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Abstract 

Clinical and preclinical research both indicate that early life adversities alter sensitivity to 

stress well into adulthood. Although clinical research identifies infancy, childhood, and 

adolescence as periods of heightened vulnerability, the majority of preclinical research 

experiments have examined the enduring impact of stressors delivered either prenatally or prior 

to weaning.  It was recently shown that exposing rats to intermittent stressors across the 

childhood/ adolescent period (PD 21-51) increased their behavioural and endocrine sensitivity to 

stress in adulthood. The purpose of the current project was to determine whether specific 

developmental periods are differentially sensitive to the lasting effects of intermittent stress. 

Male and female Long-Evans rats were exposed to three stressors (foot shock, elevated platform 

exposure, and cold water emersion) two times each, randomly over a twelve day period 

(childhood: PD 22-33 vs. adolescence: PD 35-46). Age-matched controls were briefly handled 

on each of the stressor application days. After completion of the stress exposure period, rats were 

left undisturbed for 27 days and behavioural testing commenced in adulthood.  Intermittent 

physical stress exposure during the childhood period increased anxiety-like behaviours in 

adulthood, as indexed by the Elevated-Plus Maze (EPM) and Shock Probe Burying Test (SPBT).   

This also increased depression-like behaviour in adult male rats and decreased depression-like 

behaviour in adult female rats, as indexed by the Forced Swim Test (FST).  Intermittent physical 

stress exposure in the adolescent period increased open-arm activity, increased burying 

behaviour and increased immobility in the forced swim test, in both male and female rats.  Stress 

during either developmental period, failed to alter corticosterone (CORT) reactivity to restraint 

stress in adulthood.  Thus, it appears that the long lasting behavioural impact of early-life 

adversity can vary, according to the developmental period the stressors are experienced in, but 

this is further modified by sex and the type of test used to evaluate adult behaviour. 
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Chapter 1 

Introduction 

Background Information from Clinical Literature  

Early life adversity in human populations.  Rearing environments, whether positive (e.g., 

enriched; Barnett, 1995; Garces, Duncan & Currie, 2002; Yoshikawa, 1995) or negative (e.g., 

abusive; Gibb, Butler & Beck, 2003; Heim & Nemeroff, 2001; McEwen, 2003; Penza, Heim & 

Nemeroff, 2003), can alter developmental trajectories in children and youth and lead to long 

lasting outcomes on adult behaviour.  Unfortunately, abuse and/or neglect continue to be serious 

issues for a sizable group of children and youth in today‟s society (Public Health Agency of 

Canada 2003; Statistics Canada, 2008).   This suggests that some children/youth within our 

society face adversities that may include but are not limited to: abuse (physical, emotional, 

sexual), family violence, emotional unavailability and neglect (Penza et al., 2003). Clinical 

research indicates that individuals who experience adverse/abusive environments during 

sensitive periods of development are at a much higher risk for developing affective disorders, 

such as anxiety and depression, in adulthood (Gibb, Butler & Beck, 2003; Heim & Nemeroff, 

2001; Lueken & Lemery, 2004; McEwen, 2003; Penza et al., 2003; Pryce et al., 2005).    

While it is well established that exposure to early life adversity can lead to adult 

psychopathology, far less is known as to whether the impact of early life adversity is influenced 

by the developmental stage in which the adversity occurs.   For example, some early studies 

suggest no relationship between the age at the time of adversity and severity of dysfunction in 

adulthood (Kiser, Heston, Millsap & Pruitt, 1991).  Other recent evidence suggests that the long 

lasting impact of early life adversity is greatest when the adversity spans the early childhood 

through late adolescent period (Thornberry, Ireland, & Smith, 2001).  On the other hand, it has 
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also been argued that younger children are more susceptible than older children to severe 

outcomes following adversity (Beitchman, Zucker, Hood, deCosta, Akman & Cassavia, 1992).  

A related issue is whether adversity experienced during different developmental stages leads to 

different outcomes (Maercker, Michael, Fehm, Becker & Margraf, 2004).  For example, 

adversity experienced by young children (under 12 years of age) was shown to increase the risk 

for major depression, whereas adversity experienced by adolescents was shown to increase the 

risk for developing post-traumatic stress disorder (Maercker et al., 2004).   

Given this somewhat inconsistent pattern of findings, it becomes apparent that early life 

adversity, in general, is a complex and dynamic phenomena (Pryce et al., 2005).  First, human 

adversity can take multiple forms and as such can have multiple outcomes.   Second, the severity 

of abuse/neglect that individuals face can vary.  Third, the term early life adversity, in humans, 

can include various forms of neglect (e.g., emotional, physical, abandonment, financial, etc.) and 

abuse (e.g., physical, sexual, emotional etc.; Pryce et al., 2005).   Fourth, children/young people 

rarely experience only one type of adversity during development (Loman & Gunnar, 2010).   

Finally, abuse and/or neglect rarely have a definable time period with a clear beginning and end 

point (Loman & Gunnar, 2010).  These factors emphasize some of the challenges and limitations 

clinical research faces in examining the lasting impact of early life adversity, in general, and 

whether the timing of adversity matters, in particular.   

Animal models of early life adversity.  Some of these limitations can, in part, be 

circumvented through the use of animal models of early life adversity.   Animal models provide 

a means for studying a variety of human phenomena and allow for the implementation of 

methods and causal interpretations, which for various reasons, would not be possible with human 

populations.  Animal models however, cannot (and do not) represent all aspects of the human 



3 

 

 

experience (Lapiz-Bluhm et al., 2008).  Instead, the use of animal models provides a means by 

which controlled experimental treatments can be applied to evaluate causal outcomes on 

behaviour and physiology.  Physical abuse in humans poses an immediate physical threat and is 

usually temporally unpredictable (Pohl et al., 2007).  This phenomenon can be modelled in the 

rat by exposing animals to stressors that are sporadic (temporally unpredictable), brief in 

duration (posing immediate threat to the rat) and highly noxious (e.g., painful, Pohl et al., 2007).    

Most rodent models of early life adversity center around two primary developmental 

periods, those being the prenatal and neonatal/pre-weaning period of development.   In such 

research, the long lasting impact of stress is typically examined by either stressing dams before 

their pups are born or by disrupting and/or analyzing the mother-pup relationship (e.g., maternal 

separation or maternal licking and grooming; for review see Francis & Meaney, 1999; Levine, 

2005).  When offspring from these manipulations are tested in adulthood significant differences 

in physiology, neuroanatomy and behaviour are observed (Francis & Meaney, 1999).  While this 

research is critical to our understanding of developing systems, these models utilize stressors 

applied during either prenatal or neonatal, pre-weaning periods (e.g., Postnatal Day [PD] 1-14).   

This latter time frame in rats roughly equates to the 23
rd

 week of gestation in humans (Fitzgerald 

& Anand, 1993).  However, most human research centers on the outcomes of adversity occurring 

during the childhood/ adolescent period, and as such the available models are not necessarily 

representative of human clinical populations. 

Defining developmental periods such as childhood or adolescence in the rat, as in 

humans, proves to be a challenging task.  It is accepted that the period of change between 

childhood and adulthood can be classified as adolescence (Spear, 2000).  However, many of the 

behavioural and neural changes associated with adolescence are not easily measured by physical 
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indicators (McCormick et al., 2010).  Instead, one way to classify a rat as „adolescent‟ is to 

evaluate a biological hallmark of adolescence (i.e., increases in reproductive hormones; Sisk & 

Zehr, 2005) which is indicative of reproductive maturity.  By this rubric, adolescence is 

approximately PD33-37 in females or PD40-44 in males (McCormick et al., 2010).  However, a 

more comprehensive definition of adolescence would be based on brain maturation and 

behavioural change (McCormick et al., 2010; Sisk & Zehr, 2005).  Neural and behavioural 

changes can occur over the childhood-adolescent post-weaning period (i.e., from PD21 

[weaning] to PD60 [adulthood]; McCormick et al., 2010).  This broader time frame was used in 

Pohl et al., (2007; i.e., PD23-51) to represent early development analogous to 

childhood/adolescence in humans.  However, Tirella, Laviola, & Adriani, (2003) suggest this 

broad period can be further sub-divided into three classifications including early adolescence 

(prepubescent rat, PD21-34), mid adolescence (peri-adolescent rat, PD34-46) and late 

adolescence (young adult rat, PD46-59).  The current project sub-categorized the post-natal day 

range used in Pohl, Olmstead, Wynne-Edwards, Harkness & Menard (2007) using the schema 

put forward by Tirellia, Laviola & Adriani (2003).   

 

A limited number of cross-sectional studies, using rat models, have examined the effects 

of stress during the developmental period of adolescence on various neuroanatomical and 

behavioural outcomes in adulthood.  For example, Isgor, Kabbaj, Akil & Watson (2004) found 

that rats exposed to variable physical stressors across adolescence (PD28-56) had decreased 

hippocampal volume and impaired performance in the Morris Water Maze when tested as adults.  

Tsoory, Cohen & Richter-Levine (2007) reported that rats exposed to variable physical stressors 

during adolescence (PD27-29) demonstrated impaired cognitive performance in a two way 

shuttle avoidance task in adulthood. 
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Adolescent research, in rats, has also examined the impact of stress during this period on 

physiological responses. Rats exposed to physical/chronic/social stressors during development 

show sensitization to drugs of abuse (e.g., amphetamine, cocaine, nicotine, alcohol, etc.; 

McCormick et al., 2010) when tested later in development (i.e., adolescence or adulthood).   For 

example, exposure to chronic restraint stress or chronic variable stress across early adolescence 

(PD25-34) increased male rats‟ cocaine-induced locomotion in a novel environment (Lepsch et 

al., 2005) when rats were tested (PD37) after a brief recovery period.  Enduring effects of social 

stress exposure during adolescence (PD33-48) have also been reported (McCormick et al., 2010), 

such that rats show increased locomotor sensitization to nicotine (McCormick, Robarts, Gleason 

& Kelsey, 2004) and amphetamine (Mathews, Mills & McCormick, 2008) when tested in 

adulthood (PD70+).  Findings such as these suggest that exposure to stress in adolescence may 

lead to both short-term and long-lasting increases in rats‟ sensitivity to drugs of abuse (Lepsch et 

al., 2005; Mathews, Mills & McCormick; McCormick et al., 2010).  Additionally, exposing 

rodents to chronic mild stress protocols during adolescence can alter HPA axis activity in 

adulthood.  This can include increased secretion of corticosterone and decreased receptor (i.e., 

glucocorticoid and mineralcorticoid) mRNA in the hippocampus and dentate gyrus (see 

McCormick et al., 2010).  While this research is compelling and highly informative about 

development, it overlooks two important factors in the examination of early life adversity and 

altered outcomes in adulthood.  First, these models do not evaluate the period of early, post-

weaning/pre-pubescent development, which may be more representative of childhood in humans.  

