synaptic density, synaptogenesis and synaptic 

efficiency (McMahon et al., 1996; Grizzell et al., 2014; Seo et al., 2015; Zhang et al., 

2015; Liu et al., 2017). It divides its membrane space with connexins (protein subunits of 

the communicating junctions) and seems to participate in the formation of a canal 

connecting the vesicle with the external environment during exocytosis, called 

synaptopore. It is present in a large proportion of CNS neurons, the peripheral nervous 

system (PNS) and neuroendocrine glands, playing an important role in the 

neurotransmission of chemical synapses (Marqueze-Pouey, 1991; Fykse et al., 1993). 

There are two types of SYN: SYN I and SYN II. SYN I is widely distributed in the CNS, while 

SN II appears mainly in nerve terminals, where it may be coexpressed with SYN I (Fykse et 

al., 1993; McMahon et al., 1996). 

SYN appears to interact with other synaptic vesicle,protein, such as synaptobrevin. 

It prevents the binding of synaptobrevin to other proteins, such as syntaxin and 25 kDA 

snaptosome-associated protein (SNAP-25), when there is no Ca++ influx. This binding 

gives rise to N-ethylmaleimide-sensitive factor biding protein receptor complex (SNARE), 

which results in the fusion of the synaptic vesicles to the neuronal membrane, promoting 

exocytosis and release of neurotransmitters (Gao et al., 2006; Carvalho-Netto et al., 

2011). 

The PFC has a role in controlling the negative feedback of the HPA axis, in the 

modulation of the amygdala and is responsible for cognitive flexibility, being quite 
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sensitive to stress. Stress induces a decrease in the dendritic density of pyramidal cells of 

the medial PFC, diminishing mushroom-like spines and increasing the finest in all 

subregions and layers. There may also be a decrease in ventromedial PFC and ACC, 

except for orbitfrontal PFC where dentritic arborization and neurons that project to 

basolateral amygdala increase. Furthermore there is also a decrease in BDNF and 

synaptic protein levels, as well as glial cells loss. The mechanism by which these changes 

occur is complex. The medial PFC has abundant glucocorticoids receptors, which appear 

to participate in this remodeling, as well as in the activation of glutamatergic receptors, 

especially, the N-methyl-D-aspartate (NMDA) receptor (Leuner and Shors, 2013; Duman, 

2014; Duman, 2015; Ménard et al., 2016; Willner, 2016a; Slattery and Cryan, 2017; 

Souza et al., 2017). 

Animals submitted to chronic stress showed a reduced expression of SYN in the 

PFC and hippocampus, which were reversed by cotinine (colinergic receptor agonits) 

treatment only in the PFC (Grizzell et al., 2014). Another study has also found a reduced 

espression of SYN in the hippocampus, whereas antidepressant treatment restores this 

decrease (Liu et al., 2017). Huang and colleagues (2015) demonstrated that chronic 

stress by movement restraint leads to a reduction in CA1 SYN, which was reversed by 

flurpitin (non-opioid analgesic; Huang et al., 2015). Another study verified that chronic 

stress leads to a reduction of SYN expression in the PFC, which was reversed by 7,8-

dihydroxyflavone (naturally occurring flavone that activates Trkβ (Zhang et al., 2016). 

The amygdala also undergoes changes as a result of stress. However, 

modifications in dendritic density are opposite to the hippocampus and medial PFC. 

Pyramidal and stellate neurons of the basolateral amygdala present hypertrophy, with 

increased length and number of dendritic spines and synaptic proteins. These alterations 

seem to be related to the action of glucocorticoids. These structural changes seem to be 

involved in mechanisms of anxiety-like behavior (Leuner and Shors, 2013; Duman and 

Duman, 2015; Ménard et al., 2016; Willner, 2016a; Lezak et al., 2017). 

Chronic stress leads to a reduction of synaptic afferents in several CNS regions, 

including the basolateral amygdala, BNST and paraventricular nucleus of the 

hypothalamus (Carvalho-Netto et al., 2011). Another study showed that chronic stress by 

immobilization reduced the expression of SYN in the PFC, hippocampus and amygdala, 

an effect that was reversed by atypical antipsychotics, suggesting that the increase in 

SYN expression reflects the increase of synaptic vesicles (Seo et al., 2015). 
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Yi and colleagues (2017) reported that chronic stress leads to an increase in SYN 

expression in the basolateral amygdala, suggesting that there was an increase in 

synaptogenesis, which may be reserved by fluoxetine (selective serotonin reuptake 

inhibitor - SSRI; (Yi et al., 2017).  

Another region that presents increased dendritic spines is the NAc. It receives 

dopaminergic afferents from the mesolimbic pathway, which is associated with motivated 

and reward control (Duman and Duman, 2015; Ménard et al., 2016). 

It has been shown that BDNF and SYN levels are reduced in post-mortem patients 

with schizofrenia. This suggests that changes in synaptic plasticity may be related to the 

pathophysiology of this disturbance (Seo et al., 2015). 

 

1.2.2.3. Neurotransmitters 

Stress may reduce activity in the mesolimbic pathway, reward system, including 

dopaminergic projections from the ventral tegmentar area (VTA) of the midbrain to the 

NAc (Lowry et al., 2005; Wiborg, 2013; Hammels et al., 2015). Other structures that 

compose the reward system are the ventromedial PFC, orbitofrontal cortex, ACC, 

amygdala, hippocampus, NAc, ventral pallidum and others associated structures 

(Morgane et al., 2005; Slattery and Cryan, 2017). 

The main neurotransmitter of this pathway is DA, but others are also involved, 

including glutamate, GABA, 5-HT, opioids, endocannabinoids and neuropeptides 

(Hammels et al., 2015; Slattery and Cryan, 2017). Dopaminergic neurons from the VTA 

project to the hippocampus (learning behavior), PFC and amygdala (emotional behavior; 

(Hammels et al., 2015). Thus, a dysfunction of this pathway may lead to a cognitive and 

executive deficits, as well as anhedonic behavior as seen in individuals with depression 

(Palmfeldt et al., 2016). 

In anticpation of reward there is a communication between PFC and VTA. In 

anhedonia, it appears that there is a decrease in PFC and hippocampus activity (Wiborg, 

2013; Hammels et al., 2015). Increased DA is associated with both pleasurable activities, 

drugs abuse, sexual acts, as well as intensely stressful events, such as footshock, 

movement restraint (Miczek et al., 2004). 

Alterations in DA release disrupt other systems, such as the GABAergic, 

glutamatergic, serotonergic and noradrenergic ones (Hammels et al., 2015). Chronic 

stress elevates DA release in the mesocortical pathway, mainly in the medial PFC, which 

sensitizes the response of this pathway to new stressors (Cuadra et al., 1999). As stress 
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becomes chronic and sustained, DA decrease is also seen in the mesolimbic pathway, 

especially in the NAc (Pizzagalli, 2014). As the inhibitory effect of DA in the medial PFC is 

potentiated, the PFC inhibits DA activity in the NAc, reducing DA release in the mesolimbic 

pathway that may be involved to anhedonia. Thus, prolonged exposure to stress may 

cause three major alterations: decrease DA in the mesolimbic pathway, decrease DA 

transporter and sensitization of mesocortical responses to new stressors  (Pizzagalli, 

2014). 

Another structure that also seems to influence anhedonic behavior is the 

habenula. In depression, it appears to be overactive, mediating negative emotional states 

and the balance of activity between the amygdala and NAc. Lateral habenula projections 

that pass through raphe nuclei activate the amygdala and indirectly also reach the VTA, 

mediating an inhibition of the dopaminergic neurons of the mesolimbic pathway to the 

NAc (Wiborg, 2013; Willner, 2016a). 

In a study using chronic unpredictable mild stress (CUMS) for 3 to 7 weeks, the 

authors found an increased concentration of 5-HT and its metabolites in limbic 

structures, but not in the caudate nucleus. In additon, stress also caused a reduction in 

the sensitivity of inhibitory autoreceptors of DA in the NAc, pointing to this nucleus as an 

important area involved in mediating the effects of CUMS. However, these changes 

cannot explain changes in sensitivity to reward, since CUMS apparently increases DA 

release in the NAc, as in acute stress which makes it difficult to conciliate neuroleptic 

behavior. The effects of chronic antidepressant treatment, such as imipramine, were very 

similar to those of CUMS, suggesting that changes in reward sensitivity are probably 

mediated post-synaptically (Willner et al., 1992). In addition, there is a significant 

reduction in the number of D2 receptors in NAc, which appears to be secondary to 

overexposure to DA (Willner et al., 1992; Willner, 2016a). DA also appears to be involved 

in the induction of aggression. DA agonists induce spontaneous confrontation in rats, 

whereas neuroleptic drugs (dopaminergic receptor antagonists) suppress this behavior 

(Pucilowski, 1987; Garza-Treviño, 1994). 

Beyond DA, the 5-HT is involved in changes caused by stress. It is synthesized 

from the amino acid tryptophan. Its synthesis involves the activity of step-limiting enzyme 

tryptophan hydroxylase (Popova, 2008), which appears to be reduced as a result of 

cortisol effect (Ogłodek et al., 2014) Serotonergic neurons are found in raphe nuclei and 

are topographically organized in relation to regions that make connections. For example, 

the neurons that project to the striatum and substance nigra are located in the rostral 
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region of the dorsal raphe. The ones projecting to the amygdala are in the mid-

rostocaudal region, while those projecting to the hippocampus are in the caudal, 

interphascicular part and median raphe nucleus. The mid-rostocaudal and dorso-caudal 

region of the dorsal raphe are the most involved in modulation of the anxiety-like 

behavior, receiving input from BNST. Thus, each set of serotonergic neurons may have 

functional properties linked to context-dependent forms of behavioral excitation, and the 

mesolimbic and the mesostriatal pathways may be independently activated(19, 106,107). 

Dorsal raphe projections to limbic structures are involved in the regulation of behavioral 

and physiological responses, such as aggressiveness, impulsivity, escape and social 

interaction, through the activation of 5-HT2a/2c and 5-HT3 (Pucilowski and Kostowski, 

1983; Olivier and Mos, 1992; Graeff et al., 1996; Millan, 2003; Carrillo et al., 2009). 

Aggressive behavior is related to several neurotransmitters and neuropeptides 

such as 5-HT, DA, oxytocin, vasopressin, CRH,CORT and testosterone. For example, 

aggressive animals exhibit a 5-HT autoreceptor supersensitivity and a decrease in the 

functionality of its reuptake, which leads to a reduction of 5-HT and other neurochemical 

events that characterize this behavior (Pucilowski and Kostowski, 1983; Pucilowski, 

1987; Popova, 2008; de Boer, 2018). Animals that have experienced prolonged social 

isolation have decreased levels of 5-HT (Pucilowski and Kostowski, 1983). The 

administration of 5-HT receptor agonists into the amygdala reduces attacks in mice 

(Kruk, 1991). 

Increased aggressiveness is interpreted as the result of loss of inhibitory control 

over 5-HT, NA and facilitated transmission of DA. The inhibitory control promoted by NA 

seems to occur in the amygdala and NAc, while by 5-HT seems to occur only in the 

amygdala. When the serotonergic control is suppressed, dopaminergic neurons are 

disinhibited and the aggressive behavior may be induced. If noradrenergic control is 

suppressed the influence of 5-HT decreases (Pucilowski, 1987). 

Glucocorticoids are involved in two types of aggression: hyperarousal 

(characteristic of conditions such as posttraumatic stress disorders, depression, among 

others) and hypoarousal (characteristically in antisocial personality disorder). 

Aggressiveness due to hyperarousal appears to be related to an excessive acute 

response to glucocorticod release and consequently other stress-related systems. 

However, aggressiveness due to hypoarousal is related to glucocorticoid deficit that lead 

to a serotonergic deficiency in the PFC and amygdala (Haller et al., 2005; Veenema and 

Neumann, 2007). Different pathways are activated during aggressiveness associated 



23 
 

 

with hyperarousal or hypoarousal. The aggressive hyperarousal model aticvates the 

amygdal-hypothalamus-periaquedeuctal gray matter pathway. In the hypoarousal model, 

the circuit activated encompasses the lateral amygdala-hypothalamus-ventral 

periaqueductal substance (Haller, 2013). 

The decrease in the inhibitory effect of 5-HT over the lateral amygdala, responsible 

for the sensory information process, is indirectly reflected over the central nucleus. Thus, 

an increase in plasma glucocorticoid levels leads to an increase in the synthesis of 5-HT 

and the firing rate of raphe nuclei, as well as an increase in its concentration in midbrain, 

hypothalamus, amygdala septum and hippocampus (Haller et al., 2005). 

Central amygdala activation seems to be involved in aggression induced by 

glucocorticod deficiency. Decreased activity in the lateral septum causes aggression. 

Thus, increased central amygdala activity and decreased lateral septum activity leads to 

emotional dysregulation that contribute to aggressive behavior (Veenema and Neumann, 

2007). 

The hypothalamus also seems to be associated with the co-specific attack, and is 

influenced by cholinergic, dopaminergic GABAergic, noradrenergic and serotonergic 

afferents and inputs using substance P and vasopressin. It may still be influenced by 

glucocorticoids (Kruk, 1991; Haller, 2013). 

When aggression is induced by an increase in arousal, there is an increase in the 

activation of hypothalamus, a decrease in serotonergic control and an increase in 

hypothalamic vasopressin transmission. Aggressiveness triggered by hypoarousal is 

associated with lateral hypothalamuic activation, a reduction in vasopressin transmission 

and loss of serotonergic control (Haller, 2013). 

The PFC exerts an inhibitory role in the control of impulsive and aggressive 

behaviors, with 5-HT being the main neurotransmitter involved in this control (Ferrari et 

al., 2005). Temporal lobe damages is associated with rage attacks. After frontal lobe 

impairment, the aggressive response may occur without provocation. The orbifrontal 

cortex has been reported as the gateway for the perception of provocative activities of 

anger. Ventromedial and orbitofrontal cortices are involved in the inhibitory control of 

emotions, but the orbitofrontal cortex seems to be more strongly related to the perception 

of anger and aggressive behavior (Potegal, 2012). 

Reduction in the 5-HT synthesis in rodents  increases aggressiveness. 

Pharmacological manipulations that seek to increase serotonergic activity, as 5-HT 

reuptake inhibitors or 5-HT precursors decrease aggressiveness (Vergnes et al., 1986; 
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Olivier, 2004). Studies on microdialysis have shown that during a brief episode of 

aggression, rats present a reduction in 5-HT levels in the PFC but not in the NAc (van Erp 

and Miczek, 2000; Ferrari et al., 2003). If the fight episode repeated for 10 days, the 5-

HT levels also reduce, which suggests that aggressiveness is related to acute changes in 

mesocorticolimbic structures. However, it seems that the 5-HT role is in the preparation 

of the individual conforntation, not for confrontation-related motor planning, since 5-HT 

lelvels persist in the absence of motor behavior associated with aggressiveness (Ferrari 

et al., 2005). 

Serotonergic neurons appear to have GABAergic receptors, suggesting a reciprocal 

interaction between the 5-HT1a and GABAa receptor agonists in relation to anxiety. 

Increased aggressiveness induced by GABAa receptor agonists can be modulated by the 

activation of autoreceptors or presynaptic 5-HT1b receptors (Miczek et al., 2004). 

It has been shown that 5-HT1a and 5-HT1b receptors located pre and post 

synaptically have a potent anti-aggression effect. Furthermore, there is an increase in the 

amount of somatodendritic 5-HT1a and 5-HT1b receptors at the synaptic terminal in 

highly aggressive rats with several successful experiences. That is, the occurrence of an 

exaggerated activation of inhibitory autoreceptors may be the cause of the events leading 

to a decrease in the function of serotonergic neurons that characterize pathological and 

violent aggressiveness, since less aggressive animals show a higher density of 5-HT1a 

receptors (Miczek et al., 2007; Popova, 2008; Potegal, 2012). 

It seems that with the increase of anxiety-like behavior increases the serotonergic 

tone in the hippocampus, where the great majority of the neurons are glutamatergic (90% 

of pyramidal and granular neurons) and GABAergic interneurons (10%; File et al., 2000). 

Together with cholinergic projections coming from median septum and noradrenergic 

from the LC, they modulate the hippocampal activity (File et al., 2000). Then, cholinergic 

and serotonergic activity modulate the anxiety-like behavior, but in an antagonist way, 

that is, higher cholinergic activation lower serotonergic activation and consequently lower 

anxiety (File et al., 2000). However, a greater noradrenergic activation increases the 

anxiety-like behavior (Arborelius et al., 1999). 

Due to the imbalance of serotonergic neurotransmission in consequence of stress, 

the 5-HT1a receptor expression is altered in the hippocampus (Graeff et al., 1996). In the 

begining of the stress response, these receptors favor serotonergic neurotransmission, 

helping to develop a tolerance to stress (Graeff et al., 1996). However, after prolonged 

stress exposure, the expression of these receptors decreases, leading to a predisposition 
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for the development of depressive symptoms (Graeff et al., 1996; Takahashi and 

Quadros, 2011). As 5-HT1a receptors are located pre-synaptically, they exert a facilitative 

influence on the mesolimbic and mesocortical dopaminegic and corticolimbic 

noradrenergic pathways (Millan, 2003). 