Second, emotive responses related to anxiety-like and depression-like behaviour (i.e., that are 

more representative of human psychopathology) have not been fully evaluated.  
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Recently, early life adversity research has expanded to examine the impact stress 

exposure during different developmental periods (including early post-weaning time periods) can 

have on emotive behaviours in adulthood.  For example, Pohl et al., (2007) used a rat model to 

determine whether different types of early life adversity (abuse vs. neglect) have similar or 

different long lasting outcomes.  Pohl et al., (2007) modeled physical abuse by exposing rats to 

severe sporadic stress (SSS; e.g., random foot shocks, cold water immersion) across the entire 

childhood/adolescent period (i.e., PD21-51). Neglect was modeled by exposing rats to chronic 

mild stressors (CMS; e.g., wet bedding, water deprivation, white noise, etc.) across this same 

period. Interestingly, the results indicated a profile of responses in these animals that mirrored 

those noted in the clinical setting.  Specifically, SSS increased anxiety-like behaviours in both 

male and female rats, when these animals were tested as adults.  This same treatment increased 

depression-like responses in adult females. Also when female, but not male, rats were exposed to 

CMS across the same period it increased depression-like responses in adulthood (Pohl et al., 

2007).  While these results are intriguing, it remained unclear whether the specific 

developmental periods (childhood or adolescence) were differentially sensitive to the long-term 

outcomes of early life adversity and whether stressors isolated to each of these time periods lead 

to different outcomes.  

Few pre-clinical studies have systematically examined the potential relationship between 

developmental stage (age at time of adversity) and differential vulnerability to stress in 

adulthood.    An extensive search of the literature in this area revealed a limited amount of 

research relevant to this issue.  For example, Tsoory and Richter-Levin (2006) examined whether 

the effects of juvenile (PD28) versus adolescent (PD34) exposure to stress altered adult learning 

under stressful conditions.  They found that rats, exposed to stressors as juveniles, exhibited 
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increased anxiety-like behaviours (e.g., escape, avoidance, etc.) and increased depression-like 

behaviours (e.g., learned helplessness) when tested in adulthood.  Rats exposed to stressors as 

adolescents also demonstrated anxiety-like behaviours (e.g., decreased exploration, poor 

avoidance learning) but learned helplessness-like behaviours were not evident, when these 

animals were tested as adults.  Toth, Avital, Leshem, Richter-Levin and Braun (2008) examined 

whether social and cognitive behaviours in adulthood would be altered by prior exposure to 

stress restricted to either the neonatal (PD5) or juvenile (PD30) developmental period or 

delivered in both the neonatal (PD5) and juvenile (PD30) periods.  While adult cognitive 

function was not different across these groups, increases in stress-induced social avoidance (i.e. 

reduced frequency and duration of social encounters) were most evident in rats exposed to 

stressors in both the neonatal/juvenile periods, providing evidence for a „two-hit‟ hypothesis 

(Toth et al., 2008).  

Finally, there is a limited amount of ongoing non-human primate research, which was 

recently presented at the Society for Neuroscience annual meeting (Cameron, 2009).  This 

research found that permanently removing infant monkeys from their mothers at different 

developmental stages (i.e.  1 week old vs. 1 month old vs. 3 months old vs. 6 months old) 

produced different anxiety-like behaviours when these animals were tested later in development.  

Animals that were removed during the first week of life demonstrated more vocalizations and 

stereotypy; they were also less vigilant in their social environment.  These animals were 

generally more aggressive and more likely to initiate aggressive interactions in new social 

encounters.   Animals that were removed during the first month of life were hyper-vigilant but 

did not demonstrate the other anxiety-like behaviours.  These animals did not show the same 

pattern of aggression as previously mentioned.  Animals removed later in development (e.g. 6 
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months of age) did not demonstrate the same anxiety-like behaviours, but they were more likely 

to receive aggression from other animals in a new social group situation (Cameron, 2009).   

These results, although preliminary, suggest that adult outcomes of early life adversity can be 

altered by the developmental period in which the stressor occurred. 

Neurodevelopmental changes across childhood and adolescence. During development 

the mammalian brain undergoes dramatic changes at two critical periods of life. The first critical 

period is thought to occur during peri-natal development which is marked by cell proliferation, 

differentiation, migration as well as axonal and dendritic branching and an overproduction of 

synapses and receptors within most regions of the brain (Anderson, 2003).  The second critical 

period is thought to occur during periods of transition from childhood/adolescence into 

adulthood (Anderson, 2003). While exposure to stress during the former period has been studied 

extensively, the latter childhood/adolescent transition period remains to be examined in detail.  It 

has been suggested that the impact of a stressor during these later developmental epochs depends 

on the maturational stage of the animal (Anderson, 2003).   Specifically, an immature organism 

will incorporate environmental information (e.g. threats) into the maturing structure and 

function; permanently altering its developmental trajectory.  In contrast, a mature organism 

compensates for changes in its environment (Anderson, 2003).   This suggests that exposure to 

stress at an earlier compared to a later time period could differentially impact neurodevelopment, 

ultimately leading to a different long-term outcome. 

During adolescence the mammalian brain undergoes another proliferation of synapses 

and receptors followed by a period of pruning and elimination (Anderson, 2003).  This process is 

common to most regions of the central nervous system of humans, non-human primates and rats 

(Anderson, 2003).   Adolescence, from an endocrinologist perspective, is a period of dramatic 
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fluctuations in reproductive hormones like oestrogen and testosterone (McCormick et al., 2010).  

However, changes in adolescent animals extend beyond maturation of the endocrine system.  

Additional changes that occur as an animal matures into adulthood can be classified as large 

scale anatomical changes in various regions of the brain (e.g., volume reduction in gray matter 

paired with increased volume of white matter; Anderson, 2003) or small scale morphological 

changes in specific receptors for sensitive neurotransmitter systems (e.g., the dopaminergic 

system; Wahlstrom, White & Luciana, 2010).   For example, several studies indicate that 

dopamine receptors (i.e., D1) in the rat striatum increase over the childhood period (approx. 

PD20-35), peak in adolescence (approx. PD35-40) and decrease in adulthood (for a review of 

changes in the dopamine system during early life see Wahlstrom, White & Luciana, 2010).  

Since cortical and subcortical regions of the brain continue to develop over childhood, through 

adolescence and into adulthood it is not hard to imagine that environmental insults, such as 

exposure to stress, could have differential impacts on the developmental trajectory of regions 

responsible for threat appraisal and behavioural response.   

Outcomes of early life adversity: Human anxiety and depression.  As mentioned earlier, 

exposure to physical abuse and/or neglect during development can increase the risk of 

psychopathology in adulthood (Gibb, Butler & Beck, 2003; Heim & Nemeroff, 2001; Lueken & 

Lemery, 2004; McEwen, 2003; Penza et al., 2003; Pryce et al., 2005).   These psychopathologies 

typically include mood disorders such as anxiety and depression.   The term „anxiety‟ can be 

divided into sub-categorizations such as generalized anxiety disorder, post traumatic stress 

disorder, panic disorder, social phobias, social anxiety, and obsessive compulsive disorder 

(American Psychological Association, 2010).  Generally, anxiety-based disorders are 

accompanied by a number of behavioural and physiological responses including (but not limited 
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to) restlessness and difficulty concentrating; feelings of worry/terror/dread; shortness of breath; 

elevated pulse; alterations to routines; avoidance of potentially triggering stimuli or situations; 

and trembling and/or shakiness (American Psychological Association, 2010).  The term 

„depression‟ can also be divided into sub-categorizations such as: major depression and 

dysthymia (American Psychological Assocation, 2010).  Depression, while sharing a number of 

symptoms with anxiety, is distinguished by decreased interest in pleasurable activities and events 

(i.e., anhedonia; American Psychological Assocation, 2010; Pinel, 2009, p.462), and/or 

chronically low mood (American Psychological Assocation, 2010).  In addition to these outlined 

behavioural and physical changes associated with anxiety and depression, function (or 

dysregulation) of the hypothalamic-pituitary-adrenal (HPA) axis can be examined as a 

physiological index of anxiety and/or depression.   

Normal fluctuations of the HPA-Axis.  The hypothalamic-pituitary-adrenal (HPA) axis 

regulates the circulating levels of stress hormones (e.g. glucocorticoids) within the body.  

Glucocorticoid (cortisol in humans, or corticosterone in the rat) concentration in substrates like 

saliva, blood, and urine provide a means for evaluating HPA axis activity.  The presence of a 

stressful stimuli or the perception of a stressful situation activates cells within the paraventricular 

nucleus (PVN). These PVN neurons release cortictropic-releasing hormone which travels, via the 

hypothalamopituitary portal system, and binds to endocrine cells within the anterior pituitary.  

The anterior pituitary responds by releasing adrenocorticotropic hormone (ACTH) into general 

circulation via the circulatory system.  ACTH travels to receptor cells on the adrenal glands.  

Once bound, glucocorticoids are released from the cortex of the adrenal glands for use 

throughout the body (Pinel, 2009, p.444). 
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Dysregulation of the HPA-Axis: Early Life Adversity and Psychopathology. Some forms 

of early life adversity are associated with alterations to HPA-axis fluctuations and diurnal 

rhythms.  For example, children who had a history of maltreatment had atypical cortisol diurnal 

rhythms (Bruce, Fisher, Pears & Levine, 2009; Gunnar, Morison, Chisholm & Schuder, 2001).  