Serotonergic projections from the dorsal raphe nucleus to the amygdala also 

seems to be involved with the anxiety-like behavior (Graeff et al., 1996). When 

hyperactive, in response to stress, they increase 5-HT2 receptors activation, weakening 

the activation of the 5-HT1a receptors Graeff et al., 1996; Yi et al., 2017). 

The noradrenergic system from the LC also innervates regions such as 

hypothalamus, amygdala, periaqueductal gray matter and cortex being involved in the 

excitation and activation of these aereas (Morgane et al., 2005). However, the prolonged 

stress exposure accelerates the release of NA that may lead to a decreased im this 

neurotransmitter, since its synthesis may not be able to accompany release. Stress 

seems to activate the tyrosine hydroxylase enzyme, attenuating NA depletion in LC, but 

there is still a decrease in its release. The release of NA in the LC, has as its main target 

α2-adrenergic receptors in the dendrites of LC itself, promoting an inhibitory effect for the 

firing of these cells, which can lead to the behavior of the depressive type after exposure 

to stress (Weiss et al., 1994; Millan, 2003). NA also appears to be involved with 

aggressive behavior. Injuries that induce rage attack reduce NA levels proportionally to 

the frequency of attacks (Pucilowski, 1987; Garza-Treviño, 1994). 

The cholinergic innervation to the limbic system originates from two primary 

sources: mesopontine laterodorsal tegmental nucleus and magnocellular basilar nucleus. 

The cholinergic system activates the PFC, leading to an excitation necessary to process 

cognitive sensorimotor information (Morgane et al., 2005). It has been reported that 

nicotinic cholinergic receptor agonists reduce aggressive behavior (Lewis et al., 2015). 

The medial PFC receives projections of the basolateral amygdala that directly 

activate pyramidal neurons of the layer V. These neurons, in turn, send projections to the 

dorsal raphe, modulating serotonergic activity. This circuit has been related to increased 

escape behavior and anxiety-like behavior after stress exposure. Thus, the action of 

stress on basolateral amygdala promotes an anxiogenic effect (Lowry et al., 2005). 

GABAergic modulation of anxiety-like behavior seems to be dependent on 

ionotropic GABAa and metabotropic GABAb receptors. GABAa receptors are spread 

throughout the limbic system, LC, raphe nuclei, VTA. The levels of GABAa receptors are 

reduced in response to stress and contribute to a modification of inhibitory tonus Mllan, 
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2003; Morgane et al., 2005). GABAergic action is potentiated by ligans at several 

allosteric sites in different GABAa receptor subunits. These sites are known as 

benzodiazepine (BZD) binding sites, neurosteroids, barbiturates, anesthetics, ethanol, 

among others (Millan, 2003). 

In the amygdala there is an imbalance between excitation and inhibition, being 

important for the regulation of anxiety responses due to the influence of increased 

release of CRH, since it is the main CRH source outside the hypothalamus. Thus, this 

increase in CRH, specifically in the basolateral amygdala, makes it more resistan to 

inhibition of PFC, since it is also modulated by serotonergic and noradrenergic pathways 

(Shekhar et al., 2005; Takahashi, Quadros, 2011). 

The basolateral amygdala appears to be one of the major sites of action of BZDs. 

The lateral septum and the periaqueductal gray matter also have been reported as sites 

of action of BZD. This drug has been reported to act on pre and post-synaptic 

serotonergic terminals, noradrenergic neurons of the LC and dopaminergic projections of 

the mesolimbic and mesocortical pathways (Millan, 2003). 

Aggressive mice, which were socially isolated, present decreased levels of GABA in 

some areas of the CNS, such as striatum, hippocampus and amygdala. Pharmacological 

studes have shown that the administratiom of GABAergic agonists inhibit the aggressive 

response of isolated mice (Brain and Haug, 1992). 

 

1.2.3. Behavioral changes 

To maintain its equilibrium, the organism is constantly promoting responses as a 

result of a external and internal stimuli that can be translated into actions, that is, 

behaviors (anxiety, aggressiveness, hedonia, among others). In the case of a stressor, 

there are adaptations to facilitate the coping of diverse situations, as defense 

mechanisms (Haller et al., 2005; Lowry et al., 2005; Steimer, 2011). When these 

alterations are not successful they become pathological. In order to classify a behavior as 

abnormal, it is necessary to take into account some criteria as inadequacy, frequency or 

prolonged expression (Haller et al., 2005; Lowry et al., 2005; Steimer, 2011). 

Some authors reported that stress exposure leads to depressive-like behavior, 

which involves two main signs: anhedonia and depressed mood (difficult to be evaluate in 

animals), but it also occurs in schizophrenia, anxiety disorders, autism, Parkinson's 

disease, among others (Willner et al., 1992; Anisman and Matheson, 2005; Hill et al., 

2012; Ho and Sommers, 2013; Pizzagalli, 2014; Hammels et al., 2015; Yin et al, 2016; 
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Slattery and Cryan, 2017). Anhedonia is defined as a reduction of the ability to 

experience pleasure when the activity was previously enjoyable (Ho and Sommers, 2013; 

Wiborg, 2013). It can manifest in different forms, such as physical, social, appetitive or 

consumatory. Physical anhedonia is the loss of the ability to feel pleasure through 

physical activities, such as eating and sex. Social anhedonia is the loss of pleasure during 

interactions with other beings of the same species (Ho and Sommers, 2013). 

The experience of pleasure happens in stages (anticipation, experience and 

memory), then anhedonia may be a alteration in any of these phases. For example, 

appetitive anhedonia is a difficult in anticipating wheter or not an activity will be 

rewarding. Consummatory anhedonia refers to the pleasurable participation in the 

activity, closely linked to the dysfunction of the dompaminergic system (Ho and Sommers, 

2013). In addtion to losing interest in previously enjoyable activities, the individual may 

have difficulty associating values with reward, determining the effort required to obtain 

the reward, deciding whether to earn a reward or become motivated to perform rewarding 

activities (Wiborg, 2013). Anhedonia is one of the most commonly measured behaviors in 

animal models of stress (Wiborg, 2013; Hammels et al., 2015; Palmfeldt et al., 2016; 

Slattery and Cryan, 2017). Some animals show susceptibility and greater resilience after 

stress exposure (Wiborg, 2013; Palmfeldt et al., 2016; Willner, 2016a). 

Anxiety is a behavioral, physiological and psychological state induced by the actual 

or potential threat of survival. Fear is the response to a real or eminent danger. Thus, 

another response to stress is anxiety-like behavior and fear, including increased vigilance, 

freezing, increased heart rate, decreased food intake and defesive attitude. In rodents 

these are triggered by aversive, diffuse, unpredictable or long-lived stimuli (Crawley, 

1985; Lowry et al., 2005; Steimer, 2011; Lezak et al., 2017). 

Anxiety-like behavior is characterized by the escape of fear and anxiety generating 

situations, where there is an increase in excitation and attention to environment situmuli, 

especially to new ones. The process of choosing between one form of confrontation or 

another is already a psychological form of threat, since a wrong choice can be fatal or 

harmful (Lowry et al., 2005; Steimer, 2011). 

Thus, frustation can also be a measure of anxiety. It occurs when there is a 

difference between the real and expected consequences. For example, training an animal 

to obtain a reward after obeying some rule, folowing by a sudden change in this rule. 

Under these circumstances, the animal enters in a motivational conflict. In humans this is 

quite common and can lead to a anxiety (Steimer, 2011). 
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Stress exposure may also impair the ability to integrate previous experiences and 

prepare for future events and thus generate anxiety (Steimer, 2011). Anxiety-like 

behavior may also be interpreted as a conflict between approaching a rewarding stimulus 

or being  attentive to any noxious stimuli that a strange environment may present (Lowry 

et al., 2005). 

Social interactions are beneficial and enjoyable for both humans and rodents. 

They occur from birth, with the interaction between mother and child and are essential for 

the healthy development of the CNS (Trezza et al., 2011). Social investigation involves 

behaviors of genital or face sniffing, grooming among the others (Panksepp and Beatty, 

1980; Himmler et al., 2013). These procedures can be confused with play fighting and 

offensive behavior, but, usually, they precede these type of interaction (Himmler et al., 

2013). 

Aggressive behavior, under normal conditions, is a tool of choice to gain and 

maintain access to desired resources, such as food, territory, mating or to defend against 

predators and ensure social status. Each species have their typical ritual, stereotyped 

patterns. Each individual respects the rules of coexistence in society. However, even if it 

is a natural behavioral, it can be harmful to both the victim and the aggressor (Ferrari et 

al., 2005; Haller et al., 2005; Veenema and Neumann, 2007; Boer, 2018). 

A fighting play behavior that does not involve strong bites in young adolescent rats 

is still friendly. In the attack is directed at the nape of the opponent, which in turn 

defends itself by deflecting its head, rooling along the longitudinal axis, remaining in the 

supine position, or keeping the hindlimbs in the ground (Pellis et al., 1997; Burke et al., 

2017). One of the most characteristic responses of play fighting is pinning. This posture 

can be reached in several ways, but the frequent form occurs when the attacked rat rolls 

to the supine position and the attacker stands on it as if immobilizing the opponent. This 

behavior can also be seen when the  animals display aggressive behaviors (Panksepp 

and Beattu, 1980; Panksepp et al., 1984; Pellis et al., 1997; Himmler et al., 2014; 

Vanderschuren t al., 2016). 

During adolescence,the goal of playing is to learn how to defend and to find a 

place in the social structure of the group, while enhancing the motor coordination. For 

example, animals that initiate play more often tend to became dominat as adults (Scott, 

1966; Panksepp, 1981; Blanchard et al., 2003; Burke et al., 2017). Play fighting does 

not disappear in adulthood, only decreases its frequency (Pellis et al., 1997). 
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When adults, rats attack to protect their territory while females atack to protect 

their litter (Blanchard and Blanchard, 1990; Ferrari et al., 2005). Agonistic behavior 

occurs in situations involving physical conflict between members of the same species 

(attack, freezing, defense, threat, dominance and subordination; (Scott, 1966; Albert and 

Chew, 1980; Olivier and Mos, 1992; Blanchard et al., 1993). 

Aggressive beahvior may be classified in two categories: affective and predatory 

aggression (Albert and Walsh, 1982; Pucilowski and Kostowskim 1983; Eichelman, 

1992). Affective aggression is related to intraspecies conflicts, being subdivided in 

offensive and defensive behaviors and maternal aggression (Eichelman, 1992; Blanchard 

et al., 2003). In the offensive behavior, rats usually chase and approach their opponent, 

laterally, smell the genital and attack by stepping and biting the back or neck. This is 

considered a reaction resulting from the animal's levels of anxiety (Scott, 1966; 

Blanchard et al., 1977; Albert and Walsh, 1982; Blanchard, 1989; Blanchard et al., 

1993; Blanchard et al., 2003). In defensive behavior, the animals attack is also have a 

manner of defendig themselves, shouting when bitten, lifting in boxing position or lying in 

the supine position to defend the neck and, head and back an seek to attack the muzzle 

(Scott, 1966; Blanchard 1977; Albert and Walsh, 1982, Blanchar, 1989 Blanchard et al., 

1993; Blanchard et al., 2003). Maternal aggression refers to the female's attack on 

opponents who threaten her offspring, having ofensive and defensive characteristics 

depending on the gender of her opponent (Blanchard et al., 2003). The predatory attack 

consists of a silent pursuit of the prey followed by a rapid attack on the back of the neck, 

being usually interspecies (Albert and Walsh, 1982; Eichelman, 1992).  

When out of control, aggressive behavior is characterized by 5 factors: low 

provocation and short latency to initiate an attack; high attack intensity leading to 

significant injury, disregard for submission signals, lack of specific behavioral structure of 

each species and lack of context, that is, the characteristics of the victim (sex, age) or 

situation that are poorly judged (Haller et al., 2005; Haller and Kruk, 2006, Veenema and 

Neumann, 2007; Haller, 2013; de Boer, 2018). This type of behavior is called escalated 

aggression (Miczek et al., 2003; Miczek et al., 2004). Offensive ambiguity can also be 

seen in rodents, where offensive and defensive behaviors are found at the same time 

(Haller, 2013). 

Changes in aggressiveness can be a symptom of psychiatric disorders, being 

common in personality disorders, schizophrenia, of drug use or abuse, intelectual 

disabilities, among others (Pucilowski, 1987; Haller et al., 2005; Haller and Kruk, 2006). 
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In humans, it usually develops in three circumstances: physical injury of the CNS, 

hyperarousal and chronic hypoarousal (Haller et al., 2005; Haller and Kruk, 2006; 

Veenema and Neumann, 2007). Aggressive behavior can also be caused by stress or 

external factors. For example, in rats, manipulations of the environment such as 

immobilization, isolation, sleep deprivation may increase aggressive behavior (Pucilowski, 

1987; Eichelman, 1992; Veenema and Neumann, 2007). 

Attacks of aggressiveness are accompained by autonomic hyperexcitation and 

affective reactions, such as rage (uncontrollable rage attack at the smallest stimulus). 

Aggressiveness due to hypoarousal is  accompained by low plasma glucocorticoid levels, 

reduced autonomic responsiveness (instrumental aggression, aiming to achieve a goal, 

planned). In rodents, hyperexcitation seems to be present in animals that are frustrated 

or instigated before aggressive interaction (Haller et al., 2005; Haller and Kruk, 2006). 

 

1.3. Animal models of stress 

A model can be defined as a non-human organism that reproduces or expresses 

some aspect of human functioning (Yan et al., 2010). Animals models are generally used 

in research to mimic physiologic or pathophysiological precesses and possible treatments 

(Willner et al., 1992; Willner 1997; Willner and Mitchell, 2002; Cox et al., 2016). 

Specifically, psychiatric illnesses such as depression and anxiety didorders, are 

highly complex to be mimicked in animal models (Willner at el., 2005; Chaouloff, 2013). 

There is also a large individual variability of behavioral and physiological responses to the 

same stressor (Anisman and Matheson, 2005). As most animal models are validated for 

rodents behavioural characteristics are tipically attributed to these species (Lezak et al., 

2017). 

In this way, models seek to simulate particular features according to the 

experimental design of each study (Willner et al., 1992). To validate an animal model of 

psychiatric disorders, four criteria should be considered: face validity (similarities in 

pathophysiology between model and disease), etiological validity (similarities in etiology), 

construct validity (similar neurobiological basis) and predictive validity (correspondence 

between therapeutic efficacy in the model and in the clinic) (Willner, 1997; Anisman and 

Matheson, 2005; Yan et al., 2010; Wiborg, 2013; Czéh et al., 2015; Willner, 2016; Yin et 

al., 2016; Lezak et al., 2017). Steimer (2011) added another criterion, population 

validity, which refers to the proportion of disease occurrence in humans (Steimer, 2011). 
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Despite the numerous attempts to create a model that represents as closely as 

possible a psychiatric illness, some difficulty exit, such as the effect of the proper 

handling of animals by researchers (Yan et al., 2010). No model described to date is 

capable of covering all these criteria (Czéh et al., 2015). Thus, the choice of the model 

depends on the specific aims of the study, including etiology, behavior and therapies 

related to the disease of interest (Lezak et al., 2017). 

Animal models of stress are tipically generated by the exposure of the animals to 

stressors (social and non-social) that result in behavioral changes that can be reversed by 

clinically-effective medications (Willner and Mitchell, 2002; Slattery and Cryan, 2017). 

Subjective symptoms (only assessed by verbal reporting) are not mimicked (suicidal 

thoughts, feelings of worthlessness and guilt). In contrast, signs that can be operationally 

defined, such as weight loss, behavioral changes, are more easily represented in animal 

models (Willner et al., 1992; Czéh et al., 2015). Therefore, the desirable characteristcs in 

an animal model of psychiatric disease are: to respond appropriately to treatment drugs, 

realistic conditions of induction and to model a central symptom of the disease (Willer et 

al., 1997; Wiborg, 2013; Bali and Jaggi, 2014). 

 

1.3.1. Acute models of stress 

Animals need to deal with predators. Each specie has a strategy to avoid this 

contact or to be the winner of a possible confrontation, since failure to succeed in this 

relationship may lead to death. Smell is a relevant sensory input, especially in rodents, to 

signal and provoke innate physiological fear responses. Thus, exposing the animal to the 

smell of the predator is considered a stress model, which leads to behavioral changes, 

such as agitation, freezing and escape attempts. An example is rodent exposure to a 

cotton or cloth soaked with cat urine (Hegab and Wei, 2014. 