Additionally, psychopathologies, such as anxiety and depression, are also associated with 

atypical patterns of HPA-axis function.  Both anxiety and depression are associated with 

hyperactivity within the HPA-axis. For example, Vreeburg, Zitman, van Pelt, DeRijk, Verhagen, 

van Dyck, Hoogendijk, Smit, & Penninx (2010) found that individuals with a current anxiety 

disorder had elevated basal cortisol levels, during testing, and elevated morning cortisol, in 

general.  No changes were noted in evening cortisol levels or cortisol suppression after 

dexamethasone administration (Vreeburg et al., 2010).  Similarly, depression is associated with 

hypercortisolemia (an overactive release of cortisol due to hyperactivity within the HPA axis; 

Gillespie, & Nemeroff, 2005).   Some depressed patients, compared to non-depressed controls, 

fail to suppress secretion of cortisol after the administration of dexamethasone, which should 

downregulate the HPA axis (Caroll, 1968; Caroll, 1982 both as cited in Gillespie & Nemeroff, 

2005).  As such, Dexamethasone non-supression (DST-NS) and irregular cortisol concentrations 

are often used as biological markers of depression-like HPA activity (Gillespie & Nemeroff, 

2005). 

Animal models of anxiety and depression and HPA-axis activity. Similar to animal 

models of early life adversity described earlier, animal models can also be used to evaluate 

certain behaviours associated with aspects of human psychopathology (e.g., behavioural despair, 

avoidant behaviour, learned helplessness, anhedonic tendencies, etc.; Lapiz-Bluhm, 2008). The 

proposed research will use a battery of animal models of anxiety and depression.  This battery 
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includes: animal models of anxiety and defensive behaviour (i.e., Elevated Plus-Maze, EPM; 

Shock Probe Burying Test; SPBT), an animal model of depression (i.e., Forced Swim Test, FST) 

and a physiological measure of stress response and recovery (i.e., Plasma Corticosterone, 

CORT).   

Elevated Plus Maze. The EPM is a widely used, animal model of anxiety.  The EPM has 

been pharmacologically validated.   Anxiolytic drugs (e.g., benzodiazapines) typically increase 

open arm activity, whereas anxiogenic drugs (e.g., caffeine) typically decrease open arm activity 

(Lapiz-Bluhm et al., 2008; Pellow & File, 1986; Treit, Menard & Royan, 1993). Given acutely, 

some atypical, non-benzodiazepine anxiolytic drugs (e.g. the selective serotonin reuptake 

inhibitor (SSRI), fluoxetine, and the serotonin ((5HT)1A  receptor agonist, gepirone) can have 

anxiogenic properties thereby decreasing open arm activity in the EPM (Drapier et al., 2007; 

Silva & Brandao, 2000).  Chronic treatment with some atypical anxiolytic agents (e.g. 

fluoxetine) maintains this anxiogenic profile (i.e., decreased open arm activity; File, Ouagazzal, 

Gonzalez & Overstreet, 1999; Silvae & Brandao, 2000).  By contrast however, chronic treatment 

with other atypical anxiolytic agents (e.g., gepirone) increases open-arm exploration in the EPM 

(Silva & Brandao, 2000).   Interestingly,  following chronic administration 5HT1A agonists (e.g. 

gepirone, busipirone) demonstrate positive results in the clinical treatment of anxiety and 

depression (Blier & Ward, 2003), suggesting that the EPM might be a useful model for screening 

drugs thought to be efficacious in the treatment of co-morbid anxiety-depression.  Finally, drugs 

that are not classified as anxiolytic or anxiogenic in human populations (e.g., the anti-psychotic, 

haloperidol) typically do not produce consistent alterations in open arm activity (Pellow, Chopin, 

File & Briley, 1985).   
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This model has also been validated behaviourally and physiologically; that is, when rats 

are forced to stay on an open arm they show increased freezing, defecation and increased plasma 

corticosterone (Lapiz-Bluhm et al., 2008; Pellow, Chopin, File & Briley, 1985; Treit, Menard & 

Royan, 1993).  Anxiety, in this test is indexed by the percentage of open arm entries (relative to 

total entries) and the percentage of open arm time (relative to time spent in any arm).   Increases 

in open-arm activity are then indicative of lower anxiety-like response.    

Shock Probe Burying Test. The SPBT is another animal model of anxiety.  While 

exploring the test environment the rat eventually makes contact with the copper wrapped 

Plexiglas probe, with either its snout or a forepaw, which closes the electrical circuit and results 

in a self-induced shock.  After receiving shock(s), the animal‟s innate, defensive response is to 

„bury‟ the electrified probe using alternating movements of the front limbs to spray bedding 

material toward and over the probe (Pinel & Treit, 1978).  The SPBT has been validated 

pharmacologically (Treit, 1990).   Anxiolytic drugs (e.g., benzodiazapines) typically decrease 

burying behaviour in a clinically relevant, dose-dependent manner.   Anxiogenic drugs typically 

increase burying (Lapiz-Bluhm et al., 2008; Treit, 1990).  Drugs which are not classified as 

either anxiolytic or anxiogenic agents (e.g., morphine, anticonvulsants) do not show consistent or 

specific effects on defensive burying (Lapiz-Bluhm et al., 2008).  This model has also been 

physiologically validated (De Boer & Koolhaas, 2003; De Boer, Slangen & Van Der Gugten, 

1999).  Animals show increases in plasma corticosterone in response to the electrified probe; this 

response is amplified when bedding material is removed (De Boer Slangen & Van Der Gugten, 

1999).  While in the SPBT, animals also demonstrate a number of behaviours (e.g., freezing, 

rearing, etc.) which are indicative of anxiety-like states (De Boer & Koolhaas, 2003).  Thus, the 

test has also been validated as a behavioural model of anxiety.  The primary index of anxiety in 



14 

 

 

this test is the duration of time spent burying the probe, with decreases in burying indicative of 

lower anxiety-like response.   

These two animal models of anxiety are similar in that they effectively assess anxiety-

like responses based on innate behaviours that do not require extensive conditioning (Lapiz-

Bluhm et al., 2008).   While these commonalities are noted, these models do not perfectly 

coincide with one another.   Generally, anxiolytic agents, typically decrease open arm avoidance 

and burying behaviour (Pellow & File, 1986; Treit, 1990; Treit, Pinel & Fibiger,1981) while 

anxiogenic agents typically increase these behaviours (Pellow & File, 1986; Treit, 1990; Treit, 

Menard & Royan, 1993).  These models, however, assess two different aspects of anxiety-like 

response.    The EPM test does not involve a discrete threat stimulus but rather assesses 

approach-avoidance conflict that taps into two innate drives (i.e., novelty induced exploration vs. 

avoidance of open spaces; Montgomery, 1955).   The SPBT, on the other hand, assesses the rat‟s 

reactivity to a discrete, localizable threat stimulus (i.e., an electrified probe) presented within the 

rat‟s environment (Pinel & Treit, 1978).    Thus, when the models are used conjointly with one 

another a more comprehensive representation of anxiety-like response is gained.    

Forced Swim Test. The FST is an animal model of depression.  The test consists of a 

cylindrical glass or plastic container that is filled with water, such that when a rodent is placed in 

the chamber, it is unable to touch the bottom and is forced to swim.  The FST involves two 

phases; the habituation phase and the subsequent test phase (Porsolt, Le Pinchon & Jalfre, 1977).  

During the habituation phase, rats predominantly exhibit escape-like responses, such as vigorous 

swimming, followed by periods of immobility towards the latter part of the habituation trial 

(Cryan, Valentino & Lucki, 2005; Porsolt, Anton, Blavet, & Jalfre, 1978; Porsolt, Le Pinchon & 

Jalfre, 1977).  When the rats are re-exposed to swimming conditions in the test trial, twenty-four 
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hours after habituation, they predominantly exhibit immobility, which is thought to reflect a form 

of learned helplessness (Bielajew et al., 2003; Cryan, Valentino & Lucki, 2005).  Immobility is 

used as the index of depression-like behaviour in the FST.  The test has been pharmacologically 

validated (Porsolt, Le Pinchon & Jalfre, 1977; Porsolt et al., 1978) and is sensitive to a broad 

range of anti-depressant drugs (e.g., tricyclics, monoamine oxidase inhibitors, atypical 

antidepressants, and somatic treatments; Cryan, Valentino, & Lucki, 2005).  For example, 

decreases in immobility are noted when animals are given anti-depressant drugs prior to testing 

(Porsolt et al., 1978).  The FST has also been used to distinguish drugs that are not typically 

considered anti-depressants.  For example the majority of benzodiazapines do not increase or 

decrease immobility in the FST (Lapiz-Bluhm et al., 2008).  A notable exception is alprazolam (a 

benzodiazepine with known clinical efficacy in the treatment of depression; Petty, Trivedi, 

Fulton, & Rush, 1995), which decreases immobility in the FST (Lapiz-Bluhm et al., 2008).  

Physiological changes (e.g., elevated CORT) are also evident following an initial exposure to the 

FST (Connor et al., 1997; Bielajew et al., 2003).   Importantly, a number of risk factors 

associated with depression such as chronic mild stress exposure, clinical diabetes, and genetic 

vulnerability/predisposition are also associated with increased immobility in the FST (as 

reviewed in Cryan, Valentino & Lucki, 2005).  Thus the FST appears to be a widely used and 

validated animal model of depression.  

Plasma Corticosterone. To coincide with the animal models of anxiety-like and 

depression-like behaviour, plasma CORT can be used as a physiological index of stress reactivity 

and recovery. Normally, plasma corticosterone is maintained at relatively low basal levels 

whereas after exposure to a stressor, increases in plasma CORT levels are evident (McCormick 

& Mathews, 2007; McCormick et al., 2010).  Once the stressor is removed, plasma CORT levels 
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gradually decrease and return to basal levels due to negative feedback regulation within the HPA 

axis (McCormick & Mathews, 2007; McCormick et al., 2010).  Abnormal fluctuations and/or 

failure to return to pre-stress baseline measures are indicative of HPA-axis dysregulation.  

Objectives 

It is clear that only a limited amount of research has systematically examined how exposure 

to early life adversity during different developmental periods alters emotive behaviour in 

adulthood.  As such, more research is required to gain a definitive understanding of how 

exposure to stress in early life influences adult behaviour; specifically those behaviours related to 

affect and mood regulation. Therefore, using the rat as a model organism, the goal of the current 

research project is to further extend previous research findings (Pohl et al., 2007) by exposing 

animals to physical stressors at different developmental epochs (i.e., childhood vs. adolescence).  

The specific objectives are to:  

1) determine whether childhood stress and adolescent stress differentially impact anxiety-

like behaviour in adulthood; 

2) determine whether childhood stress and adolescent stress differentially impact 

depression-like behaviour in adulthood; and  

3) determine whether childhood stress and adolescent stress differentially impact 

corticosterone reactivity to stress in adulthood. 

In summary, evidence indicates that brain maturation differs between the childhood and 

adolescent  developmental epochs (Anderson, 2003; Sowel, Peterson, Thompson, Welcome, 

Henkenius & Toga, 2003; Wahlstrom, White, & Luciana, 2010; Weidenmayer, 2004). This 

raises the possibility that long-term outcomes of early life adversity depend on the 
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developmental period the adversity occurs in (Anderson, 2003). While research into this 

possibility is sparse, it is supported by both clinical (Maercker et al., 2004) and preclinical 

(Cameron, 2009; Toth et al., 2008; Tsoory & Richter-Levine, 2006) studies.  The current 

research project aims to further our understanding of whether childhood and adolescence are 

differentially vulnerable to the long lasting impact of early life diversity.  It is hypothesised that 

physical stressors applied to rats during the childhood period (PD 22-33) will have a different 

outcome in adulthood than do physical stressors applied during the adolescent period (PD35-46). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



18 

 

 

Chapter 2 

Methods 

The following experimental procedures were conducted in accordance with the Canadian 

Council on Animal Care (CCAC) guidelines for the ethical use of animals in research.  These 

procedures were also pre-approved by the Queen‟s University Animal Care Committee. 

 In-House Breeding Program. Breeder rats (8 female, 4 male) were obtained from 

Charles River, Quebec.  These rats were approximately 250g to 350g and were reproductively 

mature.  Upon arrival, all rats were habituated to the university facility for one week. This 

allowed rats to acclimatize to the facility and individuals working with the rats.  After this 

habituation period, the husbandry protocol (described below) was initiated.   

Husbandry Protocol.  Male rats were placed into large Plexiglas breeding cages (40 cm x 

50 cm x 20 cm) one day (24 hours) prior to two female rats being introduced.  Husbandry trios 

were maintained in this manner for ten days in order to cover at least one full estrous cycle for 

each female rat (Long & Evans, 1922 and Freeman, 1988 as cited in Marcondes, Bianchi & 

Tanno, 2002). After this 10 day period, male rats were removed from the breeding cages and 

female rats were separated and individually housed in large Plexiglas cages (40 cm x 50 cm x 20 

cm). During this time dams were provided with nesting material (e.g. Nestletes™, Ancare, 

Bellmore: NY, shredded paper, etc.) until the pups were born. Dams were monitored for health 

and wellness, but left undisturbed as much as possible during gestation. Once delivered, dams 

and pups were left undisturbed as much as possible while still maintaining facility protocols. 

Pups remained with their dam until postnatal day (PD) 21 at which point they were sexed, 

weighed, housed in individual cages and placed into the sex specific colonies.  
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Behavioural Testing 

Adolescent Rats 

Childhood Rats 
PD61-75 

PD73-87 

Stress Treatment  

PD22-33 PD34-60 

PD35-46 PD47-72 

Recovery Period 

Experiment 1 – Examining the effects of childhood or adolescent stress on behavioural reactions 

to acute stress in adulthood 

Subjects  

Male and female Long-Evans rats (N=76) were obtained from the in-house breeding 

program, described above. After weaning, offspring rats were maintained in sex-specific colony 

rooms on a 12hr-12hr light/dark cycle, with lights on at 0700. The rats were individually housed 

in standard Plexiglas cages (26 cm x 48 cm x 20 cm) containing standard lab wood shavings 

(BetaChips, NEPCO; Warrensburg, NY) and were provided with standard rat chow (LabDiet, 

PMI Nutrition International; Brentwood, MO) and water ad libitum. 

Procedures 

 A general summary of the timeline for the stress regimen, recovery period, and 

behavioural testing procedures (described in full below) is provided in Figure 1.  

Figure 1. 

Note: Postnatal Day (PD) 

Stress Regimen. At weaning (PD21), rats were randomly assigned into one of four 

treatment groups: childhood no-stress control, childhood stress, adolescent no-stress control, or 

adolescent stress. For the childhood stress group, beginning on PD22 experimental rats were 
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 Day Day Day Day Day Day Day Day Day Day Day Day 

Treatment 1 2 3 4 5 6 7 8 9 10 11 12 

Stress WI(am) B EP(am) B EP(pm) B FS(am) FS(pm) B WI(pm) B B 

Control H(am) B H(am) B H(pm) B H(am) H(pm) B H(pm) B B 

 

exposed to a random, intermittent series of stressors across a 12 day period. The stressors 

included water immersion (WI), elevated platform exposure (EP), and foot shock (FS), which are 

each described in detail below. Childhood control rats were handled (H) for brief periods of time 

on stress application days to resemble the amount of handling experimental rats received. To 

minimize predictability, where ever possible, stressor applications occurred at varied times 

during the day, either in the morning (a.m., 9am-12:30pm) or in the afternoon (p.m., 1pm-

4:30pm). Days where no handling/stress treatment was scheduled were considered break (B) 

days. On PD34, after the completion of the stress exposure period, all rats in the childhood 

groups were given a 27 day recovery period and behavioural testing commenced on PD61. Table 

1 depicts the randomly assigned stressor exposure, handling and break day schedule. 

Table 1: Treatment Schedule 

 

Abbreviations: Water Immersion (WI); Elevated Platform (EP); Foot Shock (FS); Handling (H); Break (B). 

 For the adolescent stress group, beginning on PD35, experimental rats were exposed to 

same stress regime depicted in Table 1.  Adolescent control rats were briefly handled on stressor 

application days to resemble the handling of adolescent stress rats. On PD46, after completion of 

the stress exposure period, all rats in the adolescent groups were given a 27 day recovery period 

and behavioural testing commenced on PD73.  

Elevated Platform Exposure.  Rats were transported in their home cage to a separate 

testing room containing the elevated platform.  The elevated platform was a Plexiglas tower (10 
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cm x 10 cm x100 cm) with interchangeable platforms for the childhood stress (10 cm x10 cm) 

and the adolescent stress (15 cm x15 cm) groups, respectively.  The interchangeable platforms 

were placed on top of the tower which was centered in a Plexiglas open field (48 cm x100 cm x 

100 cm).  The open field was lined with microfoam padding to prevent injury should a rat jump 

or accidentally slip from the platform.  Rats were individually placed on the elevated platform 

for thirty minutes.  If a rat jumped or accidentally slipped off the platform, the timer was 

stopped, the rat was placed back on the platform and the timer was started again to ensure all rats 

were on the platform for an equal amount of time.  At the end of 30 minutes, rats were removed 

from the platform, placed back in their home cage and returned to their respective colony rooms.  

The platform was cleaned with disinfectant and water after each rat‟s exposure.  

Water Immersion. Rats were transported in their home cage to a separate testing room 

containing the water immersion apparatus.  The apparatus consisted of four parts: the immersion 

tank, the restraint tubes, the stabilizer plate, and the ventilated restraint tube lids.  The water 

immersion tank was an opaque plastic container (40 cm x 40 cm x 60 cm).  Water was added to 

the tank and titrated to 24°C.  The height of the water was determined by the age and size of the 

rats being immersed. Specifically, for the childhood stress group, the water height was 6 cm at 

the time of the rats‟ first water immersion and 8 cm at the time of their 2
nd

 immersion.  For the 

adolescent stress group, the water height was 10 cm and 12 cm for the first and 2
nd

 immersion, 

respectively.  The restraint tubes were made of black polyvinyl chloride (PVC) pipe; 7 cm 

diameter and 20 cm long for childhood stress and 30 cm long for juvenile stress groups, 

respectively.  The PVC pipe restrained a rat so it was able to stand or sit in the water, but could 

not escape.  A Plexiglas stabilizing plate (35 cm x 50 cm) was placed in the tank (approximately 

15 cm from the bottom of the immersion tank) to prevent the restraint tubes from moving or 
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falling under the water line.  After a rat had been placed in a restraint tube, the tube was inserted 

through the stabilizer plate and lowered into the water filled immersion tank.  Once all the 

restrainers were placed in the tank they were covered with a ventilated lid (2.5 cm x 10 cm x 35 

cm; each ventilated lid covered three restraint tubes).  The timer was started when the first rat 

was placed into the tank. All rats were immersed in water for 45 minutes.  During this time, rats 

were monitored.  In the event a rat‟s head fell below the surface of the water or a rat was 

showing strained, shallow breathing, the lid was removed from the restraint tube and the restraint 

tube was lifted from the water.  Once the rat‟s breathing normalized, the restraint tube was 

replaced into the immersion tank.  After the 45 minute exposure period, rats were removed from 

the immersion tank and removed from the restraint tube.  Rats were dried off and returned to 

their home cages.  Rats were transported to another testing room where they were placed under a 

heat lamp for 15 minutes; they were then returned to their respective colony rooms.  

Foot Shock Exposure. Rats were transported in their home cage to a room containing four 

operant conditioning boxes (Med Associates Inc., St. Albans, VT) that contain a grid floor which 

could be programmed to deliver electric shock. The boxes were sound attenuated and ventilated.  

During the foot shock exposure, rats received three shocks randomly over a 5min period.  Each 

foot shock was 3sec in duration and 0.6mA in magnitude.  After the exposure period, rats were 

returned to their home cages and transported back to their respective colony rooms. The 

conditioning boxes were cleaned with disinfectant after each rat‟s exposure. 

Behavioural Testing. Rats were put through a battery of tests consisting of two animal 

models of anxiety (i.e. EPM and SPBT) and a single animal model of depression (i.e. FST), as 

further described below.  For the childhood groups, EPM testing occurred on PD61, SPBT 

testing occurred on PD68 and FST testing occurred on PD74. For the adolescent groups, EPM 
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testing occurred on PD73, SPBT testing occurred on PD80 and FST testing occurred on PD87. 

All behavioural tests were recorded using a Sony Handycam Digital 8 (DCR-TVR315 NTSC) 

camcorder and the digital recording program MovieStar 5. Coding of behavioural data was 

conducted using Noldus Observer 5.0 (Wageningen, Netherlands) at a later time. 

Elevated Plus-Maze. Elevated Plus-Maze testing took place between 09:30 and 11:30. 