Genetic models have been described in literature. However, psychiatric diseases 

have not been attibuted to single gene mutations (Wiborg, 2013). Though several models 

have been developed, they focus on changes of receptors (knockout mice for adrenergic 

alpha receptors - α2A), the overexpression of and increased binding protein in response 

to 3'5' adenosine monophosphate (cAMP), among others (Yan et al., 2010; Wiborg, 

2013). These modifications occur throughout the body and not only in the most relevant 

areas of the CNS. They continue to be used only because of their possible constructive 

and etiological validity (Czéh et al., 2015). 
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Based on associated HPA axis changes, knockout mice for glucocorticoid 

receptors or type I or type II CRH recepetor were created (Yan et al., 2010; Wiborg, 2013; 

Czéh et al., 2015). Another theory used to develop genetic modified animals is about the 

role of neruotrophic factors (BDNF), which influenced the creation of heterozygous 

knockout mice for BDNF. However, these animals did not show changes in the elevated 

plus maze test (EPM), forced swimming test (FST) and sucrose preference (Czéh et al., 

2015). 

Another type of animal model is generated trough the use of drugs that are agonist 

or antagonist of neurotransmitters or hormones known to play some role in the 

pathophysiogy of stress-related conditions (Yan et al., 2010), these include CORT, 

monoamines or abstinence from abuse drugs (amphetamine and cocaine; (Czéh et al., 

2015), and cytokines (Yin et al., 2016). These models have predictive validity, but their 

construct validity is questionable (Yin et al., 2016). 

There also is a surgical model of depression, in which the olfactory bulb is 

removed bilaterally. This surgery results in endocrine, immunonogical and 

neurotransmitters abnormalities, leading to behavioral changes similar to those of 

depression in humans, such as learnig and memory deficits, increase nocturnal activity, 

hyperactivity in social interaction, but there is not reported of anhedonia. These 

alterations may be reversed by the chronic use of antidepressants. This model has a 

good and face validity, but no etiological and construct validity (Czéh et al., 2015; Yin et 

al., 2016). 

Underwater trauma is a model associated with anxiety-like behavior (Cohen et al., 

2003) and spatio-temporal memory deficits (Wang et al., 2000). It is usually combined 

with an associative factor, that acts as a reminder (such a scent) to mimic anxiety 

disorders and PTSD. The protocol consists of exposing the animal the smell and then 

placing it in a tank (50x15 cm, with 40 cm of water at 22 ± 2ºC). After 5 minutes of free 

swimming the animal is held under water for 45 seconds using a metal net (20x20x15 

cm. (Ardi et al., 2016). Thereafter, the smell starts trigerring long-term anxiety-like 

behavior and fear changes (Ardi et al., 2016). 

The simple prolonged stress model involves a sequency of stressors: 2 hours of 

movement restraint followed by 20 minutes of forced swimming and shortly after a brief 

exposure to ether until loss of consciousness occurs (Lezak et al., 2017; Souza et al., 

2017). In the end, animals present retention of the extinction of impaired learning, 
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persistent conditioned fear response, sleep disturbance, excitement, spatial memory 

deficit and recognition, diminished social interaction (Souza et al., 2017). 

 

1.3.2. Chronic stress models 

Katz and colleagues, in the early 1980s, described a protocol that consisted of 

exposing rats to differen severe stressors sequentially. It was demonstrated that animals 

exposed to this protocol displayed behavior changes reversed by chronic treatment with 

antidepressants. In addition, these animals did not increase sucrose or saccharin intake, 

which was found to reflect a decrease of hedonic behavior (Katz and Sibel, 1982; Slattery 

and Cryan, 2017; Willner, 1997, 2016; Willner et al., 1992) 

This model was adapted, for ethical reasons, mitigating the suffering of animals, 

using the measure of hedonic behavior (Willner, 1997, 2005). It was later called CUMS, 

beacause it was associated with behavioral changes that lasted several weeks, was 

difficult to habituate and no individual stressor are considered severe (Willner, 1997, 

2005). It involves a chronic sequential application of a variety of mild stressors, which 

may be combined in several ways (wet or inclined housing, light/dark cycle change, 

deprivation of water or food, movement restraint, foot shock, oscillations, cold, noise, 

social isolation, amog others; Lezak et al., 2017; Pryce and Fuchs, 2016; Toth and 

Neumann, 2013; Willner, 1997). Animals undergoing to this protocol are slightly stressed 

for 1 to 3 weeks (Willner, 1997). 

This model has good etiological validity in relation to human depression. Small 

day-to-day stress may be an important risk factor for triggering depression, and this 

model offers a reliable for this scenario. From this perspective, it may have constructive 

validity (Willner et al., 1992). It allows full control of stressors and animals (Palmfeldt et 

al., 2016) 

Followinhg CUMS, animals show a reduction in reward sensitivity; decreased 

sexual, aggressive and exploratory behavior; decrease in active wakefulness during dark 

phase, reduction of the social interaction. In,addition, they may have sleep disturbance, 

lower body weight gain and increased activity of the HPA axis (Hill et al., 2012; Lezak et 

al., 2017; Pizzagalli, 2014; Toth and Neumann, 2013; Willner, 1997, 2005; Yan et al., 

2010; Yin et al., 2016). These alterations indicate that this model has face validity 

(Willner, 1997, 2005; Willner and Mitchell, 2002; Willner et al., 1992). Yet these changes 

may be reversed by chronic antidepressant treatment, which demonstrates predictive 

validity (Willner, 2005; Willner et al., 1992; Yan et al., 2010). In this way, the model is 
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commonly used to study of depressive-like behavior in rodents (Hill et al., 2012; Wiborg, 

2013; Yan et al., 2010). 

However, CUMS has some disadvantages, such as its laborious application, which 

demands long duration and adequate space and its difficult replication. Besides that, 

prologed exposure to stress due to the various types of stressors creates barriers to 

ethical approval when compared to other models (Lezak et al., 2017; Slattery and Cryan, 

2017; Wiborg, 2013; Yan et al., 2010; Yin et al., 2016). 

Features related to learnig experiences can be evaluated, being an important tool 

to estimate coping strategies, that is, individuals that undergo stressful situations may 

have difficulty controlling unpleasant stimului and lose the willingness or ability to avoid 

future stressful events (Anisman and Matheson, 2005; Willner et al., 1992; Yan et al., 

2010; Yin et al., 2016. 

Another well-established animal model is learned helplessness, through 

uncontrollable electric shock (physical stress; Anisman and Mathseon, 2005; Bali and 

Jaggi, 2014; Willner et al.,1992; Yan et al., 2010). This protocol consists of three phases: 

induction, recovery and testing. In the induction phase the animals receive unescapable 

foot or tail shocks. They then undergo a recovery phase consisting of a period of 24h 

between the induction phases. Finally, the animal is exposed to a shock and it is allowed 

to escape to a safe compartment. The shock lasts for 3 seconds, followed by 30 secons 

interval, being repeated for 30 times for 3 consecutive days. Control animals soon look 

for an outlet to escape. However, animals that have been through the induction phase do 

not try to escape, as if accepting the inevitable stresor (Yacoubi and Vaugeois, 2007; Yin 

et al., 2016). 

This model causes behavior changes such as learning difficulty, anhedonia, sleep 

disturbance, reduction of body weight and sexual behavior as well as high levels of CRH 

and CORT (Anisman and Matheson, 2005; Willner et al., 1992; Yan et al., 2010). It also 

appears to have good face and predictive validity, since induced alterations are similar to 

stress-related disorders and may be reversed by antidepressants (Yan et al., 2010). One 

of its main disadvantages are the short duration of the signal. Some strains of animals 

have different susceptibility to learned helplessness and this model can be performed in 

different ways in various laboratories (different intensities, duration and pattern of shock. 

Yan et al., 2010; Yin et al., 2016). 

Another commonly used animal model is social defeating, based on the natural, 

ethological behavior in rodents, resulting in a physical and psychological stress (Czéh et 
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al., 2015; Huang et al., 2016; Lezak et al., 2017; Pryce and Fuchs, 2016). This model 

consists of introducing an experimental animal into the housing of another (housed alone 

or with a female;), causing an attack of the resident animal to the intruder (Yan et al., 

2010). This model is based on territorial behavior of rodents (Hammels et al., 2015; 

Pryce and Fucs, 2016). After a few minutes of physical interaction, the animals are 

separated by a plastic partition with hole to allow visual, olfactory and auditory contact for 

24h. The defeated animal (experimental) is submitted to different daily aggressors 

(Chaouloff, 2013; Lezak et al., 2017; Slattery and Cryan, 2017; Yan et al., 2010). This 

protocol can be applied only once (acute) or for several days (chronic). 

This procedure may lead to behavioral changes in defeated animals, such as 

reduction of social interaction, anhedonia, anxiety-like behavior, decrease of learning and 

memory. These alterations are accompanied by physiological, neuroendocrine and 

neurobiological changes that can be reversed by antidepressant treatment, thus, showing 

predictive validity for depression (Chaouloff, 2013; Hammels et al., 2015; Lezak et al., 

2017; Slattery and Cryan, 2017; Wiborg, 2013; Yan et al., 2010). 

It is also known that it may play an important role in the pathogenesis of psychotic 

disorders and use of abuse drugs (Hammels, et al., 2015). Decreased social interacion is 

present in diseases as depression, panic syndrome, social phobia, PTSD (Chaouloff, 

2013) and bullying (Huang et al., 20016). However, this model also has disadvantages. 

For example, males are predominatly used, since females do not fight in the resident-

intruder context (Chaouloff, 2013; Hammels et al., 2015; Lezak et al., 2017; 2017; Yan 

et al., 2010). Another disadvantage is that the stress response is determined by both the 

stressor's perception of the subordinate animal and the behavior of the dominant animal. 

Thus, it is necessary to quantify the agonistic behavior of each encounter. It is important 

to evaluate the aggressor behavior to include it or not in the procedures (Chaouloff, 

2013; Hammels et al., 2015). In addition to presenting the animal's risk to injury, it also 

makes it difficult to perform procedures that need to be tied to the animal (Lezak et al., 

2017). 

There are other models of social stress, but these are less commonly described in 

the literature, such as social instability, where males animals spend every day in a 

different female housing. Another exampe is the visible burrows system, where males 

and females are placed in a cage that mimics a burrow in a natural environment. Thus, 

this model allows the determination of the social position of each animal, interaction 
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between dominants and subordinates and evaluation of the psychological and 

neuroendocrine changes resulting from this relationship (Chaouloff, 2013) 

Another model of social stress is social isolation, where the animal is housed 

alone in housing for few week. This model provokes anxiety- and depressive-like behavior, 

social memory deficit, aggressiveness, being reversed by chronic treatment with 

antodepressants. Some models use a combination between a social and a non-social 

stress. In this way, a more promising translational approach can be represented. The 

most common non-social stressors are foot shock and movement restraint. Social ones 

are social isolation, social instability, socail defeat, consitioned defeat, chronic 

accomodantion in subordinate colony (Ménard et al., 2016; Olivier and Mos,1992; Perna 

and Engelmann, 2017). 

Immobilization is also considered a stress model in rodents. This procedure 

consists in immobilizing the four legs and the hed of the animal. It may be applied acutely 

or chronically depending on the protocol. It is considered a mixed stressor, with physical 

(animal makes an effort, struggles to escape) and psychological stressors (being 

immobilized and exposed to an open aerea). Usually, this procedure is combined with 

other stressors, but its intesity can not be altered. This model has been widely used in the 

study of neurodegeneration, PTSD and alteration of immune system induced by stress 

(Bali and Jaggi, 2014). 

Stress by movement restraint is also a widely used model. It is considered a more 

tenuous form of immobilization. The animal is placed in a plastic tube or wire apparatus, 

where its movement is quite restricted for a variable period of timr (15 min to 6 h; Bali 

and Jaggi, 2014; Toth and Neumann, 2013; Xu et al., 2012). It can be applied acutely or 

chronically (repeated for days pr weeks), promoting increased anhedonia and anxiety-like 

bahavior, learning and memory deficits, social avoidance, motivational deficits, BDNF, 

growth neural factor and neurotrophin-3 decrease and change in markers of synaptic 

plasticity (Pizzagalli, 2014; Toth and Neumann, 2013; Xu et al., 2012). These alterations 

may be reversed by antidepressant treatment (Toth and Neumann, 2013; Xu et al., 

2012). 

Stress models applied during the prenatal period, childhood or adolescence have 

also been developed in order to verify their consequences in adult life. Environment 

changes during the postnatal period affect the normal development of the animal, and 

may lead to important physiological deficits in behavior (Depino, 2017). For example, 

during pregnancy the female is usually exposed to movement restraint, foot shock or an 
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inflammatory challenge where the maternal immune system is activated. Stressors are 

usually given one to three times a day during the last gestational week. As a result, pups 

have increased irritability, sleep, eating and emotional disturbances as children or 

adolescents (Lezak et a., 2017). 

The maternal separation model is widely used for this purpose. Pups are 

separated from the mother from 1 to 24 h, between the post-natal 2 to 12 (Bali and 

Jaggi, 2014; Czéh et al., 2015; Slattery and Cryan, 2017). In addition to maternal 

deprivation, another way of studying stress during childhood is to apply the social 

isolation model during growth (after weaning). It has been demonstrated that this type of 

stress causes changes in exploratory behavior (Bali and Jaggi, 2014). 

Another animal model of depression described in the literature is to induce 

anhedonia by treatment with antidepressant clomipramine in the neonatal period, which 

causes several changes in the animals when they reach maturity, However, this method 

remains obscure because its data are not reported in detail, so it is difficult to affirm that 

there were changes in the reward sensitivity and consequently to relate the etiology of 

depression in humans (Willner et al., 1992). 

Juvenile stress is another model described for studying adversities feced in 

childhood. This protocol consists of three stressors applied during 3 consecutive days 

(postnatal days 27 to 29). On the first day, the animal is submitted to 10 min of forced 

swimming (water temperature at 22 ± 2ºC). On the second day, it is placed on a raised 

platform 3 times for 30 min each (12x12 cm platform, 70 cm rom the ground). On the 

third day, animal receive 2h of movement restraint (Ardi et al., 2016). 

 

1.3.3. Behavior tests 

Tests are also used to measure performance or evaluate the effects of genetic, 

environmental or pharmacological manipulations (Czéh et al., 2015; Yan et al., 2010). 

Some tests are widely used even though their usefulness is questionable (Czéh et al., 

2015). Tests that take into account spontaneous behavior can reduce the need for 

motivators and decrease the level of stress produced by the test itself(168). They take into 

consideration exploratory, anxiety- and depressive-like behviors brought by stress 

exposure (Hånell and Marklund, 2014). 

For a good interpretation of the test, it is fundamental to understand the cause of 

the observed behavior. One should always pay attention to environmental conditions 

where the test will be carried out in order to avoid unwanted external influences, such as 
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lighting, noise, odors, cleaning of the apparatuses. Behavior variability is always present, 

ocurring due to a combination of genetic, environmental and experiential factors (Hånell 

and Marklund, 2014). 

One of the most commonly used test to evaluate depressive-like behavior is the 

forced swimming test. It is based on observation of the strategies chosen by rodents to 

deal with an inescapable aversive situation. During this test, animals may choose active 

(swimming or cllimbing) or passive (posture of immobility, fluctuation) strategies 

(Commons et al., 2017). The animal is placed in a cylinder with water, where it cannot 

touch the bottom or reach the border (Hammels et al., 2015; Yan et al., 2010). It has 

been developed for studies that evaluate the effect of new drugs (Commons et al., 2017; 

Yacoubi and Vaugeois, 2007; Yan et al., 2010). The advantages of this test are low cost, 

fast and reliable applicability and the fact that it can be automated, allowing a rapid 

analysis (Yan et al., 2010). It has predictive validity (Commons et al., 2017). 

Disadvantages are a low face validity, that is, the behavior evaluated is not so 

similar to that presented by humans (Commons et al., 2017; Yan et al., 2010; Yin et al., 

2016). Its construct validity is weak, since it measures the coping strategy upon an acute 

stress that may be important for other pathologies besides depression (Commons et al., 

2017). The use of immobility as behavioral despair is problematic, as it can also be 

interpreted as a resting strategy, to save energy to try to escape again, or even freezing 

related to fear (Commons et al., 2017; Yin et al., 2016). 

Another commonly used test is the tail suspension test, which has the same 

theoretical basis as FST. In this test mice are suspended using an adhesive tape to a 

horizontal bar for 6 min. The time of immobility is measured (Yacoubi and Vaugeois, 

2007; Yan et al., 2010; Yin et al., 2016). Usually, the suspended animal tries to escape. 

The advantages and disadvantages of this test are similar to those of the FST (Yan et al., 

2010; Yin et al., 2016). One important disavantage is that mice can cling to the front legs 

and climb to the bar (Yan et al., 2010). 

Anhedonia is widely used as a measure of depressive-like behavior. Analysis of 

preference for sweet solutions is often used as a measure of anhendonia (Chaouloff, 

2013; Slatery and Cryan, 2017; Yin et al., 2016). The classic procedure for this test is to 

provide sucrose or saccharin, hoping that the animal, under normal conditions, would 

prefer to drink the sucrose solution. The index of preference for the sweet solution is 

given in a ratio of consumption of two solution bottles (Chaouloff, 2013; Slattery and 
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Cryan, 2017). It is worth notinh that the calculated index may not discriminate between 

consummation/appetite and motivational/decision making processes (Chaouloff, 2013). 