The EPM was a urethane-sealed wood maze that had both open (50 cm x 10 cm) and closed arms 

(50 cm x 10 cm x 40 cm), and was raised 50 cm above the floor. Rats were transported 

individually, in their home cages, to the testing room containing the maze. Testing was 

conducted under dim light.  Rats were individually placed on the center of the maze facing a 

closed arm. Rats were observed for open and closed arm behaviour over the 5min testing period. 

Open and closed arm entries were noted only when a rat had all four paws in the given 

open/closed arm. The number of open arm entries proportional to the total number of entries 

(open and closed) was calculated as a percentage of entries made. Also, a percentage of time 

spent in the open arm was calculated as time spent on the open arms relative to time spent in the 

open and closed arms. General locomotor activity was indexed by the total number of entries 

made into the closed arms of the maze. On test days, all male rats were tested, the maze was 

cleaned with disinfectant and water, the maze was dried and then the female rats were tested.  

Shock-Probe Burying Test. Shock-probe testing took place between 11:30 and 14:00. The 

test apparatus consisted of a Plexiglass chamber (40 cm x 30 cm x 40 cm) that contained bedding 

material (BetaChips, NEPCO; Warrensburg, NY) on the floor of the chamber to a height of 

approximately 5 cm. This allowed for approximately 3 cm of space between the bedding and the 

probe, when it was inserted for testing.  
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Rats were habituated to the apparatus (without the probe) for the four days prior to 

testing. During this time four rats were transported to a testing room and individually placed into 

a test chamber for 15min each day. On testing days, rats were individually transported to the 

testing room and placed in a test chamber that now had an electrified copper wire-wrapped 

Plexiglas probe (6 cm x 0.5 cm x 0.5 cm) inserted through a hole in one side of the chamber. 

Using a 2,000-V shock source, the intensity of the shock was set at approximately 2.25 mA. The 

duration of this test was 15 minutes which began immediately after the rat‟s first shock. After 

testing, rats were returned to their home cages and transported back to their respective colony 

room. Any fecal matter was removed from the test chamber and the bedding material was 

smoothed out to the original 5 cm thickness.  

The behaviours that were coded for this test included: 1) total duration of time spent 

burying (i.e., pushing bedding material toward the probe using rapid, forward thrusts of the 

forelimbs or head) 2) duration of time spent immobile (i.e. absence of movement, except that 

needed for respiration) and 3) total number of shocks.  Rats immediate behavioural response to 

shock (i.e. shock reactivity) was coded according to the following Likert Scale: (1) head flinch; 

(2) whole body flinch; (3) whole body flinch with movement away from the probe; and (4) jump 

with rapid movement away from the probe (Menard & Treit, 1996). A mean shock reactivity 

score was calculated for each rat by summing their shock reactivity values and dividing this 

number by the total number of shocks received. On any given test day, all male rats were tested 

prior to testing any female rats. Male and female rats were tested in sex specific testing 

chambers. 

Forced Swim Test. Forced swim testing took place between 13:00-1500. On both the 

habituation day and the test day, rats were transported in their home cage to the testing room 
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containing the FST apparatus. Rats were individually placed in vertical glass beakers (height: 40 

cm; diameter: 18 cm) containing 20 cm of water for males and 15 cm of water for females. 

Water was maintained at 25°C for both habituation and testing. The habituation exposure period 

was 10min in duration. Testing of rats commenced 24hrs after the habituation exposure and was 

5min in duration. After either habituation or testing, rats were dried and returned to their home 

cage. Rats were then transported to a separate testing room where they were placed under a heat 

lamp in their home cage for 15min at which point they were returned to their respective colony 

room.   The total duration of immobility and swimming were measured during the 5min test 

period. A rat was judged to be immobile whenever it stopped swimming and floated in a 

horizontal position with its head just above the surface of the water (as defined by Porsolt et al., 

1977). Swimming was noted if a rat was moving all four limbs and tail to propel itself around the 

apparatus.  

Data Analysis 

 The data analysis, described in detail below, was conducted using the statistical package 

for social science (SPSS) version 18.0 (SPSS Inc., Chicago, IL)  

Body Weight. Body weight was recorded weekly, after each behavioural test [i.e., 

childhood: PD61(EPM), PD68(SPBT), PD74(FST); and adolescent: PD73(EPM), PD80(SPBT), 

PD87(FST)]. Data was analyzed using a repeated measures analysis of variance (ANOVA). The 

within-subject variable was weight change over the course of testing (EPM, SPBT, FST). The 

between subjects variables were Sex (male vs. female), Treatment (no-stress control vs. stress 

exposed) and Age at Treatment (during the childhood period vs. during the adolescent period). 
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Elevated Plus Maze/Forced Swim Test. Data from these animal models were analyzed 

using a 2X2X2 factorial ANOVA. The between-subjects variables were Sex (male vs. female), 

Treatment (no-stress control vs. stress exposed) and Age at Treatment (during the childhood 

period vs. during the adolescent period).  

 Shock Probe Burying Test.  Because there was a significant, positive correlation of mean 

shock reactivity with the duration of burying, r(71)=.28, p=.02, data from the SPBT were 

analyzed using a 2X2X2 factorial ANCOVA, with mean shock reactivity used as the covariate.  

The between-subjects variables were the same as in the previously mentioned analysis. 

 Experiment 2 – Examining the effects of childhood or adolescent stress on corticosterone 

reactivity to acute stress in adulthood. 

Subjects 

Male and female Long-Evans rats (N=64) were obtained from the in-house breeding 

program described earlier.  Housing conditions were the same as for Experiment 1. 

Procedure 

Stress regimen.  At weaning, rats were randomly assigned to either the childhood control 

(n=16), childhood stress (n=16), adolescent control (n=16) or adolescent stress (n=16) 

conditions.  The stress regimen and subsequent recovery period were the same as in Experiment 

1. 

Plasma Corticosterone Assay.  Beginning on PD66 (childhood groups) and PD77 

(adolescent groups), test naïve rats were habituated to a plasma CORT collection protocol.  Each 

day, for 4 days prior to testing, rats were transported to the facility surgical suite and were gently 

restrained by hand to expose their hind legs.  On the final habituation day (i.e., 24hrs before 
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sample collection) rats were gently restrained by hand (to expose their hind legs) and were 

shaved using gentle unscented shaving cream (i.e. Gillette ™ ladies shave gel; unscented with 

aloe) and disposable razors (Bic ™).  This process exposed the saphenous vein where whole 

blood samples would be collected from later.  As part of this habituation process, each day that 

rats were restrained they also spent a brief period of time (approximately 15min) in a quiet, 

dimly lit hallway that was adjacent to the facility surgical suite.  This hallway was used as a 

recovery area on the sample collection days.  

At the time of sample collection, a single rat was transported to the facility surgical suite 

and removed from its home cage.  The rat was gently restrained by hand and the hind leg was 

extended to expose the saphenous vein.  This area was cleaned with an alcohol-based wipe and a 

petroleum-based lubricant (Vaseline ™) was applied.  The vein was then punctured with a 23 

gauge needle at which point whole blood (300μL) was collected, into chilled Microvette ® 

(CB300; Sarstedt AG & Co., Montreal, QC.) tubes, pre-coated in ethylenediaminetetraacetic acid 

(EDTA) dipotassium salt. After the blood sample was collected, a gauze pad and pressure were 

applied to the rat‟s leg to facilitate clotting (approximately 3min).  The rat was then placed into a 

plastic restraint bag (DecapiCone ™ disposable rodent restrainers, Braintree Scientific; 

Braintree, MA), which was closed using a standard elastic band.  The rat was then placed into an 

opaque cage (26 cm x 48 cm x 20 cm) without bedding for 30min.  During this time, the rat was 

monitored for signs of distress and laboured breathing. After the 30min restraint, the rat was 

removed from the opaque cage and the second blood sample (300μL)  was taken from the 

opposite hind leg.  Again, pressure was applied to promote clotting of the second puncture.  The 

rat was then removed from the restraint bag and returned to its home cage at which point the 

cage was removed from the facility surgical suite, and placed in the adjacent, quiet, dimly lit 
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hallway.  After another 30min interval (i.e. 60min from sample 1; 30min from sample 2), the rat 

was brought back into the facility surgical suite and a third sample (300μL) was collected; this 

sample followed the procedure described for the first sample.  The rat was returned to its home 

cage and was replaced outside the facility surgical suite in the recovery hallway for a final 60min 

interval.  For collection of the fourth sample (300μL), the rat was brought back into the facility 

surgical suite.  After this fourth and final sample was taken the rat was returned to its home cage 

and replaced in the recovery hallway. This process was repeated for all rats.  On any given 

collection day, rats were processed at staggered 5-10min intervals within a restricted 4hr time 

frame (i.e. first sample collected from the first rat no earlier than 3hrs after lights on).  Once all 

rats, on a given collection day, had completed this process (i.e. provided all four samples) they 

were returned to the colony and were monitored over the next hour for signs of distress.  Male 

and female rats were processed on separate days.   

During the collection process, blood samples were temporarily stored on crushed ice until 

spinning. The Microvettes ® were spun in a table top Micro-centrifuge (Fisher Scientific, Model 

59A) for 10min at a rate of 2800 rpm. The plasma sample, from each whole blood sample, was 

removed using a micropipette (Hamilton ™; Reno, NV) and placed in a microtube (1mL). All 

plasma samples were stored at −80 ◦C until processing via an enzyme-link immunosorbent assay 

(ELISA).   

Enzyme Linked Immunosorbant Assay. The ELISA can be used to evaluate the 

concentration of CORT in a given plasma sample.  The current data were evaluated using a 

commercially available competitive ELISA kit (Neogen, Lexington, KY).  Briefly, in a 

competitive assay, the sampled CORT competes against an enzyme conjugate (e.g., CortHRP) 

for a limited number of binding sites within a well that is pre-coated with a highly specific 
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CORT antibody.   All excess and unbound material is washed away at which point a colour 

substrate is added to the well.  This colour agent binds to any enzyme conjugate that is present.  

As such, the amount of colour pigmentation is inversely related to the amount of CORT, such 

that dark colouration indicates low levels of the steroid, whereas light colouration indicates high 

levels of CORT in the sample.   

Each plasma sample was extracted and placed into disposable glass culture tubes 

(VWR® Durham, Batavia, IL.).  Ethyl ether (1mL) was added to each sample. Tubes were 

vortexed for at least 30 seconds at which time they were placed in an Acetone bath to freeze 

unusable substances (e.g. protein) within the plasma sample.  This freezing process allows for 

the separation and transfer of organic material into a second disposable glass tube (VWR® 

Durham, Batavia, IL).  This process was repeated twice to obtain as much steroid as possible 

from each sample.  The solvent in each tube was then evaporated off under a nitrogen stream and 

the remaining residue was ready for reconstitution.  Each sample was diluted with extraction 

buffer (2X volume of original volume of plasma).  Samples were then vortexed again to dissolve 

the desiccated residue into the extraction buffer.  After reconstitution, samples were assayed in 

duplicate within the assay plate.  Enzyme conjugate was added to each well, at which point the 

competition for binding sites began.   

Known concentration standards were prepared and processed in duplicate on each assay 

plate.  This process provides a standard curve, against which all samples within a plate can be 

compared. The concentration of CORT in the standard curve was: S0-0ng/mL, S1-0.05ng/mL, S2-

0.1ng/mL, S3-0.2ng/mL, S4-0.5ng/mL, S5-1ng/mL, S6-2ng/mL, S7-5ng/mL, respectively.  After 

each plate was loaded with standards, samples, and enzyme conjugate it underwent a 1hr 

incubation period.  The contents of each plate was then emptied and washed three times with 
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wash buffer (300µL).  A colouring agent (K-Blue Substrate; 150µL) was added to each well, and 

the plates were incubated for an additional 30min, at which point a colour stop agent (1N HCI 

solution; 100 µL) was added to each well.  Plates were then evaluated using a microplate reader 

(450nm; BioTek Synergy Multi-mode Microplate Reader, BioTek Instruments Inc., Winooski, 

VT.) to obtain optical colour density readings.  If duplicated samples produce different values, 

the average of the duplicate was used to ensure the highest amount of reading accuracy. Finally, 

to ensure inter-assay reliability a single sample was repeatedly evaluated on every plate within 

the assay. Additionally, to ensure intra-assay reliability duplicate samples (as described earlier) 

were compared.   The intra- and inter-assay variability was less than 5 and 10%, respectively.  

Data Analysis 

 Body Weight. The body weight of rats was taken on the day of plasma CORT collection.  

This data was analyzed in a 2X2X2 ANOVA, with Sex (male vs. female), Treatment (no-stress 

control vs. stress exposed) and Age at Treatment (childhood vs. adolescence) as between 

subjects variables.  

Plasma Corticosterone. Corticosterone levels at the four sampling points (pre-stress, 

30min post-stress, 60min post-stress, and 90 min post-stress) were evaluated using a repeated 

measures ANOVA.  The within-subject variable was the CORT sampling time (0, 30min, 60min, 

90min).  The between subjects variables were Sex (male vs. female), Treatment (no-stress 

control vs. stress exposed) and Age at Treatment (childhood vs. adolescent).   
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Chapter 3 

 
Results 

 

Experiment 1 - Examining the effects of childhood or adolescent stress on behavioural reactions 

to acute stress in adulthood. 

For ease of presentation, only theoretically meaningful findings are reported below. For 

full ANOVA/ANCOVA results, refer to Tables 3-7, as indicated below.  

Analysis of Body Weight. To determine if treatment affected general growth patterns, the 

rats were weighed after each of the 3 behavioural tests (body weight data and relevant ages at 

testing are summarized in Table 2).   Importantly, the analysis revealed no main effect of 

Treatment or Treatment-related interactions on body weight.  As expected, there was a 

significant main effect of Sex on body weight, F(2,136)=77.71 p<.001, η
2
=.53, with male rats 

weighing more than females at Time 1 (i.e., just after elevated plus maze testing) 

F(1,75)=146.85, p<.001, η
2
=.67, Time 2 (i.e., just after shock probe testing) F(1,75)=210.71, 

p<.001, η
2
=.74, and Time 3 (i.e., just after forced swim testing), F(1,75)=218.93, p<.001, η

2
=.75. 

There was a significant main effect of Age at Treatment on body weight, F(2, 136)=19.91, 

p<.001, η
2
=.23, however male rats accounted for the majority of this Age at Treatment effect.  

Adult rats from the adolescent group weighed more than adult rats from the childhood group at 

Time 1 (i.e., just after elevated plus maze testing), F(1,74)=5.08, p=.03, η
2
=.06.  Further 

inspection of the data revealed that adult male rats from the adolescent group weighed 

significantly more than adult male rats from the childhood group at all three time points: Time 1 

(PD61 vs. PD72), F(1,38)=18.92, p<.001, η
2
=.33, Time 2 (PD68 vs. PD80), F(1,38)=8.57, 

p=.006, η
2
=.18, and Time 3(PD74 vs. PD87), F(1,38)=5.48, p=.03, η

2
=.13.  Conversely, adult 

female rats from the adolescent group weighed significantly more than adult female rats from the 
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    Males  Females  

Exposure 

Group 

Age at 

Testing  

 No-Stress 

Controls 

 Stress 

Exposed 

 No-Stress 

Controls 

Stress 

Exposed 

 

Childhood PD61 (EPM)  387.00(14.03)  381.80(14.03)  275.00(15.69) 262.33(14.79)  

 PD67 (SPBT)  431.00(15.14)  430.60(15.14)  291.75(16.93) 279.33(15.96)  

 PD74(FST)  466.60(16.60)  458.20(16.60)  308.00(18.55) 292.67(17.49)  

Adolescent PD73(EPM)  456.20(14.03)  458.50(14.03)  282.80(14.03) 294.89(14.79)  

 PD80(SPBT)  482.60(15.14)  485.30(15.14)  293.80(15.14) 269.22(15.96)  

 PD87(FST)  512.40(16.60)  506.60(16.60)  301.00(16.60) 314.56(17.49)  

childhood group at Time 1, F(1,34)=4.39, p=.04, η
2
=.11, but this difference was not maintained 

at Time 2 (p=.34) or Time 3 (p=.49).  Body weight data is summarized in Table 2. 

Table 2: Mean (±SEM) Body Weight (g.) Across Behavioural Testing for Male and Female Rats 

 

 

 

 

 

Analysis of Behavioural Data 

 Inter-rater Reliability. The data from each behavioural test was coded by two 

independent, trained individuals, blind to the rats‟ experimental categorization.  First, the 

videotapes were coded by one of the raters, and then a subset of these tapes was coded by the 

second rater.  This process was repeated for each behavioural test. Inter-rater reliability analysis 

was conducted by bivariate correlations (i.e., score from rater 1 compared to score from rater 2) 

for the main variables of interest. Inter-rater reliability was significant for each test (i.e., EPM; 

percentage of open arm time, r(1,6)=.87, p=.003; SPBT, duration of time spent burying, 

r(1,6)=.97, p<.001; and FST, duration of immobility, r(1,6)=.86, p=.004.  

Elevated Plus Maze. A full complement of data was obtained and analyzed for this test. 

The following is a list of the group n‟s: childhood control (n=18), childhood stress (n=19), 

adolescent control (n=20), adolescent stress (n=19).  
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As can be seen in Figure 2, the age at which rats experienced the stressor treatment 

influenced their open arm activity in adulthood. This pattern was confirmed significant by an 

Age at Treatment * Treatment interaction for the percentage of open arm entries, F(1,75)=8.56, 

p=.005, η
2
=.11 and percentage of open arm time, F(1,75)= 6.46, p=.01, η

2
=.08. Subsequent 

simple effects analysis revealed that adult rats previously exposed to stress in the childhood 

period displayed significant reductions in open arm entries, F(1,35)=4.57, p=.04, η
2
=.06, but not 

open arm time, F(1,35) = 2.32, p=.14, η
2
=.01.  In contrast, adult rats previously exposed to stress 

in the adolescent period displayed significant increases in open arm entries, F(1,35)= 4.57, 

p=.05, η
2
=.05 and open arm time F(1,35)=4.59, p=.04, η

2
=.08.  
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 Childhood Control  Childhood Stress  Adolescent Control  Adolescent Stress 

Figure 2:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Anxiety-like responses on the EPM. (A) Mean (±SEM) percentage of open arm entries made by rats in the 

childhood control (n=18), childhood stress (n=19), adolescent control (n=20), and adolescent stress (n=19) groups; 

(B) Mean (±SEM) percentage of time spent in the open arm by rats.         denotes significant differences relative to 

no-stress control rats (p<.05).   
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For the number of closed arm entries (see Table 3), there was a main effect of Age at 

Treatment F(1,75)=8.10, p=.006, η
2
=.08, (i.e., adult rats from the childhood groups made fewer 

closed arm entries than did adult rats from the adolescent groups)  and a main effect of 

Treatment F(1,75)=12.44, p=.001, η
2
=.17(i.e., stress rats made fewer closed arm entries than did 

no-stress controls).  Importantly, there was no Age at Treatment * Treatment interaction for this 

variable, F(1,75)=1.56, p=.22, η
2
=.14, suggesting that the observed age-dependent treatment 

effects on open arm activity cannot be explained by treatment effects on general locomotor 

activity.  

There were no other main effects of Age at Treatment, Treatment, or Age at Treatment* 

Treatment interactions with the variables measured in the EPM test.  In addition, there were no 

main effects of or interactions with Sex on any of the variables measured in the EPM. See Table 

3 for a summary of the EPM data analysis.    
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  Childhood  Adolescent  ANOVA 

  Controls 

(n=18) 

 Stress 

(n=19) 

 Controls 

(n=20) 

Stress 

(n=19) 

 A 

(1,75) 

B    

(1,75) 

C 

(1,75) 

A*B 

(1,75) 

A*C 

(1,75) 

B*C    

(1,75) 

A*B*C 

(1,75) 

% of open-

arm time 

 9.32      

(3.97) 

 4.35    

(3.85) 

 4.32       

(3.74) 

19.23   

(4.07) 

 F=1.59 

p=.21 

F=1.62  

p=.21 

F=0.65 

p=.42 

F=6.46  

p=.01 

F=0.08 

p=.78 

F=0.04 

p=.83 

F=0.18 

p=.68 

% of open-

arm entry 

 22.35       

(4.26) 

 9.75    

(4.13) 

 5.80      

(4.02) 

17.73    

(4.36) 

 F=1.04 

p=31 

F=0.01  

p=.94 

F=0.58 

p=.45 

F=8.56 

p=.005 

F=0.08 

p=.78 

F=0.01 

p=.93 

F=0.04 

p=.85 

No. of open-

arm entries 

 1.65     

(.36) 

 .81   

(.35) 

 .60      

(.34) 

1.25 

(.37) 

 F=0.73 

p=.40 

F=0.08  

p=.78 

F=2.13 

p=.15 

F=4.46  

p=.04 

F=0.17 

p=.68 

F=0.01 

p=.91 

F=0.00 

p=.99 

No. of 

closed-arm 

entries 

 5.63     

(.66) 

 4.14 

(.64) 

 8.30    

(.63) 

5.18 

(.68) 

 F=8.10 

p=.006 

F=12.44 

p=.001 

F=2.23 

p=.14 

F=1.56  

p=.22 

F=0.17 

p=.69 

F=0.31 

p=.58 

F=0.28 

p=.60 

Table 3: Mean duration and frequency (± SEM) of behaviours displayed in the EPM. Significant main effects and interactions are 

bolded. 