Another test that evaluates anhedonic behavior is the smell of female urine. In this 

test, males are given a cotton with water and one with female urine. Animals in normal 

conditions spend more time smelling the cotton with urine, as it contains female 

pheromones (Slattery and Cryan, 2017). 

Stress models that induce anxiety-like behavior are evaluated by measuring mainly 

approximation or avoidance, based on surveillance and defense attitudes (Lezak et al., 

2017). For example, the novelty suppressed feeding (NSF) test is used both to evaluate 

anxiety-like behavior and anhedonia, that is, it takes into account the conflict between 

the reward of eating something more palatable or the need and apprehension to explore 

a new environment. The animal is placed in a totally new environment with some 

available palatable food and the latency of the animal to start eating is measured. This 

test is sensitive to treatment with antidepressant drugs (Lezak et al., 2017; Slattery and 

Cryan, 2017; Yan et al., 2010). 

The open field test (OFT) was originally described to evaluate exploratory behavior 

of rodents in a new environment (locomotor activity/delimited quadrants). The 

parameters measured in this test are: locomotor activity - numbers of quadrants traveled, 

numbers of surveys (rearing), fear - time of immobility, anxiety - time spent in the central 

or peripheral region of the arena, among others (Bali and Jaggi, 2014; Crawley, 1985; 

Lezak et al., 2017). 

The elevated plus maze (EPM) test is also a test for measuring anxiety-like 

behavior. It combines the natural preference of rodents for dark places and aversion to 

illuminated, open and elevated spaces. It consists of two closed arms opposite two open, 

cross-shaped arms raised from the ground. The most observed parameters are: time 

spent and number of open and or closed arm entries. The more the animal explores its 

open arms, the lower its anxiety level (Ferguson and Maier, 2013; Lezak et al., 2017). 

Another method for assessing behavior changes induced by stress is the social 

interaction test (S Int). It was designed to measure a natural form of behavior using 

rodent ethological resources. This test is performed in the OFT arena, where two unknown 

animals of the same species are obeserved for 5 to 15 min, with none of them having 

established territory. The decrease in the interaction between them indicates social 

avoidance (Crawley, 1985; File and Seth, 2003; Toth and Neumann, 2013). 

Environmental conditions influence the results, so one should take into account the 
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lighting, sounds and familiarity with the arena. It is interesting to house animals 

individually at least for a period prior to their completion, because social isolation 

increases the interaction time (Crawley, 1985; File and Seth, 2003). 

The interaction parameters measured are active and passive interaction, 

avoidance, immobility, grooming, sniffing, chasing, crawling under the other, among 

others (Bali and Jaggi, 2014; File and Hyde, 1978). Sexual and aggressive behaviors are 

rare (biting, kicking, boxing, fighting, pinching; File and Hyde, 1978). One of the 

advantages of this test are that it does not require animal training or food or water 

deprivation (File and Seth, 2003). However, free interaction between the animals may be 

difficult to distinguish (Toth and Neumann, 2013). Although there are differences in 

social behavior between rats and mice, rats are less territorial and aggressive compared 

to mice (Ellenbroek and Youn, 2016). 

Other ways of assessing stress response are through measures of physiological 

changes via external CNS markers. For example, evaluating the levels of CORT and ACTH. 

CORT is a good marker of mild to moderate acute stress due to HPA axis adaptation. 

However, the measurement of ACTH has a direct relationship with the intensity of stress. 

As the stress intensity increases, its concentration in the plasma also increases (Bali and 

Jaggi, 2014). 

Another commonly used external marker is body weight, being considered as an 

important stress-induced physiological change both animals and humans. The weight of 

the adrenal gland is also widely used because it is part of the HPA axis and the 

sympathetic-adrenomedullary system. In general, exposure to chronic stress leads to 

atrophy of the glomeruli zone. Nonetheless, an enlargement of the adrenal gland occurs 

due to hypertrophy and hyperplasia of the zona fasciculata (Bali and Jaggi, 2014). 

Gastric ulcer is another important alteration found after chronic stress exposure. 

The activation of the sympathetic-adrenomedullary system reduces blood flow to the 

gastric mucosa, leading to hypoxia and/or ischemia, which can lead to erosive 

hemorrhagic lesions (Bali and Jaggi, 2014). 

 

1.4. Justification 

Currently, CUMS is the most widely used model in the literature to study the 

effects of chronic stress in the CNS. This model, however, has disadvantages as difficult 

reproduction, even within the same laboratory. Moreover it is costly in terms of the 
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number of animals necessary for standardization of anhedonic type behavior (Hamani et 

al., 2012; Hamani and Temel, 2012). 

Another chronic stress model deeply used is the repeated restraint stress. Several 

groups have shown that rats with restricted mobility for 6h/day for 3 weeks not only 

develop depressive-like behavior but also have cerebral pathology similar to that 

observed in patients with chronic stress and depression (Bloss et al., 2010; Eiland and 

McEwen, 2012; Hill et al., 2009; Macedo et al., 2015; Tynan et al., 2010). However, one 

of the problems of this model is the lack of variability, which may lead to predictability 

(Melia et al., 1994; Xu et al., 2012). 

Therefore, the development of a chronic unpredictable stress model that specially 

has a simpler reproducibility and still maintains behavioral and neurobiological changes 

as well as responds to antidepressant treatment is essential to support a better 

understanding of the consequences of exposure to chronic stress, as well as new forms 

of treatment. 

 

1.5. Hypothesis 

We will test whether restrain stress of variable duration induces anxiety-, 

anhedonic- and depression-type behaviors. We also hypothesiza that restrain stres of 

variable duration will lead to neuroinflammation, an increase in the plasma CORT level, 

alterations of neurotransmitter concentrations (5-HT and DA), synaptic plasticity changes 

in several areas of the CNS. 

 

1.6. Objectives 

1.6.1. General objectives 

To establish a simple and reliable model of chronic stress while maintining 

uncontrollability and unpredictability. 

 

1.6.2. Specific objectives 

To quantify plasma CORT levels in rats submitted to the model of chronic 

unpredictable stress by movement restraint. 

To measure pro and anti-inflammatory cytokine concentration in the hippocampus 

of rats submitted to the model of chronic unpredictable stress by movement restraint. 

To evaluated anhedonia, anxiety- ande depressive-like behaviors in rats submitted 

to the model of chronic unpredictable stress by movement restraint. 
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To verify the social behavior in rats submitted to the model of chronic 

unpredictable stress by movement restraint. 

To quantify SYN concentrations in the PFC, hippocampus, amygdala and NAc in 

rats submitted to the model of chronic unpredictable stress by movement restraint. 

To analyze 5-HT and DA concentrations in the PFC, hippocampus, amygdala and 

NAc in rats submitted to the model of chronic unpredictable stress by movement 

restraint. 

To assess the role of serotonergic, dopaminergic and GABAergic system in thw 

behavioral changes observed NAc in rats submitted to the model of chronic unpredictable 

stress by movement restraint. 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 2 
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In this chapter we describe the methodology common to the four experiments. 

Experiments 1 and 2 will be presented in chapter 3, and experiments 3 and 4 will be 

presented in chapter 4. In each chapter a brief introduction, the specific methods, results 

and discussion will be described. 

 
2. MATERIALS AND METHODS 

This study was carried out in two experiments approved by the Ethics Committee 

on Animal Use (CEUA) of the Universidade Federal de São Paulo, following ethical 

standards of the National Council for Control of Animal Experimentation (CONCEA) under 

protocol number 4384140316. 

 
2.1. Chronic stress protocol with variable duration movement restraint  

Upon arrival in the animal facility rats were allowed one week of acclimatation 

during which they were handled daily. Thereafter, stressed animals were placed in a 

suspended plastic tube with 6.5 cm in diameter and 21 cm in lengh, with a guillotine door 

in one end and wire mesh for ventilation in the other. 

Rats were kept inside the tube for 2, 4 or 6 h/day during 3 weeks (Table 1), except 

for the weekends. The duration of each stress session was randomly established. On 

Fridays, animals were restrained for 2 h, after which they were weighed. This ensured 

that all animals were submitted to the same stress duration in the end of the protocol. All 

sampling procedures and behavioral testing took place 72 h after the end of the protocol, 

because we intented to avoid a residual effect of restraint and determine whether our 

modified protocol could produce enduring effects, e.g., if the changes would persist 

beyond the end of the chronic stress.  

 
Table 2 – Schedule of the chronic stress by movement restraint with variable duration 

Restraint Monday 
(h/day) 

Tuesday 
(h/day) 

Wednesday 
(h/day) 

Thursday 
(h/day) 

Friday 
(h/day) 

1st week 6 2 6 4 2 

2nd week 4 6 2 6 2 

3rd week 2 6 4 6 2 
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3. STUDY 1 -  CHRONIC UNPREDICTABLE RESTRAINT INCREASES HIPPOCAMPAL 

PROINFLAMMATORY CYTOKINES AND DECREASES MOTIVATED BEHAVIOR IN RATS 

 

3.1. Introduction 

Stress can be defined as any stimulus that represents a real or virtual threat to 

homeotasis (Hegab and Wei, 2014; Mastorakos and Pavlatou, 2005; McEwen, 2006). 

When stress becomes chronic, it may exceed the body's ability to deal with the situation 

(Anisman and Matheson, 2005; Bali and Jaggi, 2015). Evidence shows that response to 

chronic stress in laboratory animals increases corticosterone (CORT) and 

adrenocorticotropic hormone (ACTH) levels, as well as activity of corticotropin-releasing 

hormone (CRH) neurons (de Kloet et al., 2005; Suri and Vaidya, 2013) . Ultimately, it also 

leads to amygdala activation, reduces hippocampal neurogenesis and brain-derived 

neurotrophic factor (BDNF) levels (Leuner and Shors, 2013; Suri and Vaidya, 2013). 

These features are associated and represent a risk factor for the development of 

depression (Ogłodek et al., 2014). Increased glucocorticoid concentrations may also 

activate microglia in the thalamus, hypothalamus, hippocampus, substantia nigra and 

central gray matter (Réus et al., 2015; Sierra et al., 2014). This leads to a release of 

inflammatory mediators, such as prostaglandins, cytokines and chemokines that further 

potentiate responses of the hypothalamic pituitary adrenal (HPA) axis, particularly the 

release of interleukin 1β (IL-1β) into the hypothalamus (Wohleb et al., 2014). Therefore, 

chronic stress may have pathological consequences (García-Bueno and Leza, 2008; 

McEwen, 2006; McEwen et al., 2015; Roy et al., 2014), being associated with anxiety 

disorders, depression and dementia (Bali and Jaggi, 2015; Chaouloff, 2013; Hammels et 

al., 2015; Hill et al., 2012).  

Animal models are essential for the study of pathophysiological changes and the 

development of new treatments for chronic stress-associated conditions (Bali and Jaggi, 

2015). The stress concept includes two main features: uncontrollability and 

unpredictability (Koolhaas et al., 2011). Currently, the most commonly used stress 

paradigm involves the administration of chronic unpredictable mild stress (CUMS; 

Bambico et al., 2015; Hamani and Nobrega, 2012; Katz and Sibel, 1982; Willner, 1997, 

2005). This model, however, presents some disadvantages including its laborious 

application (Yan et al., 2010) and the demand for a proper experimental setting (Yin et 

al., 2016). Moreover, its replication is difficult due to the need for reliably reproducing 

accurate procedures over a long period of time (Slattery and Cryan, 2017). 
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Reproducibility is sometimes a problem, even when experiments are conducted by 

different investigators in the same laboratory (Lezak et al., 2017; Yan et al., 2010). 

Finally, the establishment of a stable baseline for sucrose preference after stress makes 

this protocol excessively long, often lasting several weeks. This ultimately creates barriers 

for ethical approval and makes the model somewhat cumbersome from a practical 

perspective (Yan et al., 2010; Yin et al., 2016). 

Another commonly used protocol is chronic movement restraint, which is simple 

and easily replicable (Harris, 2015). As with CUMS, chronic movement restraint offers the 

advantage of uncontrollability, since the animal cannot escape this situation. Several 

groups have demonstrated that rats submitted to 3 weeks of movement restraint for 6h 

not only develop anxiety- and depressive-like behaviors but also present morphological 

brain changes that emulate those observed in chronically stressed and depressed 

patients (Bloss et al., 2010; Eiland and McEwen, 2012; Hill et al., 2009; Macedo et al., 

2018; Tynan et al., 2010). One of the problems with this mode is predictability, which 

may lead to habituation (Melia et al., 1994; Xu et al., 2012).  

In this study, we modify the chronic restrain paradigm to establish a simple and 

reliable model of chronic stress while maintining uncontrollability and unpredictability. 

 

3.2. Materials and methods 

 

3.2.1 Animals 

A total of 87 adult male Wistar rats were used. The animals weighed 250-280 g at 

the beginning of the experiments. They were single housed for the entire period with food 

and water provided ad libitum under a 12/12 h light/dark cycle (lights on at 7:00 h) and 

controlled room temperature (23 ± 1ºC). 

 

3.2.2. Experimental design 

Two experiments were conducted with the animals being divided in two groups: 

Experiment 1 - Control (CTL, n = 10) and Restraint (REST, n = 18); Experiment 2 - CTL (n = 

26) and REST (n = 33). The sample size in Experiment 2 was made up from 3 

replications. All animals were weighed in the beginning of the experiment and in the end 

of each week of restrain (Figure 2). 
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Figure 2 - Experimental design of the Experiment 1 and 2. SNCT - sucrose negative 
contrast test; NSF - novelty suppressed feeding; EPM - elevated plus maze; FST - forced 
swim test. 
 
 

3.2.3. Experiment 1 

Seventy-two hours after the end of chronic restrain stress, animals were 

decapitated. Trunk blood was collected and brains were removed and maintained in the 

ultrafreeze (-80oC) for later analysis. Blood samples were collected in 1.5 ml plastic tubes 

containing EDTA (7.5%) and centrifuged at 1290 x g for 20 minutes at 4ºC. Plasma was 

collected, frozen and stored at -20ºC for the later analysis of corticosterone levels. 

 

3.2.3.1. Corticosterone (CORT) plasma levels 

Samples were taken from the freezer 24h prior to quantification of CORT levels. 

After thawing, 100 µl of each plasma sample and standard curve samples (0, 10, 25, 

50,100, 250, 500 and 1000 ng/ml of corticosterone - Sigma-Aldrich) were transferred to 

borosilicate glass tubes and added 50 µl of internal standard (cortisol - Sigma-Aldrich - 10 

µg/ml in MeOH:H2O, 1:1, v/v + 0.1% formic acid) and 100 µl of protein precipitating 

ZnSO4 (1M). The tubes were vortexed for 30s and 1ml of diethyl alcohol was added to 

each tube. The samples were homogenized for 60s and centrifuged for 5 min. Thereafter, 
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they were frozen for 40 min and the supernatant transferred to another borosilicate glass 

tube. Samples were then evaporated in the sample concentrator with compressed 

nitrogen for 20 min, resuspended with 100 µl of MeOH:H2O, 1:1, v/v + 0.1% of formic 

acid, vortexed for 10s, transferred to vials and sealed (Cabbia et al., 2018). CORT levels 

were determined in duplicate by high-performance liquid chromatography (HPLC - 

Shimadzu - Class VP) followed by mass spectometry (MS - Waters - Quattro Micro), using 

Phenomenex - Kinectex column (50 mm x 2.1 mm x 2.7 mm). The mobile phase 

consisted of MeOH:H2O (70:30) and was delivered at a flow rate of 0.15 ml/min (Li et al., 

2014; Samtani and Jusko, 2007). 

 

3.2.3.2. Hippocampal cytokines levels 

Brains were removed and frozen at -80ºC. The hippocampi were dissected, 

weighed and homogenized in 0.01M Tris-hydrochlride solution (pH 7.6) containing 5.8% 

sodium chlorine, 10% glycerol, 1% Nonidet P 40 (NP-40), 0.4% ethylenediamine 

tetraacetic acid (EDTA) and inhibitors of proteases (cat# M222-1ml; lot# 1295C056; 

Amresco) and phosphatases (cat# B15001-A e B; lot# 510011; Biotool). This dilution was 

performed in a 3:1 ratio. 

The MILLIPEX® MAP Rat Cytokine/Chemokine Magnetic Bead Panel (cat# 

RECYMAG-65K; lot# 2854609) kit and MAGPIX® equipment were used to quantify IL-1α, 

IL-1β, IL-2, IL-6, IL-10 e TNF-α levels. 

A 96 well plate was sensitized with 200 µl of the buffer solution supplied by the 

manufacturer under agitation for 10 min at room temperature between 20-25ºC. 

Subsequently, 25 µl of standard solution, 25 µl of buffer solution, 25 µl of the solution 

containing the cytokines beads and 25 µl of sample solution (hippocampal homogenized 

solution) were added in each well. The plates were incubated at 4ºC under agitation 

overnight and washed twice. Detection antibodies (25 µl) were added and incubated for 

1h, following which 25 µl of Streptavidin-Phycoerythrin were added and incubated for 

another 30 min under agitation at room temperature. The plate was again washed twice 

and 125 µl of Drive fluid was added under agitation for 5 min and the plates were placed 

in the MAGIPIX® equipment and red by Luminex technology. 

After this procedure, total protein levels were determined with the Bradford 

method for normalization of cytokines levels. Homogenates were diluted in distilled water 

in a proportion of 1:1000. The standard curve was prepared using albumin at 

concentrations of 0, 5, 10, 20, 40, 60, 80 and 100 µg/ml. Thereafter 10 µl of standard 
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and sample solutions were placed on a plate with 250 µl of the Bradford solution (Bio-

Rad). The Biotek reader was used to read at the 595 nm wavelenght, with the blank 

reading being subtracted from the standard curves and samples. For the linear 

regression, absortion values of the standard curve were used. In order to obtain total 

protein concentrations, calibration curve interpolation and dilution correction were 

performed. 

 

3.2.4. Experiment 2 

 

3.2.4.1. Behavioral tests 

Forty-eight hours after the end of the stress protocol animals underwent the 

sucrose negative contrast test, novelty suppressed feeding, elevated plus maze and 

forced swimming test with a 24-h interval between tests (Figure 2). Behavioral tests and 

neurochemical assays were conducted in different groups of animals so that the tests 

would not interfere with the analyses. 

 

3.2.4.1.1. Sucrose negative contrast test (SNC) 

This test was performed in 3 consecutive days starting 72 h after stress. On the 

first and second days of testing, one bottle contained 200 ml of water and the other 

containing 200 ml of a 15% sucrose solution were offered to the animals. On the third 

day, the sucrose solution was changed to 2.1% (da Silva Rocha-Lopes et al., 2018; Verma 

et al., 2010). The bottles of sucrose solution and water were alternated daily to avoid a 

place preference bias. The bottles were weighed before and 24h after being offered to 

the animals to estimate the volume. This protocol does not require food or water 

deprivation and it is expected that animals reduce the intake of 2.1% solution (lower 

palatability), compared to the 15% solution. 

Sucrose preference was calculated as a ratio between the volumes of sucrose and 

liquid consumed. 

                    
                                   
                                  

      

 

3.2.4.1.2. Novelty suppressed feeding test (NSF) 

The NSF was performed in a 30 x 50 cm cage with 20 cm high walls. In the center 

of the box there was an 8 cm x 8 cm platform, 2 cm high, where a pallet of food was 
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placed. The room was maintained under brightly-lit (250 lux) and the animals were food-

deprived for 24h prior to testing. Each rat was placed in one corner of the box, being 

allowed to freely explore it. The latency for the animals to bite the pellet was recorded. If 

the animal did not eat during the test, a maximum duration of 600 s was attributed. 

 

3.2.4.1.3.Elevated plus maze test (EPM) 

Each animal was individually evaluated for 5 min in a wooden apparatus with four 

cross-shaped arms (2 open and 2 enclosed by 40 cm-high walls), 50 cm long, 10 cm wide 

and elevated 60 cm above the ground; each arm was dvided into 3 segments. Initially, 

the rat was placed in the 10 cm x 10 cm center square facing one of the open arms. The 

session was conducted under low lighting (10 lux) and controlled room temperature (22 ± 

2ºC). The following parameters were evaluated: entries in open (EOA) and closed arms 

(ECA, the animal's entry into an arm was considered only when it entered with all four 

paws in the segment), time spent in open (TOA) and closed arms (TCA) and segments 

crossed (each arm was divided into 3 segments, SOA and SCA). For each parameter, the 

results were transformed in percentage of exploration of the open arms, using the 

equation % = OA/(OA+CA). 

 

3.2.4.1.4. Forced swimming test (FST) 

The animals underwent two consecutive days of swimming in a cylinder filled with 

water (at approximately 25ºC) at a level that prevented them from reaching the bottom or 

upper borders (40 cm). On the first day of testing, they were placed in the water for 15 

min (training session). During the second testing day, animals were placed in the water 

for 5 min. The frequency of immobility, swiming or climbing was registered at every 5 s, in 

a total of 60 observations, as previously described (Hamani et al., 2014; Hamani et al., 

2012; Hamani and Nóbrega, 2010; Miragaia et al., 2018).  

 

3.2.5. Statistical analysis 

Weekly variation of body weight was calculated by the equation [(final weight – 

initial weight)*100] – 100. Statistical analysis of the body weight weekly variation and 

the sucrose preference was done with repeated measures two-way ANOVA with Group 

(CTL, Stress) and time as main factors (Week for body weight gain and Day for sucrose 

preference), followed by unprotected Newman-Keuls post-hoc analysis. Group 
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comparisons for all other parameters were performed by the Student’s-t test. A 

significance level of p ≤ 5% was considered for all tests. 

 

3.3. Results 

 

3.3.1. Experiment 1 

 

3.3.1.1. Change in body weight 

There were main effects of Group (F(1,26) = 19.608; p ≤ 0.0002), Time (F(2,52) = 

435.886; p ≤ 0.00001) and an interaction between Group and Time (F(2,52) = 9.924; p < 

0.0003). While animals both groups had an increase in weight over time, stressed 

animalsgained significantly less weight than controls on all weeks (p’s < 0.005; Figure 

3A).  

 

3.3.1.2. Neurobiological factors 

Chronic stress was associated with increased levels of almost all measured 

hippocampal cytokines compared to controls, except for IL-1α and TNF-α (nearly 

significant p < 0.09). These included IL-1β (t(26) = 3.002; p < 0.005), IL-2 (t(26) = 2.593; p 

< 0.02), IL-6 (t(26) = 2.093; p < 0.05), IL-10 (t(26) = 3.112; p = 0.005). These results are 

shown in Figure 4.  

There was no between groups difference in CORT levels 72h after the end of 

chronic stress protocol (t(23) = 1.183; p < 0.3; Table 3).  

 

3.3.2. Experiment 2 

 

3.3.2.1. Change in body weight 

In this experiment we found a significant Time effect [F(2,114) = 542.351; p < 

0.00001], with all animals gaining weight compared to the previous week (p’s < 0.0002). 

We also found a significant group effect [F(1,57) = 8.17; p < 0.006). Unprotected Newman-

Keuls test showed that REST animals gained less weight than CTL at all time-points (p’s < 

0.02; Figure 3B).  
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3.3.2.2. Behavioral tests 

In the SNCT, main effects of Group [F1,57) = 4,301; p < 0.05] and Time [F(2,114) = 

7.152; p < 0.002]. Unprotected post-hoc analysis revealed that only CTL animals 

consumed less 2.1% sucrose solution, compared to both 15% solution (p < 0.002) and to 

2.1% intake of REST rats (p < 0.002). These results are shown in Figure 5A. 

 

Table 3 - Results of corticosterone (CORT) levels, novelty suppressed feeding (NSF) and 
elevated plus maze (EPM) tests. 
CORT levels (ng/ml) 
Control 31.85 ± 19.69 

Stress 44.64 ± 28.73 

p-value 0.249 

 

NSF     Latency (s) 

Control 355.86 ± 136.73  

Stress 314.65 ± 154.072  

p-value 0.199  

   

EPM Open arms Closed arms % Open arms 

Entries    

Control 2.92 ± 2.17 7.50 ± 3.25 26.47 ± 16.33 

Stress 3.12 ± 2.01 8.18 ± 2.82 24.92 ± 14.10 

p-value 0.520 0.393 0.771 

Time (s) 

Control 33.53 ± 27.92 218.96 ± 45.57 14.06±13.79 

Stress 36.20 ± 24.95 211.62 ± 42.11 15.25±11.18 

p-value 0.435 0.299 0.359 

Segments crossed 

Control 9.46 ± 7.87 38.54 ± 13.21 18.48 ± 13.66 

Stress 10.52 ± 7.89 39.76 ± 12.17 19.50 ± 13.05 

p-value 0.612 0.976 0.771 

Results are presented as mean ± s.d. of 10 controls and 18 stressed animals/group for 
CORT levels, and 26 controls and 33 stressed animals/group for NSF and EPM. For the 
analysis of CORT and behavioral tests we have used the Student’s-t test and the Mann-
Whitney U-test, respectively. 
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Figure 3 - Chronic stress decreased body weight gain in Experiments 1 (A) and 2 (B). 
Experiment 1 included 10 CTL and 18 REST rats. Experiment 2 included 26 CTL and 33 
REST animals. * - difference from controls, p < 0.001; # - difference from the 1st week, p 
< 0.001; ‡ - difference from the 2nd week, p < 0.01 (two-way ANOVA repetead measures). 
Values are shown as mean ± s.e.m. 
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No differences between groups were observed in the NSF (latency to the first bite, 

t(26) 1.07, p < 0.3; Table 2) or in the EPM when CTL and REST animals were compared (% 

entries in open arms t(57) = 0.39, p < 0.70); % of time in open arms t(57) = 0.37, p < 0.8; % 

of segments crossed in open arms t(57) = 0.04; p < 1.00; Table 3). 

In the FST, REST animals had less swimming (t(57) = 4.117; p < 0.001) and 

increased frequency of immobility (t(57) = 3.884; p < 0.0003), with no differences being 

detected in climbing compared to CTL (t(57) = 0.04; p = 1.00; Figure 5B). 

 

3.4. Discussion 

We showed that chronic stress induced by movement restraint of variable duration 

reduced body weight gain, increased hippocampal cytokine levels, and altered motivated 

behaviors, assessed in the SNCT and FST. However, no changes were observed in CORT 

plasma levels and anxiety-like behavior. 

Physiological alterations, such as reductions in body weight gain and increased 

relative weight of the adrenal glands are indicative of chronic stress (Barsy et al., 2010; 

Di Liberto et al., 2017; Tan et al., 2017). Different types of chronic stress lead to smaller 

body weight gain, including subordinated rats in the visible burrow system (Tamashiro et 

al., 2007), chronic rapid eye movement sleep restriction (da Silva Rocha-Lopes et al., 

2018), chronic unpredictable mild stress (Riaz et al., 2015), social defeat (Barsy et al., 

2010) and repeated restraint stress (Chiba et al., 2012; Chotiwat et al., 2010; Di Liberto 

et al., 2017) even though the latter is considered a mixed stressor (physical and 

psychological) with low energy demand (Harris, 2015) . Chronic movement restraint 

reduces body weight gain when applied in the dark, but not in the light phase (reviewed in 

Koolhaas et al., 2011). In the current study, although stress was applied in the light 

phase REST animals gained less weight than CTL. This suggests that variation in the 

duration of restraint per day prevented habituation, indicating that this could be a good 

model for the evaluation of changes induced by chronic unpredictable stress. In regards 

to the relative weight of the adrenal glands, we also observed that the present protocol 

resulted in augmented glands compared to controls (unpublished data). 
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Figure 4 - Chronic stress increased proinflammatory cytokine levels in the hippocampus.  
IL-1α; p < 0.2; IL-1β; p=0.003; IL-2; p < 0.02; IL-6; p < 0.03; IL-10; p = 0.002; TNF-α; p < 
0.09. Values are shown as mean ± s.e.m. of 10 CTL and and 18 REST rats. * - difference 
from CTL. 
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Figure 5 - Chronic stress did not reduced sucrose preference for the less palatable 
solution rats and increased the frequency of immobility and reduced the frequency of 
swimming of REST animals in the Forced Swim Test. A - Sucrose preference in the 
Sucrose Negative Contrast Test; B – Behaviors in the Forced Swimming Test. Values are 
shown as mean ± s.e.m. of n = 26 CTL and 33 REST rats. * - difference from CTL on day 
3, p < 0.001 (Student's t test); ‡ - difference from day 2 (two-way ANOVA repeated 
measures); p = 0.003. 
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Another widely used way to evaluate the intensity of stress is plasma CORT levels. 

These, however, should be interpreted with caution, since the stress response depends 

on perceived predictability and controllability of the stimulus, which shows individual 

variability even within the same species (Koolhaas et al., 2011). Though augmented 

CORT levels in response to acute stress have been reported (Calvo and Volosin, 2001; 

Fernandes et al., 1997; Grissom and Bhatnagar, 2009; Harris, 2015), chronic stress may 

not always lead to similar findings. This is due to the fact that repetition of heterotypic 

stimuli may prepare the organism to anticipate the expected events (reviewed in Grissom 

and Bhatnagar, 2009; Koolhass et al., 2011). That said, chronic restraint stress for 2h or 

6h/day for 4, 12 or 20 days has been shown to increase CORT levels when applied during 

the light phase (Retana-Márquez et al., 2003). These findings indicate that CORT 

response to chronic stress is still controversial. An important aspect of the present study 

compared to previously published data is the fact that CTL animals were single-housed 

during the entire protocol, yielding slightly higher CORT levels than those usually seen in 

group-housed animals. This factor along with the large variability observed across 

animals might have hindered possible group differences. Moreover, blood sampling took 

place 72 h after the end of the protocol, allowing the recovery of hormonal levels. Still, 

CORT levels in REST animals were approximately 40% above those of CTL ones. It would 

be important to determine the hormone response of these animals to a heterotypic 

stressor.  

Increased plasma CORT levels induced by acute stress seem to be related to 

emotional disturbances, such as anxiety-like behaviors (Calvo and Volosin, 2001). The 

lack of augmented CORT as seen in the present study may be somehow associated with 

the normal performance of REST animals in the NSF and EPM. These are widely used 

tests to measure anxiety-type behavior, which are known to be influenced by previous 

exposure to stress (Barsy et al., 2010; Chiba et al., 2012; Di Liberto et al., 2017). The 

disagreement between our study and others may be due to differences in stress 

protocols (Chiba et al., 2012), the room where the test and stress are applied (Barsy et 

al., 2010), as well as the sex and age of the animals (Di Liberto et al., 2017). Although 

acute restraint stress reduces exploratory behavior in the EPM, chronic exposure to the 

same stimulus completely eliminates this effect (Padovan and Guimarães, 2000). 

It has been reported that inflammation can be a link between stress and 

depression (Himmerich et al., 2013; Jaremka et al., 2013). We found significantly higher 

levels of proinflammatory cytokines as well as the anti-inflammatory cytokine IL-10 in the 
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hippocampus of REST animals. Studies have previously demonstrated elevated levels of 

proinflammatory cytokines both in the plasma and in various areas of the brain after 

exposure to different types of stress, including crowding (Gądek-Michalska et al., 2016), 

foot shock (Han et al., 2015), immobilization (Oh et al., 2015) , CUMS (Dong et al., 2017) 

and restraint stress (Azadbakht et al., 2015; Himmerich et al., 2013; Tan et al., 2017). 

The decreased body weight gain seen in REST animals may be due to increased IL-

6 levels, a cytokine involved in metabolic activity and mechanisms of anorexia (Swiergiel 

and Dunn, 2006). The increase in hippocampal proinflammatory cytokines observed in 

our study strengthens the evidence that stress induces neuroinflammation and possibly 

depressive-like behavior (Hanisch et al., 1994; Tan et al., 2017) . In addition to pro-

inflammatory cytokines, chronic restraint has also elevated hippocampal levels of the 

anti-inflammatory cytokine IL-10. Mechanisms resposible for this effect, which has not 

been well explained, remain controversial (Han et al., 2015; Voorhees et al., 2013). It is 

speculated that this cytokine penetrates the brain through a compromised blood-brain 

barrier in an attempt to mitigate stress-induced immune imbalance (Banks, 2005). IL-10 

interacts with the microglia M2 phenotype and improves the coping response of stress 

and vulnerability to other stressors (Han et al., 2015). 

In the present study, we found a slight, but significant, reduction of the less 

palatable solution only in CTL animals, which means that they realized the change in 

palatability, which did not happen with REST animals. Most studies use the sucrose 

preference test to assess anhedonic-type behavior. We chose to use the SNCT instead 

because it is well-established in our laboratory and does not require previous training or 

fasting. We note, however, that the results of this test in the literature are quite 

controversial. Its rationale is that after two days of drinking a 15% sucrose solution, 

hedonic animals suppress (or reduce) the intake when exposed to a 2.1% solution. In our 

studies, we have noticed that both CTL and stressed animals exhibit a reduction of intake 

of the 2.1% solution, but with a greater magnitude for CTL ones (Cabbia et al., 2018; da 

Silva Rocha-Lopes et al., 2018; Girardi et al., 2014; Miragaia et al., 2018).  

In the FST there was a significant difference between groups, with REST animals 

displaying increased immobility and decreased swimming frequency without changes in 

climbing. The interpretation of FST results is debatable and this test is subjected to 

several influencing biological factors, such as age, sex, animal strain, and pre-test 

conditions, such as exposure to stressors, housing and diet (Bogdanova et al., 2013). On 

the one hand, it has been claimed to be a useful screening for anti-depressant drugs 
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(Hawkins et al., 1978; Slattery and Cryan, 2012). On the other hand, some groups use 

this test as a model of depressive-like behavior, attributing greater immobility as a sign of 

behavioral despair (Ferraz et al., 2011; Overstreet et al., 2005; Porsolt et al., 1977). 