 

 

 

 

Note:  (A) Age at Treatment (B) Treatment (C) Sex
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Shock Probe Burying Test. Due to technical problems, the digital videotapes for 3 rats (1 

childhood control, 1 childhood stress, 1 adolescent stress) were not available for coding, yielding 

the following adjusted group n‟s: childhood control (n=17), childhood stress (n=18), adolescent 

control (n=20), adolescent stress (n=18). 

As depicted in Figure 3, exposure to stressors during development had a long lasting 

impact on duration of time spent burying. There was a significant main effect of Treatment on 

the duration of time rats spent burying the probe, ANCOVA, F(1,72)= 5.45, p=.02, η
2
=.08 . 

Irrespective of Age at Treatment, adult rats that were previously exposed to stress during 

development spent more time burying the electrified probe compared to no-stress control rats.   

For the duration of time spent immobile, there was a main effect of Age at Treatment 

F(1,72)=4.67, p=.04, η
2
=.07, with adult rats in the childhood groups spending more time 

immobile than rats in the adolescent groups. However, this main effect of Age at Treatment was 

not found for other variables of interest (i.e., burying, F(1,72)=1.26, p=.27, η
2
=.02; or general 

locomotion, F(1,72)2.40, p=.13, η
2
=.04).  Thus, it appears that the observed treatment effect on 

the duration of time rats spent burying was not secondary to treatment-induced changes in 

locomotor activity.   
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 Childhood Control  Childhood Stress  Adolescent Control  Adolescent Stress 

Figure 3:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. (A) Mean (±SEM) duration of time spent burying (in seconds) by rats in the childhood control (n=17), 

childhood stress (n=18), adolescent control (n=20), and adolescent stress (n=18) groups; main effect of treatment 

effect relative to no-stress control rats (p<.05). (B) Mean (±SEM) duration of time spent immobile (in seconds) 

depicts rats exposed to treatment in the childhood period (versus the adolescent period) spent more time immobile; 

main effect of age at treatment (p<.05).            
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There were no main effects of  Sex on duration of time spent burying.   Also, there were 

no Age at Treatment * Treatment, Age at Treatment * Sex, Treatment * Sex, or Age at 

Treatment * Treatment * Sex interactions for any of the variables measured in the SPBT.  See 

Table 4 for a summary. 
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  Childhood  Adolescent  ANCOVA 

  Controls 

(n=17) 

 Stress 

(n=18) 

 Controls 

(n=20) 

Stress 

(n=18) 

 A 

(1,72) 

B    

(1,72) 

C 

(1,72) 

A*B 

(1,72) 

A*C 

(1,72) 

B*C    

(1,72) 

A*B*C 

(1,72) 

Duration of 

burying 

 139.26 

(34.45) 

 225.57 

(33.52) 

 133.58 

(32.49) 

186.41 

(32.14) 

 F=1.26 

p=.27 

F=5.45 

p=.02 

F=0.21 

p=.65 

F=0.14  

p=.71 

F=1.08 

p=.30 

F=0.11 

p=.74 

F=0.64 

p=.43 

Duration of 

immobility 

 55.08 

(10.33) 

 29.16 

(10.06) 

 34.33 

(9.75) 

21.47 

(9.64) 

 F=4.67 

p=.04 

F=2.09 

p=.15 

F=1.60 

p=.21 

F=1.23  

p=.27 

F=2.80 

p=.10 

F=0.39 

p=.53 

F=0.01 

p=.91 

Duration of 

locomotion 

 356.37 

(28.62) 

 328.46 

(27.85) 

 392.46 

(28.62) 

357.93 

(26.70) 

 F=2.40 

p=.13 

F=1.24 

p=.27 

F=2.00 

p=.16 

F=0.12  

p=.73  

F=0.01 

p=.92 

F=1.04 

p=.31 

F=1.56 

p=.216 

Total number 

of shocks 

 2.65     

(.36) 

 3.22 

(.34) 

 2.79    

(.33) 

2.42 

(.33) 

 F=1.20 

p=.28 

F=0.02 

p=.89 

F=1.04 

p=.31 

F=1.60  

p=.21 

F=0.51 

p=.48 

F=1.28 

p=.26 

F=0.19 

p=.66 

         ANOVA 

Mean shock 

reactivity 

 2.07    

(.14) 

 1.96  

(.14) 

 2.30    

(.13) 

2.16 

(.13) 

 F=1.89 

p=.17 

F=1.05 

p=.31 

F=0.41 

p=.53 

F=0.02  

p=.90 

F=2.80 

p=.10 

F=0.35 

p=.56 

F=6.48 

p=.01 

Table 4: Mean duration and frequency of behaviours (±SEM) displayed in the SPBT. Significant main effects and interactions are 

bolded 

 

 

 

 

 

Note: (A) Age at Treatment (B) Treatment (C) Sex
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Forced Swim Test. Due to technical problems, the digital videotape for 1 rat (adolescent 

stress) was not available for coding, yielding the following group n‟s: childhood control (n=18), 

childhood stress (n=19), adolescent control (n=20), adolescent stress (n=18).  

The immobility data is depicted in Figure 4.  The data analysis revealed a significant Age 

at Treatment * Treatment * Sex interaction on the duration of time spent immobile during the 

force swim test, F(1,74)=5.09, p=.03, η
2
=.09.  Subsequent simple effects analysis, conducted for 

males, revealed a main effect of Treatment, F(1,39)=10.39, p=.003, η
2
=.22 such that male rats 

previously exposed to stress spent significantly more time immobile in the FST, compared to no-

stress male controls.  The simple main effects analysis, conducted for females, revealed an Age 

at Treatment * Treatment interaction F(1,35)=4.34, p=.05, η
2
=.12, such that female rats 

previously exposed to stressors during the childhood period displayed decreased immobility 

whereas females previously exposed to stressors during the adolescent period displayed 

increased immobility in the FST.  The follow up analysis for this interaction term, however, 

revealed that neither of the female stress groups differed significantly from their respective no-

stress control rats (childhood groups F(1, 15)=1.82, p=.19, η
2
=.06, adolescent F(1,16)=2.56, 

p=.12, η
2
=.08, respectively). 
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 Childhood Control  Childhood Stress  Adolescent Control  Adolescent Stress 

 
 Childhood Control  Childhood Stress  Adolescent Control  Adolescent Stress 

Figure 4:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. (A) Mean (±SEM) duration of time spent immobile (in seconds) in the FST by male rats in the childhood 

control (n=10), childhood stress (n=10), adolescent control (n=10), adolescent stress (n=10) groups; main effect of 

treatment (p<.005).  (B) Mean (SEM) duration of time spent immobile (in seconds) by female rats in the childhood 

control (n=8), childhood stress (n=9), adolescent control (n=10), adolescent stress (n=8) groups. Follow up analysis 

indicated no significant difference in female stress rats relative to the respective controls (p= n.s.).  
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ANOVA 

   A           

(1, 74)                 

 B      

(1,74)      

C    

(1,74) 

A*B 

(1,74) 

A*C 

(1,74) 

B*C 

(1,74) 

A*B*C      

(1,74) 

Duration of Immobility F=0.30 

p=.58 

F=4.14 

p=.05 

F=6.65 

p=.01 

F=1.44 

p=.23 

F=0.53 

p=.47 

F=3.17 

p=.08 

F=5.09  

p=.03 

There was no main effect of Age at Treatment or Age at Treatment * Treatment, Age at 

Treatment * Sex, Treatment * Sex interactions on duration of time spent immobile in the FST.  

Duration of swimming scores were also analyzed.   As expected, these results mirrored those 

observed for immobility scores.  See Table 5 for a summary.  

Table 5: A summary of ANOVA for the FST. Significant main effects and interactions are bolded 

 

 

 

 

Note: (A) Age at Treatment (B) Treatment (C) Sex 

 

Experiment 2 – Examining the effects of childhood or adolescent stress on corticosterone 

reaction to acute stress in adulthood. 

 A full complement of rats was used for the body weight and plasma CORT data analysis, 

yielding the following group n‟s: childhood control (n=16), childhood stress (n=16), adolescent 

control (n=16), adolescent stress (n=16). 

 Analysis of Body Weight. Body weight data is summarized in Table 6.  There was a 

significant main effect of Sex on body weight, F(1,63)=533.36, p<.001, η
2
=.91. Not surprisingly, 

adult male rats (M=524.13, ±SEM= 6.94) weighted significantly more than adult female rats 

(M=300.44, ±SEM=6.82) on the day of sampling.   There was a significant main effect of Age at 

Treatment on body weight, F(1,63)=11.50, p=.001, η
2
=.17.   As expected, adult rats (PD77) 

from the adolescent group (M=425.23, ±SEM=6.94) weighed significantly more than adult rats 

(PD66) from the childhood (M=396.25, ±SEM=6.82) group on the day of plasma sampling.  
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    Males  Females  

                                        

Age at Treatment  

  No-Stress 

Controls 

 Stress 

Exposed 

 No-Stress 

Controls 

Stress 

Exposed 

 

Childhood   507.75 (13.63)  496.25 (13.63)  287.75 (13.63) 293.25 (13.63)  

Adolescence   543.00 (13.63)  553.14 (14.57)  304.00 (13.63) 316.75 (13.63)  

There was no main effect of Treatment on body weight (p=.67) or any other interactions (i.e., 

Age at Treatment * Treatment (p=. 46); Sex * Treatment (p=.62); Age at Treatment * Sex 

(p=.18) and Age at Treatment * Sex * Treatment (p=.71).  