Currently, a different interpretation has been presented, stating that different behaviors 

displayed in this test reflect the animal’s coping strategy when facing an inescapable 

stressor (de Kloet and Molendijk, 2016; Molendijk and de Kloet, 2015). Regardless of 

the interpretation, our results indicate that chronic reatrin stress alters this test, 

facilitating the occurrence of immobility. This could reflect an increase in behavioral 

despair or a shift from an active to a passive stress coping style. Because the test was 

carried out three days after the end of chronic stress, we can affirm that this effect was 

not due to the previous stress session, but likely related to neurochemical changes that 

modulate this kind of behavior. One such change is the increase in pro-inflammatory 

cytokines in the hippocampus, since it has been reported that this neurobiological feature 

is associated to increased immobility in the FST (Li et al., 2017; Tan et al., 2017). 

Interestingly, some studies show that an effective reduction of pro-inflammatory cytokine 

levels increases active behaviors in the FST (Fernandes and Gupta, 2019; Krügel et al., 

2013; Tan et al., 2017), although this outcome is not consensual (Deak et al., 2005). 
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4. Study 2 - CHRONIC UNPREDICTABLE MOVEMENT RESTRAINT INDUCES SOCIAL 

INTERACTION DEFICITS, AGGRESSIVE BEHAVIOR, PROBABLY BY CHANGES IN THE 

SEROTONIN LEVELS 

 

4.1. Introduction 

Stress causes behavioral, hormonal and physiological responses that are essencial 

to deal with pertubation of homeostasis (Bali and Jaggi, 2015). Chronic stress, however, 

may lead to allostatic overload with pathological consequences (McEwen, 2006; McEwen 

et al., 2015; Roy et al., 2014). In response to chronic stress there is a prolonged increase 

in the concentration of glucocorticoids, adrenocorticotropic hormone (ACTH) and 

corticotropin-releasing hormone (CRH), leading to alterations in several brain areas, 

including the hypothalamus (HPT), prefrontal cortex (PFC), hippocampus (HPC), amygdala 

(AMY), nucleus accumbens (NAc) among ohters (Leuner and Shors, 2013). Interestingly, 

these brain areas are involved with the regulation and expression of social behaviors 

(Allsop et al., 2014), by being modulated by neurotransmitters, such as serotonin (5-HT) 

and dopamine (DA) (de Boer, 2018) and hormones, including the hypothalamic-pituitary-

adrenal (HPA) axis (Veenema et al., 2007), vasopressin and oxytocin (Bredewold and 

Veenema, 2018), and prolactin (Babb et al., 2014).  

Studies have reported that chronic stress alters social behavior by decreasing social 

interaction (Doremus-Fitzwater et al., 2009; van der Kooji et al., 2014) and increasing 

aggressive behavior (Pucilowski, 1987; Eichelman, 1992; Veenema and Neumann, 

2007). These outcomes are observed after different types of stressors, including 

immobilization, social isolation, sleep deprivation, all of which may increase aggressive 

behavior (Pucilowski, 1987; Eichelman, 1992; Veenema and Neumann, 2007). 

It has also been reported that chronic stress alters the activity of serotonin (5-HT) 

and dopamine (DA) systems in these areas (Gamaro et al., 2003; Hasegawa et al., 2018). 

Dowregulation of 5-HT and upregulation of DA may be involved in impairments of social 

behavior (Pucilowski, 1987; Garza-Treviño, 1994; Hasegawa et al., 2018), such as 

aggressiveness, impulsivity, escape and social interaction (Pucilowski and Kostowski, 

1983; Olivier and Mos, 1992; Graeff et al., 1996; Millan, 2003; Carrillo et al., 2009). 

Then, exposure to chronic stress seems to change serotonergic and dopaminergic 

systems by neuroendocrine mechanisms leading to imapired social behavior (Larson and 

Summers, 2001). 
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Changes in synaptic plasticity may be related to the pathophysiology of stress-

related psychiatric disorders (Seo et al., 2015). Modifications in synaptic plasticity, by 

increase or reduction of the synaptic vesicle protein, synaptophysin (SYN) levels, occur in 

throughout the brain, with decrease in the PFC (Grizzell et al., 2014) and hippocampus 

(Alfonso et al., 2005; Duman, 2014) and increase in the amygdala (Leuner and Shors, 

2013; Duman and Duman, 2015) and NAcc (Duman and Duman, 2015; Ménard et al., 

2016). 

Therefore, the objective of this study was evaluated if the chronic stress with 

variable duration model could induce changes in the social and anxiety-like behaviors as 

well as neurobiological changes in rats. 

 

4.2. Materials and methods 

 

4.2.1. Animals 

A total of 130 Wistar male rats were used. At the beginning of the experiment animals 

weighed 250-280 g. They were housed with food and water ad libitum, under a 12/12 

hours light/dark cycle (lights on 7:00 h) and controlled room temperature (23 ± 1ºC). 

 

4.2.2. Experimental design 

Experiment 3 was carried out in two replicates, with 10 animals/group on each 

replicate. All animals were single housed, and then, randomly distributed in two groups: 

Control (CTL, n = 20) and Stress (n = 20). Animals were weighed at the beginning of the 

experiment and at the end of each week in order to assess the effect of chronic stress 

protocol on body weight gain. After a week of acclimation, when animals were handled 

daily to habituate to the animal room and the experimenter, the protocol of movement 

restraint with variable duration was initiated. This protocol was performed for 3 

consecutive weeks, excluding the weekends. Three hours after the last stress session, 

animals were exposed, individually, to the open field for habituation to the cylinders used 

in the social investigation test and for analysis of locomotor behavior (from 13:00 h to 

17:00). On the next day, the social investgation test was performed, after which each 

animal was again submitted to 4 h of movement restraint. On the next day animals were 

exposed to a further 6 h session of movement restraint, followed by 24 h of rest, after 

which, the social interaction test was performed, followed by euthanasia by decapitation. 
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Experiment 4 was performed in 4 replicates. The animals were first divided in 3 

groups: Control group-housed (G-CTL, n = 10), Control individually-housed (I-CTL, n = 40) 

and Stress individually-housed (Stress, n = 40). After acclimatation the chronic stress 

protocol started and was performed in the same way as in Experiment 3, except for the 

social investigation test that was not carried out. The main objective of this experiment, 

was to assess the effects of drugs acting on the GABAergic (diazepam, indirect agonist), 

dopaminergic (haloperidol, receptor antagonist) and serotonergic (escitalopram, selective 

reuptake blocker) on the social behavior. For this purpose, the rats were distributed into 

4 groups: G-CTL, treated acutely with vehicle – saline 0.9% - (G-CTL VEI, n = 10); I-CTL 

treated with vehicle (I-CTL VEI, n = 10), I-CTL treated acutely with haloperidol (I-CTL HAL, n 

= 10); I-CTL treated acutely with diazepam (I-CTL DZP, n = 10), I-CTL treated with 

escitalopram (I-CTL ESC, n = 10), Stress rats treated with vehicle (Stress VEI, n = 10), with 

haloperidol (Stress HAL, n = 10), with diazepam (Stress DZP, n = 10) and with 

escitalopram (Stress ESC, n = 10). Both experimental designs are presented in Figure 6. 

 

 
Figure 6 - Experimental design for each Experiment 3 and 4. OFT - open field test; S Inv - 
social investigation test; R - movement restraint; SI - social interaction test. 
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4.2.3. Experiment 3 - Effects of chronic restraint with variable duration on social 

behavior and neurochemistry 

 

4.2.3.1. Behavioral tests 

All animals underwent the behavioral tests in the following order: open field (OF), 

social investigation (SInv) and social interaction tests (SI). 

 

4.2.3.1.1. Open field test 

This test was performed 3 h after the end of chronic stress, from 13:00 to 17:00 h 

in a circular wooden arena measuring 80 cm in diameter, surrounded by a 36 cm high 

wall. The floor of the arena was divided into 3 concentric circles and subdivided into 18 

equal segments, plus a central segment. The animals were placed in the center of the 

arena and allowed to freely explore it for 5 min; the session was recorded for later 

analysis. The parameters measured were: time spent in the center and in the periphery, 

segments crossed in the center, periphery and total (counted only when the animal 

entered with all 4 paws). Percentage of time spent in the center was calculated by the 

ratio of the time spent in the center and total time of the test. After the test, the animals 

were placed again in the arena with two empty metal cylinders, 20 cm in diameter and 25 

cm in height, placed opposite to each other, for 5 min for habituation to the social 

investigation (SInv) conditions. 

 

4.2.3.1.2. Social investigation 

This test was carried out on the next morning, from 8:00 to 12:00 h. In order to 

perform this test, the same open field arena and metal cylinders were used. One of the 

cylinders was empty, representing a non-social stimulus, and the other contained an 

unknown target rat, representing a motivating social stimulus. The experimental rat was 

placed in the center of the arena, facing the wall of the apparatus, and allowed to explore 

the arena and the cylinders for 5 min; the sessions were recorded for later analysis and 

the parameters evaluated were: investigation time of each cylinder (when the animal 

approached and pointed the muzzle towards the cylinder, at a distance of 1 cm, 

approximately), number of quadrants traveled and immobility time. Motivation index was 

calculated by dividing the time in the social cyllinder/time in social + time in non-social 

cyllinders. 
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4.2.3.1.3. Social interaction 

This test can be used as an anxiety test and consists of assessing the free 

interaction between two unfamiliar animals placed in the same environment (File, Hyde, 

1978). Both the experimental and the unfamiliar target rats (marked with non-toxic 

atomic brush) were placed at the same time in the arena for 10 min. Each session was 

video-recorded for later analysis of social and non-social behaviors. The sessions were 

analyzed in two blocks of 5 min, during which we measured the durantion and frequency 

of active interaction (when the experimental animal chased and sniffed the target rat) 

passive interaction (resting against each other), frequency of avoidance (running away 

from the target rat), pin-down, genital sniffing, grooming, rearing and going under to the 

target animal. The behavior of the target rats was also evaluated, and included frequency 

of avoidance (running away from the experimental rat), immobility and grooming, and 

duration of immobility. 

Immediately after the behavioral tests, animals were decapitated, the brains 

removed and maintained in the ultrafreezer (-80oC) for later analysis. 

 

4.2.3.2. Synaptophysin levels 

Synaptophysin levels were determined by Western blot, in different brain areas 

obtained by punch (Hippocampus [HPC], Amygdala [AMY], PFC and Nucleus Accumbens 

[NAcc]) using a matrix and the Atlas of Paxinos and Watson coordinates (Paxinos, 

Watson, 1998). The brains were placed in a matrix and sliced rostro-caudally, in 1 mm 

slices. The two first slices were excluded and the third one was punched for the PFC. The 

next slice was punched for the NAcc, followed by two discarded slices. A 2 mm slice was 

used for the AMY, followed by a second 2 mm slice for the hippocampus. 

Each tissue was weighed and the total protein levels, determined. Then, for each 30 

µg of protein the same volume of Laemmli 2x solution and 2-mercaptoethanol (710 mM) 

was added, then the samples were immediately homogenized and heated to 95ºC for 5 

min. Afterward, they were applied on polyacrylamide gel producing layers of concentration 

of 4%, and then the separation gel was applied in a gradient from 5 to 15%. After that, 

electrophoresis was performed for, approximately, 150 min at 100 V (constant). 

Immediately thereafter the transfer to nitrocellulose membranes was performed by semi-

dry method using the Trans-Blot®Turbo™RTA Mini kit (Bio-Rad®) and Turbo Transfer 

system was configured in 15 min, 25 V and 1.3 A (constant). The transfer efficiency was 

monitored by membrane staining (PonceauS) and gel (Bio-Safe™). 
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Subsequently, the membranes were washed with ultrapure water and TBS to 

remove the stain and then they were incubated in blockin solution (3% albumin in TBS/T) 

for 1 hour. Thus, the membranes were cut into horizontal strips according to the 

molecular weight of interest and incubated overnight with the primary antibody - Anti-

Synaptophysin (ab8049 - Abcam; 1/500), dissolved in blocking solution, at 4ºC under 

constant agitaton. At the end of this period, the membranes were washed with TBS/T 3 

times for 5 min. Then, they were incubated with secondary antibody - Goat polyclonal to 

Mouse IgG-H&L (1:3,000), also diluted in blocking solution, at room temperature under 

contant agitation for 1 hour. The membranes were then washed for 5 minutes, twice, in 

TBS/T, and, once, in TBS. Thereafter, the membranes were evaluated in a 

photodocumentator UVITEC (Cambridge). The intensity of the bands was quantified by 

ImageJ software. The protein of interest was normalized by endogenous control (β-actin). 

 

4.2.3.3. Determination of dopamine (DA), serotonin (5HT) and 5-

hydroxyindoleacetic acid (5HIAA) 

The levels of DA, 5-HT and its metabolite 5-HIAA were evaluated in the same areas 

used for synaptophysin, e.g., PFC, HPC, AMY and NAcc, by high-performance liquid 

chromathography (HPLC) as described previously (Carvalho et al., 2005). Briefly, samples 

were weighted and homogenized in 300 µl of extraction solution (0.05 M perchloric acid), 

centrifuged at 15,000 x g for 20 min at 6ºC and stores at -70ºC for HPLC reversedystem 

(C18, ODS, 3µm, 150mm x 2.0 mm; linked to a New-Guard Cartridge Column, KJ0-4282, 

both from Phenomenex, Torrance, CA, USA). The HPLC consisted of a BAS Epsilon 

electrochemical detector with a glass-carbon electrode anda a pump (PM-92e). The 

potential was set at 650 mV (compared with the Ag-AgCl reference electrode). The mobile 

phase consisted of 50 mM NaH2PO4, 0.1 mM Na2-EDTA, 0.5 mM n-octyl sodium sulfate, 

2.5% methanol (pH - 5.5) and was filtered and pumped through the system at a flow rate 

of 100 µl/min. The injection volume was 40 µl. This set-up allowed the analysis of DA, 5-

HT and 5-HIAA levels in each dialysate sample in a run that lasted approximately 30 min. 

All susbstances were quantified by comparing the peak areas to standard curves. 
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4.2.4. Experiment 4: Effects of acute manipulation of GABA, dopamine and 

serotonin systems on social interaction in chronically stressed rats 

 

4.2.4.1. Drugs 

The following drugs were used to increase or decrease the activity of the 

neurotransmitter systems assessed above, Haloperidol (Haldol-Janssen-Cilag, 0.5 mg/kg; 

Calzavara, 2009), Diazepam (Diazepam®NQ, Sigma Pharma, 2 mg/kg; Pellow, 1985; 

Fedotova, 2015; Mombeini, 2017) were supplied by Neuromorphophysiology Laboratory 

at Universidade Federal do Mato Grosso do Sul (Campo Grande, MS, Brazil) and 

Escitalopram (pure salt, purchased from Sensitiva Pharmacy, São Paulo, Brazil, 10 

mg/kg; Katai, 2013) were diluted in saline 0.9% and administered intraperitoneally (i.p.) 

in a volume of 1 ml/kg, 30 min before the test. 

 

4.2.4.2. Determination of adrenal weight 

After the social interaction test, animals were decapitated and the adrenal glands 

were removed and weighed, as an indicator of chronic stress. Adrenal gland’s relative 

weight was determined by the ratio between adrenal weight and the body weight of each 

animal (Cheng and Muir, 2004). 

 

4.2.5. Statistical analysis 

For statistical analysis of the weight variation during the stress period the groups 

was done two-way ANOVA repeated measures (Group and Time factors) with Bonferroni 

post-hoc, for both Experiments 3 and 4. In Experiment 2, the other data were submitted 

to Shapiro-Wilk normality test and comparison between groups was performed by 

parametric Student’s-t test or non-parametric Mann-Whitney test. In Experiment 4, 

comparison of the two control groups (CTL-GH and CTL-SH) was done as in Experiment 3. 

Comparisons involving more groups were performed by the two-way ANOVA (Group and 

Treatment factors). The significance level of 5% was considered in all tests. The results 

are presented in descriptive form as mean ± s.d. (tables) or mean ± s.e.m. (graphs). 
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4.3. Results 

 

4.3.1. Experiment 3 

 

4.3.1.1. Change in body weight 

In Experiment , although in the first week of stress the animals did not differ in 

weight gain, in the following weeks stressed animals gained less weight than the controls, 

with effect of time (F(2,40) = 665.338; p < 0.001) and group (F(1,40) = 27.152; p < 0.001; 

Figure 7A). 

 

4.3.1.2. Behavioral tests 

Anxiety-lke behavior was assessed by the percentage of time and of segments 

crossed in the center part of the OF. Comparing the two groups, there was no significant 

difference in none of these parameters (% time spent in the center = t(38) = 1.424; p < 

0.2; % center segments crossed = t(38) = 0.48; p < 0.7; Table 4).  

In the SInv test Stress animals explored less the cylinder containing the target rat 

(t(38) = 2.725, p = 0.01, Figure 7B), without further differences for the other parameters 

(time of exploration of the empty cylinder - t(38) = 1.292, p < 0.3; Figure 7B; quadrants 

traveled - t(38) = 0.799, p < 0.5; time of immobility - t(38) = 0.799, p < 0.5; Table 4). 

For the SI test, first, we determined the time of active and passive interaction, 

avoidance time and how long the experimental animals tolerated being explored by the 

target rat, what we call the target rat approach. These parameters were measured in two 

blocks of 5 min.  
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Table 4 – Results of the OFT and S Inv test in Experiment 3. 
OFT    
Time Center Periphery % Center 
Control 37.31 ± 27.12 262.69 ± 27.12 12.44 ± 9.04 
Stress 27.19 ± 16.58 272.81 ± 16.58 9.06 ± 5.53 
p-value 0.163 0.163 0.163 

Quadrants Center Periphery Total 
Control 16.10 ± 10.17 47.20 ± 15.74 63.30 ± 21.26 
Stress 14.15 ± 8.46 50.40 ± 19.99 64.55 ± 24.09 
p-value 0.514 0.577 0.863 

S Inv Quadrants Time of immobility 
Control 59.00 ± 23.77 10.70 ± 19.20 

Stress 66.00 ± 27.54 17.14 ± 30.49 

p-value 0.429 0.429 
The results are presented as mean ± s.d. of 20 animals/group. The p-value was determined by 
the Student’s-t test. 
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Figure 7 - Chronic stress decreased body weight gain and social investigation, increased 
target rat approach in the first period of SI test, increased frequency of pin down in both 
period, increased frequency of avoidance of target rat in the second period, increased 
frequency of grooming of target rat in the first period and increased frequency and time 
of immobility of the target rats in both period in the SI test. A - Body weight gain in the 
Experiment 1; * - difference from control, p<0.01; # - difference from 1st week, p<0.001; 
‡ - difference from 2nd week, p<0.001 (two-way ANOVA repetead measures); B - Time of 
social investigation in Experiment 1; * - difference from control, p = 0.010 (Student's t-
test); C - Time of targe rat approach in SI test in Experiment 1; * - difference from control, 
p = 0.033 (Student's t-test); D - Frequency of pin down in SI test in Experiment 1; * - 
difference from control, p < 0.001 (Student's t-test). E - Frequency of the target rats 
avoidance; * - difference from rats with control, p = 0.007 (Student's t-test); F - Frequency 
of target rats grooming; * - difference from rats with control, p = 0.040 (Student's t-test); 
G - Frequency of target rats immobility; * - difference from rats with control, in the first 
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period - p = 0.008, and in the second period - p < 0.001 (Student's t-test); H - Time of 
target rats immobility; * - difference from rats with control, in the forst period - p = 0.015, 
and in the second period - p = 0.001 (Student's t-test).The values are shown as mean ± 
s.e.m of Experiment 1 (control - n = 20, stress - n = 20).  
 

REST rats approached the target rat longer than CTL ones during the first block of 

the test (target rat approach in the first block - t(38) = 2.272, p < 0.04; target rat approach 

in the second blcok - t(38) = 0.561, p < 0.6; Figure 7C). Stressed animals also displyed 

more pin-down on both blocks of the test (first block - t(38) = 4.327, p < 0.001; second 

block - t(38) = 5.317, p < 0.001; Figure 7D), even though their active interaction did not 

differ from control rats (first period - t(38) = 1.680, p < 0.2; second period - t(38) = 0.044, p 

< 0.97; Table 5). 

 

Table 5 - Results related to SI test in Experiment 3. 
First period Control Stress p-value 
Passive interaction (s) 17.15 ± 11.09 13.02 ± 9.31 0.210 

Avoidance (s) 3.83 ± 4.17 5.69 ± 3.56 0.137 

Genital sniffing 1.00 ± 1.15 1.00 ± 1.08 0.673 

Grooming 8.00 ± 2.45 4.00 ± 2.30 0.429 

Rearing 6.00 ± 4.82 12.00 ± 5.59 0.952 

Go under the target 

rat 6.00 ± 2.87 6.00 ± 5.61 1.000 

Second period 
Passive interaction (s) 17,10±2.38 16.61±3.11 0.901 

Avoidance (s) 4.91±1.75 2.41±1.02 0.224 

Genital sniffing 1.00 ± 1.10 1.00 ± 1.39 0.383 

Grooming 3.00 ± 2.28 2.00 ± 1.97 0.167 

Rearing 15.00 ± 6.50 16.00 ± 6.55 0.737 

Go under the target 
rat 

4.00 ± 3.08 4.00 ± 3.56 0.510 
The results are presented as mean ± s.d. of 20 (control) and 20 (stress) animals/group for SI. The 
p-value was determined by the Student’s-t test. 

 

Target rats exhibited a striking change in behavior when tested with Stress rats, 

compared to those tested with CTL ones; therefore, we also quantified their behaviors 

during the test. In the first block, they presented higher frequency (t(38) = 2.865, p < 0.01; 

Figure 7G) and time of immobility (t(38) = 2.623, p < 0.02; Figure 7H) and engaged in less 

grooming (t(38) = 2.144, p = 0.04; Figure 7F) than target rats tested with CTL rats (Figure 
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7). In the second part of the test, target rats placed with Stress animals exhibited longer 

(t(38) = 4.037, p = 0.001; Figure 7H) and more frequent immobility (t(38) = 4.060, p < 

0.001; Figure 7G), together with more avoidance behavior (t(38) = 1.673, p < 0.01; Figure 

7E) than those tested with CTL rats. 

 

4.3.1.3. SYN levels 

There was no difference between groups in the comparison of synaptophysin levels 

in all areas analysed (PFC - t(13) = 0.921, p < 0.4; hippocampus - t(12) = 0.006, p = 0.995; 

amygdala - t(12) = 1.450, p < 0.2; NAcc - t(12) = 0.473, p < 0.7; Figure 8). 

 

 
Figure 8 - Chronic stress did not change SYN levels in PFC, hippocampus, amygdala and 
NAc. A - SYN levels in the PFC; B - SYN levels in the hippocampus; C - SYN levels in the 
amygdala; D - SYN levels in the NAc. The values are shown as mean ± s.e.m of 
Experiment 1 (PFC - control - n = 8, stress - n = 7; hippocampus - control - n = 7, stress - n 
= 7; amygdala - control - n = 7, stress - n = 7; NAc - control - n = 7, stress = 7). 
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4.3.1.4. Neurotransmitters levels 

In the HPC chronic stress decreased 5-HT concentration (t(32) = 4.141, p < 0.001; 

Figure 9B), but induced no further changes (DA - Mann-Whitney U = 153.5, p < 0.799; 

Figure 9A; 5-HIAA - Mann-Whitney U = 148.5, p < 0.7; Figure 9C; 5-HIAA/5-HT - Mann-

Whitney U = 149.5, p = 0.7; Figure 9D). In the AMY, Stress increased DA levels (t(36) = 

3.535, p < 0.002; Figure 9E) and 5-HT turnover (Mann-Whitney U = 82, p < 0.02; Figure 

9H) and no further changes were found for the other neurotransmitters (5-HT - t(36) = 

0.357, p < 0.8; Figure 9F; 5-HIAA - Mann-Whitney U = 119, p < 0.08; Figure 9G). We did 

not find significant differences in the other regions for any of the neurotransmitters (Table 

6). 

 

Table 6 - Results related to neurotransmitter levels in prefrontal cortex and nucleus 
accumbens. 
Prefrontal cortex Control Stress p-value 
DA 0.33 ± 0.22 0.30 ± 0.15 0.917 

5-HT 0.71 ± 0.24 0.66 ± 0.35 0.118 

5-HIAA 1.16 ± 1.28 1.70 ± 1.86 0.602 

5-HIAA/5-HT 1.87 ± 2.27 2.82 ± 3.51 0.236 

Nucleus 
accumbens    

DA 2.08 ± 2.14 3.42 ± 3.42 0.376 

5-HT 0.07 ± 0.15 0.23 ± 0.27 0.09 

5-HIAA 6.98 ± 9.14 6.04 ± 7.04 0.403 
DA - dompamine; 5-HT - serotonin; 5-HIAA - 5-hydroxyindoleacetic acid; 5-HIAA/5-HT - serotonin 
turnover. The results are presented as mean ± s.d. of 20 (control) and 20 (stress) animals/group 
for HPLC. The p-value was determined by the Mann-Whitney test. 
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Figure 9 - Chronic stress only decreased 5-HT in the hippocampus and increased DA and 
5-HIAA/5-HT levels in the amygdala. A - DA levels; B - 5-HT levels; * - difference from 
control, p < 0.001 (Student's t-test); C - 5-HIAA levels; D - 5-HIAA/5-HT; E - DA levels; * - 
difference from control, p = 0.002 (Student's t-test); F - 5-HT levels; G - 5-HIAA levels; H - 
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5-HIAA/5-HT; * - difference from control, p = 0.019 (Mann-Whitney test). The values are 
shown as mean ± s.e.m of Experiment 1 (control - n = 20, stress - n = 20). 

 

4.3.2. Experiment 4 

 

4.3.2.1. Physiological changes 

Evaluate of single-housing of CTL rats on body weight revealed only a main effect of 

time (F(2, 18) = 467.849, p < 0.001; Figure 10A), and no difference in adrenal weight (t(18) 

= 0.557, p < 0.6; Figure 10C).  

Analysis of relative adrenal considering all control and all stress animals, showed 

that stress animals exhibited greater weight than controls (Mann-Whitney U = 288, p < 

0.02; Figure 10D).  

Haloperidol led to a strong inhibition of the animals’ exploratory behavior, even at a 

low dose. Therefore, this treatment was removed from the analysis. Analysis of body 

weight gain showed an effect of time (F(2,108) = 809.381, p < 0.001) and interaction 

between Group and Time (F(2,108) = 8.038, p = 0.001; Figure 10B); all animals gained 

body weight over time, but stressed ones gained less than controls. 

 

4.3.2.2. Social Interaction 

In the first block of the SI test, there was a difference between CTL-GH and CTL-SH 

groups only in the approach of the target rat (Mann-Whitney U = 22, p < 0.04; Figure 

11B), and this difference remained in the second part of the test (t(18) = 2.991, p < 0.01; 

Figure 11B). In addition, only in the second period of the SI test I-CTL group presented 

longer time of active interaction (t(18) = 2.380, p < 0.03; Figure 11A) and more pin-down 

behavior (Mann-Whitney U = 16.5, p < 0.01; Figure11C). There were no differences for 

the other parameters (Table 7). 

We also evaluated the target rat’s behavior. In the first part of the SI test, there 

were no differences on any parameter between target rats tested with G-CTL and I-CTL 

groups (Table 7). However, in the second part of the test, target animals tested with I-CTL 

animals displayed higher frequency of avoidance than those tested with G-CTL (Mann-

Whitney U = 22, p < 0.03; Figure 11D). 
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Figure 10 - Group or single housed rats did not differ in body weight gain and adrenal 
glands weight, and yet chronic stress decreased body weight gain and increased adrenal 
glands weight. A - Body weight gain; # - difference from 1st week, p<0.001; ‡ - difference 
from 2nd week, p<0.001 (two-way ANOVA repetead measures); B - Body weight gain; * - 
difference from control, p<0.01; # - difference from 1st week, p<0.001; ‡ - difference 
from 2nd week, p<0.001 (two-way ANOVA repetead measures); C - Adrenal glands weight 
in G CTL and I CTL; D - Adrenal glands weight; * - difference from control, p = 0.015 
(Mann-Whitney test). The values are shown as mean ± s.e.m of Experiment 2 (G CTL - n = 
10, I CTL - n = 10, control - n = 20, stress - n = 20). 

 

The effects of acute treatments on social behavior 

In the first 5 min of the test, there was a main effect of Group (F(1,54) = 6.568, p < 

0.02) and Treatment (F(2,54) = 3.215, p < 0.05) for active interaction (Figure 12), with the 

stressed animals interacting more than controls (p < 0.02) and animals treated with ESC 

tending to interact less than those treated with VEI (p = 0.055). There was Group effect 

(F(1,54) = 11.00, p = 0.002; Figure 12) for pin-down, with ST VEI and ST DZP (p < 0.05) 

displaying more pin-down than their respective CTL groups. For genital sniffing there was 

interaction between Group and Treatment (F(2,54) = 5.893, p = 0.005; Figure 12). ST VEI 

and ST DZP sniffed more the target rats’ genitals than CTL VEI (p = 0.009) and than CTL 

DZP (p < 0.04), respectively. Conversely, ST ESC sniffed less the genital area than ST VEI 

(p = 0.006) and than ST DZP (p = 0.040). For rearing there was an effect of Treatment 

(F(2,54) = 13.540, p < 0.001, Figure 12) in which groups treated with ESC displayed less 

rearing than those treated with VEI (p < 0.001) and DZP (p = 0.001). There was no 

difference for the other parameters evaluated (Table 8). 
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Figure 11 - Single housed induced longer time of active interaction in the second period, 
longer time of target rats approach in both periods and higher frequency of pin down and 
target rat avoidance in the second period of SI test. A - Time of active interaction; * - 
difference from G CTL, p = 0.029 (Student's t-test); B - Time of target rat approach; * - 
difference from G CTL, p = 0.034 (first period; Student's t-test) and p = 0.008 (second 
period; Mann-Whitney test); C - Frequency of pin down; * - difference from G CTL, p = 
0.009 (Mann-Whitney test); D - Frequency of target rat avoidance; * - difference from G 
CTL, p = 0.029 (Mann-Whitney test). The values are shown as mean ± s.e.m of 
Experiment 2 (G CTL - n = 10, I CTL - n = 10). 

 

In the second part of the SI test, there was Treatment effect (F(2,54) = 4.91, p < 0.02; 

Figure 12) for active interaction, with the groups treated with ESC interacting less than 

those treated with DZP (p < 0.02). For the approach to the target rat there was an 

interaction between Group and Treatment (F(2,54) = 4.21, p = 0.020; Figure 12) and ST 

ESC approached the target rat more than CTL ESC (p < 0.03) and ST VEI (p < 0.02). For 

pin-down behavior there was effect of Group (F(1,54) = 8.542, p = 0.005) and Treatment 

(F(2,54) = 4.096, p < 0.03) and all stressed animals performed more pin-down than 

controls (p = 0.005) and animals treated with ESC also did less pin-down than those 

treated with VEI (p = 0.02). Furthermore, there were Treatment effect (F(2,54) = 7.714, p = 

0.001) and interaction between Group and Treatment (F(2,54) = 3.159, p = 0.05) for 

rearing. Post hoc analysis showed that animals in ST VEI group displayed more rearing 

than CTL VEI (p < 0.02) and stressed animals treated with DZP group or with ESC  did less 

rearing than those treated with VEI (p = 0.004 and p < 0.001, respectively) . There was 

no difference for the others parameters (Table 8). 
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Table 7 - Results of the social interaction between control groups (group or single housed) 
and the target rat that were with them in the test. 
First period G CTL I CTL p-value 
Passive 13.60 ± 13.20 10.26 ± 6.74 0.880 

Avoidance 4.48 ± 5.36 2.05 ± 3.19 0.110 

Genital sniffing 1.30 ± 1.42 0.90 ± 0.99 0.606 

Grooming 2.10 ± 1.52 2.00 ± 2.26 0.321 

Rearing 13.80 ± 3.97 12.80 ± 4.24 0.383 

Go under the target rat 0.80 ± 1.14 0.90 ± 1.29 0.835 

Target rat behavior    
Grooming 1.70 ± 2.16 2.00 ± 2.07 0.613 

Immobility 0.50± 1.08 1.20 ± 1.49 0.181 

Immoblity time (s) 0.54 ± 1.17 2.73 ± 4.41 0.156 
Second period    
Passive 16.78 ± 10.33 15.00 ± 10.62 0.496 

Avoidance 1.58 ± 1.67 1.97 ± 3.99 0.585 

Genital sniffing 1.30 ± 1.06 0.70 ± 0.82 0.187 

Grooming 1.60 ± 1.43 1.60 ± 1.17 0.111 

Rearing 14.40 ± 5.97 10.20 ± 5.20 0.968 

Go under the target rat 0.90 ± 1.29 1.00 ± 1.56 0.868 
Target rat behavior    
Grooming 1.40 ± 1.51 2.10 ± 1.60 0.241 

Immobility 1.20 ± 1.23 2.20 ± 1.55 0.110 

Immoblity time (s) 1.49 ± 1.72 6.02 ± 7.13 0.089 
The results are presented as mean ± s.d. of 10 (G CTL) and 10 (I CTL) animals/group. The p-value 
was determined by the Student’s-t test and Mann-Whitney test. 
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Figure 12 - Chronic stress changed several behaviors in the SI test in Experiment 4. A - 
Active interaction in the first period; * - difference from control, p = 0.013; B - Active 
interaction in the second period; # - difference from Groups treated with VEI, p = 0.011; C 
- Target rat approach in the first period; D - Target rat approach in the second period; * - 
difference from CTL ESC, p = 0.024, # - different from ST VEI, p = 0.014; E - Pin down in 
the first period; * different from control, p = 0.002; F - Pin down in the second period, * - 
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different from control, p = 0.005; # - different from group treated with VEI, p = 0.20; G - 
Genital sniffing in the first period, * - different from control, p = 0.005; # - different from 
ST VEI, p = 0.006, and ST DZP, p = 0.040; H Genital sniffing in the second period; I - 
Rearing in the first period; - # - difference from group treated with VEI, p < 0.001; J - 
Rearing in the second period; * - difference from CTL VEI, p = 0.050; # - different from ST 
VEI, p = 0.050. The values are shown as mean ± s.e.m of Experiment 2 (CTL VEI - n = 10, 
CTL DZP - n = 10, CTL ESC - n = 10, ST VEI - n = 10. ST DZP - n = 10, ST ESC - n = 10; two 
way ANOVA). 

 

Finally, we also evaluated the target rat behavior. In the first part of the SI test, 

there was a Group effect (F(1,54) = 5.3, p < 0.03; Figure 13). The post-hoc analysis 

revealed that target rats tested with stressed animals displayed more avoidance behavior 

(p < 0.03). Moreover, in the second part of the test there was a Group effect (F(1, 54) = 

6.003, p = 0.018; Figure 13) for immobility frequency. Again, target rats that participated 

in the test with stressed animals showed more immobility than those which interacted 

with control animals (p 0.02). 
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Table 8 - Results of the SI test in Experiment 4. 

Groups Passive Avoidance Grooming Under the target 
rat 

First period 
CTl VEI 10.26 ± 6.74 2.05 ± 3.19 2.00 ± 2.26 0.90 ± 1.29 

CTL DZP 13.71 ± 9.71 1.76 ± 2.63 1.70 ± 1.57 2.30 ± 3.89 

CTL ESC 18.29 ± 18.08 0.67 ± 1.09 2.20 ± 1.92 1.70 ± 2.32 

ST VEI 7.90 ± 3.63 1.58 ± 2.08 2.00 ± 1.63 1.00 ± 1.63 

ST DZP 9.86 ± 5.49 1.58 ± 1.70 1.50 ± 1.35 1.90 ± 2.51 

ST ESC 12.23 ± 7.71 2.15 ± 2.01 3.80 ± 2.74 1.20 ± 1.62 

p-value 0.833 0.329 0.287 0.912 
Target rat behavior Grooming Immobility Immobility time (s) 
CTL VEI 2.00 ± 2.00 1.20 ± 1.40 2.73 ± 4.01 

CTL DZP 2.80 ± 1.75 2.10 ± 2.85 4.64 ± 6.94 

CTL ESC 2.50 ± 2.17 2.00 ± 1.63 3.65 ± 3.21 

ST VEI 2.80 ± 1.99 2.20 ± 2.20 5.76 ± 6.28 

ST DZP 3.10 ± 1.45 2.00 ± 1.49 3.55 ± 3.22 

ST ESC 1.40 ± 0.70 1.40 ± 1.78 3.61 ± 5.67 

p-value 0.214 0.422 0.421 
Second period    

Groups Passive Avoidance Gen. sniff. Grooming Under the target 
rat 

CTl VEI 15.00±10.62 1.97±3.99 0.70±0.82 1.60±1.17 1.00±1.56 

CTL DZP 15.60±7.72 2.52±4.39 0.90±0.99 0.60±0.84 1.80±3.08 

CTL ESC 17.87±6.90 0.95±0.98 0.30±0.48 1.70±2.31 1.80±1.99 

ST VEI 12.16±10.43 2.09±1.87 1.80±2.90 1.60±1.17 1.00±1.25 

ST DZP 16.28±11.97 2.73±3.30 1.20±1.40 1.50±0.53 1.20±1.32 

ST ESC 18.23±11.86 1.97±1.98 0.40±0.52 2.30±1.49 1.30±1.49 

p-value 0.831 0.875 0.516 0.577 0.866 
Target rat behavior Grooming Avoidance Immobility time (s) 
CTL VEI 2.10±1.60 2.80±1.62 6.02±7.13 

CTL DZP 2.40±2.22 2.00±1.33 6.69±8.18 

CTL ESC 2.40±1.71 1.80±1.75 5.18±3.91 

ST VEI 1.50±1.58 3.70±3.89 31.10±49.70 

ST DZP 2.10±1.79 2.80±3.08 6.31±5.94 

ST ESC 1.40±1.07 3.00±3.94 5.03±5.23 

p-value 0.808 0.973 0.099 
The results are presented as mean ± s.d. of 10 animals/group. The p-value was determined by 
two way ANOVA. 
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Figure 13 - Chronic stress changes target rat behavior in Experiment 4. A - Target rat 
avoidance in the first period; * - different from control, p = 0.025; B - Target rat avoidance 
in the second period; C - Target rat immobility in the first period; D - Target rat immobility 
in the second period, * - different from control, p = 0.018. The values are shown as mean 
± s.e.m of Experiment 2 (CTL VEI - n = 10, CTL DZP - n = 10, CTL ESC - n = 10, ST VEI - n = 
10. ST DZP - n = 10, ST ESC - n = 10; two way ANOVA). 
 

 

4.4. Discussion 

The present study revealed that chronic REST impaired body weight gain and social 

behavior, increased the relative adrenal weight and alter the levels of neurotransmitters 

in structures of the limbic system, decreased 5-HT in the hippocampus and increased DA 

in the amygdala. An acute pharmacological intervention with escitalopram, a selective 

serotonin reuptake inhibitor, reversed the impairment in social behavior.  

Physiological alterations are widely used as a reliable indicator of chronic stress 

(Barsy et al., 2010; Füchsl et al., 2014; Di Liberto et al., 2017; Tan et al., 2017). In this 

study we showed that this protocol is indeed a chronic stress model, since stressed 

animals gained less body weight and had heavier adrenal glands. Altered body weight 

gain can be explained by stress-induced metabolic change (Tamashiro et al., 2007). 

Chronic stress may cause a decrease in food intake and still appear to induce an 

increase in body temperature due to greater glucocorticoid levels leading to an energy 

imbalance that may result in lower body weight gain (Harris, 2015). Increased relative 
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adrenal glands weight is due to chronic ACTH action on glomerulosa layer (Akana et al, 

1983), resulting in higher production of glucocorticoids (Hayashi et al., 2014). 

Exposure to chronic stress leads to behavioral changes such as anxiety-like 

behavior (Lowry et al., 2005; Steimer, 2011). Therefore, we evaluated the animals’ 

behavior in the OF, which is a commonly used test to assess locomotor behavior and the 

ratio of central exploration in relation to total exploration can be used as an index of 

anxiety-like behavior (Lowry et al., 2005; Lezak et al., 2017). Although this type of test is 

widely used in the literature (Albonetti and Farabollini, 1992; Bali and Jaggi, 2014; Lezak 

et al., 2017; Prut and Belzung, 2003), results from OFT are inconsistent, with some 

showing that chronic stress leads to anxiety-like behavior (Albonetti and Farabollini, 

1992, Kuniishi et al., 2017) and others not (Gregus et al., 2005; Chiba et al, 2012). This 

may be explained by the difference between stress protocol by movement restraint, sex, 

age and yet the animals can demonstrate their behavioral changes in other types of tests. 

Interesting, in the present study we observed that stressed animals expressed anxiety-

like behavior by impairment of social behavior, which is a more naturalistic behavior in 

rodents, since they are social animals, with the ability to recognize among family 

members or not and have complex communication skills among them (Perna and 

Engelmann 2017). In the SInv test animals were placed in the OFT arena (a known 

environment) containing one social and one neutral stimuli. REST animals explored the 

cylinder with the social stimulus less than CTL animals, suggesting increased anxiety-like 

behavior. This result corroborates studies reporting that stressed animals do not explore 

as much, or even avoid, social stimuli, despite the stress protocol used (Varlinskaya et al., 

2010; Favoretto et al., 2017; Macedo et al., 2018). 

The reduction of social exploration can be explained by the environmental 

conditions in which the animals were tested. Usually, animals tested in familiar 

environments, as in this study where the animals were tested in the same OFT arena, 

exhibit decrease of social exploration after stress, while in unfamiliar environments, rats 

do not show social behavior suppresion. Thus, the anxiety generated by the environment 

is of paramount importance for the evaluation of stress (Doremus-Fitzwater et al., 2009). 

Importantly, impairment of social behavior, such as social avoidance and increased 

aggressiveness, may be interpreted as increased as anxiety-like behavior and social 

phobia (Barsy et al., 2010). 

Aggressiveness is a natural behavior in animal that coexist in society, but limited by 

appropriate rules and context where competition for food and females is necessary. 
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However, when this behavior exceeds these limits, it is considered abnormal, and, 

usually, appears when there is some psychological dysfunction (Haller et al., 2005). Thus, 

in Experiment 3 REST animals displayed greater aggressive behavior in the SInv test 

when compared to CTL. Interestingly, the context was not conducive for rats to display 

attacks to cospecific or play fighting. It is worth mentioning that the animals of both 

groups were single housed, except the target rats to minimize the effect of social isolation 

which may provoke increased aggressiveness (Olivier, Mos, 1992; Meikle et al., 2013; 

Haller et al., 2014; Takahashi et al., 2018). 

Increased play fighting behavior is thought to represent a rewarding value of these 

interactions (Doremus-Fitzwater et al., 2009). However, in the present study, this 

behavior was displayed with great violence, so that REST animals performed pin down in 

such a way that target rats exhibited greater fear behavior during the test with stressed 

animals. There are several attempts to understand the underpinning mechanisms for 

these behavioral changes, such as imbalance between excitation (glutamate) and 

inhibition (GABA; van der Kooji et al., 2014), inhibition of hippocampal activity and 

increased of amygdala activity (Wood et al., 2003), changes in the serotonergic and 

dopaminergic receptors (Yohe et al., 2012). Although these studies confirm that chronic 

stress reduces social interaction and increases aggressiveness, the models of aggression 

are different from the current study, since they are conducted within a context of territory 

defense, with attack patterns of chasing and bites directed at the opponent's back, or 

attacks on cage mates. Thus, the behavior of this study may have different explanations 

that still need to be clarified. Thus, we evaluated the levels of SYN, 5-HT, DA in four areas 

of the CNS: PFC, HPC, AMY and NAcc. Although there were no differences for SYN levels 

in any area assessed, decreased hippocampal 5-HT levels and increased DA and 5-HT 

turnover in the amygdala were found in REST rats. Serotonin and dopamine play an 

important role in aggression (Vestlund et al., 2019), mainly to achieve better social status 

(Larson, 2001). It has also been suggested that the serotonergic pathway from dorsal 

raphe nucleus to PFC and AMY is related to active coping strategy and the pathway from 

median raphe nucleus to hippocampus mediates resistance to chronic stress (Deakin 

and Graeff, 1991). Also the ventral hippocampus seems to be involved with symptoms of 

psychiatric disorders, such as apathy and motivational behavior (Yoshida, 2019). Some 

studies report that decreased serotonerigc activity in the brain is related to increased 

aggressiveness (de Boer et al., 2009; Mosienko et al., 2012) and impulsivity (Chung et 

al.,1999). Besides that, increased dopaminergic activity in the amygdala is related to 
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anxiety-like behavior (Mitsushima et al., 2006) and dysregulation of the dopaminergic 

pathway from ventral tegmental area to amygdala may be related to passive coping 

behavior (Bai, 2017). In addition, lesion in the basolateral amygdala reduces anxiety-like 

behavior in chronically stressed rats (Ranjbar et al., 2017). Thus, we suggest that chronic 

restraint stress with variable duration resulted in increased amygdala activity, with higher 

levels of DA and 5-HT turnover, which might have led to anxiety-like behavior seen in the 

social context. 

Surprisingly, adult stressed animals showed play fighting behavior that resembled 

that observed in adolescent rats. However, different from the behavior of adolescents, 

stressed animals displayed pin-down behavior more harshly, trying to show dominace, 

which seemed to bother and scare the target rats. So, we assessed which 

neurotransmitter could be most involved with this behavior, by treating the animals 

acutely with a classic anxyolytic, diazepam, with escitalopram, an SSRI, and a typical 

antipsychotic, haloperidol. However, even at a low dose, haloperidol induced such a 

decrease in locomotor activity, that no behavioral interaction could be observed, so we 

chose to remove these data from the the analyzes. Acute administration of ESC improved 

the social interaction of stressed animals, indicating that 5-HT is most likely associated 

with this behavioral change, although it is reported that SSRI might indirectly balance the 

dopaminergic pathway which can influence the emotional process in the amygdala 

(Muraoka, 2018). This could explain what we obeserved in this study, since we observed 

low 5-HT in the hippocampus of the stressed animals making them more vulnerable to 

the effects of chronic stress, and increased DA in the amygdala. 
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5. GENERAL DISCUSSION 

In this thesis we adapted and characterized the model of chronic stress by 

movement restraint to an unpredictable and variable duration and described the 

following resulting outcomes: reduction in body weight gain, increase in relative adrenal 

weight, increase in hippocampal proinflammatory cytokines, changes in motivated 

behavior, anxiety-like behavior in a social context, increased aggressiveness due to 

alteration in the 5-HT levels in the hippocampus and DA in the amygdala. 

Physiological alterations, such as reduction in body weight gain, heavier adrenal 

glands (Barsy et al., 2010; Di Liberto et al., 2017; Tan et al., 2017) and of increased 

CORT levels (Calvo and Volosin, 2001; Fernandes et al., 1997; Grissom and Bhatnagar, 

2009; Harris, 2015) are indicative of chronic stress. In the current study, the reduction of 

body weight gain was replicated in all experiments performed. Also, we showed that 

stressed animals had heavier adrenals than control animals. However, no differences in 

plasma CORT levels were observed between control and stressed animals. Yet we could 

argue that animals submitted to this protocol were stressed, since the variation in the 

duration of restraint per day prevented habituation, indicating that this could be a good 

model for the evaluation of changes induced by chronic unpredictable stress. 

Although increased CORT levels are used as gold standard for confirmation of the 

animal’s stress condition, this increase is usually found in acute stress (Calvo and 

Volosin, 2001; Fernandes et al., 1997; Grissom and Bhatnagar, 2009; Harris, 2015). This 

is due to the fact that repetition of homotypic stimuli may prepare the organism to 

anticipate the expected events (reviewed in Grissom and Bhatnagar, 2009; Koolhass et 

al., 2011). 

Several sudies have reported that changes induced by chronic stress may be 

related to psychiatric diseases, such as anxiety disorders and depression (Hill et al., 

2012; Chaouloff, 2013; Bali, Jaggi, 2014; Hammels et al., 2015). Then, the development 

of animal models to improve the understanding of this relationship is still important for 

better management of quality of life and treatment of these disorders. Here, we found 

that stressed animals had changes in motivated, anxiety-like and social behaviors, 

cytokines levels and 5-HT and DA levels. There are several studies (Slavich and Irwin, 

2014; Stein et al., 2018) that relate stress to inflammation and behavioral changes as 

decreased social interaction and increased despair behavior similar to what was found in 

this study. Our findings, therefore, support the hypothesis that depression may be, in 
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part, related to inflammation or innate immune system reaction (Berk et al., 2013; 

Passos et al., 2015). 

Another hypothesis for the cause of depression is depletion of monoamines such 

as 5-HT, NA and DA, being well represented by the current most used antidepressants 

(Bunney and David, 1965; Delgado, 2000). However, monoaminergic changes also 

appear to be involved with anxiety disorders, since there is a large co-morbidity of anxiety 

and depression (Kessler, et al., 2003). In this study we found that stressed animals 

showed changes in anxiety-like, motivated and social behaviors in addition to alterations 

in 5-HT and DA levels in hippocampus and amygdala, which together with the increase of 

neuroinflammation corroborates the literature that chronic stress is a risk of factor for 

mood disorders. 

Interestingly, in addition to these changes, we found an increased out-of-context 

aggressiveness, characterized by increased frequency of pin-down by the stressed rats 

and more fear behavior by the target rats in the SI. This aggressive behavior seems to be 

related to changes in the 5-HT levels because it was reduced by treatement with ESC, a 

SSRI antidepressant. 

 

6. CONCLUSIONS 

In this study we elaborated a chronic stress model by movement restraint with 

variable duration that was simple but effective and reliable, since the biological changes 

induced by this model corroborate previous literature data. The main changes caused by 

this model involved physiological (lower body weight gain, heavier adrenals), behavioral 

(less motivated behavior, anxiety-like in social context, low social interaction, higher 

aggressiveness), biochemical (neuroinflammation, low 5-HT in the hippocampus and 

higher DA and 5-HT turnover levels) aspects. Pharmacological treatment with ESC 

attenuated the changes in social interaction. These results confirm that chronic restraint 

stress with variable duration can be a useful tool for studying chronic stress-induced 

changes.  
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