Table 6: Mean (SEM) Body Weight (g.) for Plasma Corticosterone Testing. 

 

 

 

Plasma Corticosterone. As can be seen in Figure 5, early life stress did not affect adult 

corticosterone (CORT) reactivity to and recovery from restraint stress.  There was, however, a 

main effect of Sex on CORT levels, F(2,112)=6.816, p=.002, η
2
=.11, with females having higher 

levels of CORT than males at all four time points (pre-stress CORT, F(1,56)=5.80, p=.02, 

η
2
=.09; post-stress 0min, F(1,56)=38.85, p=.001, η

2
=.42; post-stress 30min, F(1,56)=13.26, 

p=.001, η
2 

=.19; and post-stress 90min, F(1,56)=7.21, p=.01, η
2
=.11. 
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Figure 5:  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. (A) Mean (±SEM) plasma CORT concentrations in response to restraint stress for male rats in the 

childhood control (n=8), childhood stress (n=8), adolescent control (n=8), adolescent stress (n=8).  (B) Mean 

(±SEM) plasma CORT concentrations in response to restraint stress for female rats in the childhood control (n=8), 

childhood stress (n=8), adolescent control (n=8), adolescent stress (n=8). Main effect of sex (p<.005). 
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There was also a Age at Treatment * Sex interaction, F(2,112)=3.41, p=.04, η
2
=.06, on 

CORT concentrations across time.  To follow up this analysis, the four time points (i.e., pre-

stress, post-stress 0min, post-stress 30min, and post-stress 90min) were evaluated independently 

to see if the Age at Treatment * Sex interaction occurred consistently across time. This analysis 

indicated that the interaction was only evident at the first post-stress (i.e. post-stress 0min) 

measurement, F(1, 56)=3.97, p=.05, η
2
=.07.  As such, this interaction was followed by 

subsequent simple effects analysis to determine the role Sex and Age at Treatment had on CORT 

concentrations at this time point.  For males there was no significant difference in CORT 

concentration between the childhood and adolescent treatments, F(1,30)=0.06, p=.80, η
2
=.002.  

For females however, there was a significant difference in CORT concentration, F(1,30)=5.57, 

p=.03, η
2
=.16 , such that rats from the childhood groups (M=447.42, ±SEM=40.17) were less 

reactive to being restrained than rats from the adolescent groups (M=581.54, ±SEM=40.17), 

when tested as adults.  

There were no other main effects of Age at Treatment or Treatment on CORT reactivity 

or post-stress recovery.  Additionally, there were no significant Age at Treatment* Treatment, 

Treatment * Sex, or Age at Treatment * Treatment * Sex, interactions with the CORT reactivity 

and/or recovery. See Table 7 for a summary of the CORT reactivity and recovery data. 
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ANOVA 

    A B C A*B A*C B*C A*B*C 

Within Subjects Omnibus 

(2,112) 

F=1.34 

p=.26 

F=1.81 

p=.17 

F=6.82 

p=.002 

F=0.31 

p=.73 

F=3.41 

p=.04 

F=0.05 

p=.95 

F=0.18       

p=.83 

Between Subjects Pre-Stress 

(Basal) (1,63) 

F=2.68 

p=.11 

F=0.03 

p=.87 

F=5.80 

p=.02 

F=0.99 

p=32 

F=0.01 

p=.99 

F=0.01 

p=.93 

F=0.42     

p=.52 

 Post-Stress 1 

(0min) (1,63) 

F=4.85 

p=.03 

F=0.26 

p=.62 

F=38.85 

p<.001 

F=0.04 

p=.84 

F=3.97 

p=.05 

F=0.81 

p=.37 

F=0.25     

p=.62 

 Post-Stress 2  

(30min) (1,63) 

F=1.10 

p=.30 

F=0.54 

p=.47 

F=13.26 

p=.001 

F=0.003 

p=.95 

F=0.30 

p=.56 

F=0.45 

p=.51 

F=0.02     

p=.88 

 Post-Stress 3 

(90min) (1,63) 

F=0.14 

p=.71 

F=5.79 

p=.02 

F=7.03 

p=.01 

F=1.63 

p=.21 

F=1.31 

p=.26 

F=0.52 

p=.47 

F=0.02     

p=.89 

Table 7: A Summary of Omnibus and Follow up ANOVA for Corticosterone Reactivity and Recovery.  Significant main effects and 

interactions are bolded. 

 

 

 

 

 

 

 

 

 

 

Note: (A) Age at Treatment (B) Treatment (C) Sex
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Chapter 4 

 
Discussion 

 

The goal of the current project was to determine whether the long lasting impact of early 

life adversity depends on the developmental period in which the adversity occurs.  Intermittent 

physical stress during the childhood period decreased rats‟ open-arm activity in the EPM, and 

increased their burying behaviour in the SPBT when the rats were tested in adulthood.  In the 

FST, childhood stress increased immobility in males, but decreased immobility in females. When 

the same stressors were applied during adolescence, this led to increased open-arm activity, 

increased burying behaviour and increased immobility in the FST, in both male and female rats.  

Stress during either developmental period, failed to alter stress-induced CORT levels in 

adulthood.  Thus, it appears that the long lasting behavioural impact of early-life adversity can 

vary, according to the developmental period the stressors are experienced in, but this is further 

modified by sex and the type of test. 

Exposure to stress during different developmental epochs did not alter general physical 

development of rats in the current study because exposure to intermittent physical stress did not 

alter body weight.  Any observed weight differences were based on age and sex, as would be 

expected during normal physical development in rats.  In particular, older rats weighed more 

than younger rats and male rats, like many animal species (Blackenhorn, 2005; Hendrik & 

Temeles, 1989), were larger than female rats.  

The results obtained using the EPM support the possibility that the long term outcome of 

early life adversity depends on the developmental period in which the adversity occurred.  

Specifically, rats previously exposed to stressors during the childhood period made fewer entries 

into the open arms compared to age-matched no-stress control rats.  Conversely, rats previously 
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exposed to stressors during the adolescent period made more entries and spent more time in the 

open arms compared to age-matched no-stress controls. This finding suggests that while both 

childhood and adolescence represent periods of vulnerability to stress, they produce differential 

long term outcomes in response to that stress.  

The decreased open arm activity displayed by adult rats previously exposed to stress 

during childhood was associated with a decrease in the number of entries made into the closed 

arms of the maze.  This raises the possibility that the treatment-induced decreases in open-arm 

activity were secondary to treatment-induced changes in locomotor activity (e.g., hypoactivity).  

However, this seems unlikely because these same rats did not display hypoactive behaviour in 

the shock probe test.  Instead, these rats showed increases in shock probe burying and no changes 

in immobility.  Furthermore, rats in the adolescent stress group also displayed decreases in the 

number of closed arm entries but in this case, open arm activity was increased.  It is hard to 

imagine how decreases in closed arm entries can explain both increases (adolescent stress rats) 

and decreases (childhood stress rats) in open arm activity. Thus, although not conclusive, the 

childhood stress-induced decreases in open arm activity appear to be specific to increased 

anxiety.  This interpretation agrees with the finding that these same rats showed higher levels of 

burying behaviour.  It is also consistent with prior research showing that prepubescent stress 

increases anxiety related responding in adulthood (Tsoory & Richter-Levine, 2006).  

 For rats exposed to physical stressors during childhood, engaging in open arm avoidance 

could be due to a passive coping style (e.g., withdrawal-avoidance; for a review of active and 

passive coping styles see Koolhaas et al., 1999).  Rats previously exposed to stress during the 

adolescent period however, did not demonstrate this coping strategy. Instead, these animals 

showed increased exploration of the open arms of the maze.  It is not clear, how to interpret these 
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results.  One possibility is that exposure to stressors during the adolescent period increases 

resilience to acute stressors in adulthood.  This possibility seems unlikely because exposure to 

stress in the adolescent period increased anxiety-like behaviour in the SPBT and increased 

depression-like behaviour in the FST.  Another possibility is that exposure to stressors during the 

adolescent period leads to a more active coping style, whereby rats‟ open-arm exploration 

reflects escape-related behaviour (e.g., exploration-escape; see Koolhaas et al., 1999).  This 

interpretation was put forward by Pohl et al., (2007) to account for their finding that exposure to 

severe sporadic stress across the childhood/adolescent period increased open arm time.  However 

in that study, early life adversity also increased the number of animals that jumped off the maze. 

It is possible that the adolescent stress rats, in the current study, are exploring the open arms in 

an effort to find a way off the maze, but unlike Pohl et al., (2007), there was no evidence of overt 

escape behaviour (i.e., jumping).  This difference might reflect differences in the number of 

stress sessions and/or the developmental period in which the stressors were experienced (i.e., 6 

sessions during adolescence, current study vs. 8 sessions across the entire childhood-adolescent 

period, Pohl et al., 2007).   

It is also important to note that the current results are not consistent with other studies 

that examined adolescence as a period of heightened sensitivity to the lasting impact of stress 

(for a review of adolescent stress research in murine species see McCormick et al., 2010).   For 

example, Schmidt et al., (2007) and Sterlemann et al., (2008) found that exposing male mice to 

different same sex cage mates across the adolescent period (PD31- 80) decreased their open-arm 

activity (time and entries) when they were tested as adults in the EPM.  Amazingly, some 

anxiety-like behaviours were still evident even after a year of recovery (Sterlemann et al., 2008).  

In a rat model of social stress, McCormick et al., (2008) exposed male and female adolescent rats 
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(PD 30-45) to daily isolations followed by re-housing in a novel cage with a novel cage mate.  

When these social stressed animals were tested as adults (PD 70) they displayed decreased open-

arm time in the EPM.  Tsoory & Richter-Levine (2008) showed that exposing male rats to 

physical stressors (e.g., elevated platform, foot shock, forced swim) in adolescence (PD 33-35) 

decreased their open field exploration in adulthood (PD 65).  It is not clear why the current 

results differ from this body of research.  It could be due to a number of factors that differ 

between the current experiments and those cited above, including: 1) the age at time of stress; 2) 

the duration of stress; 3) the type of stressor; and finally 4) the duration of recovery.  

Although the plus maze results supported the hypothesis that the outcome of early life 

adversity would depend on when this adversity occurred, this possibility was not supported in the 

SPBT.  Specifically, while there was a main effect of stress Treatment on burying behaviour 

there was no Age at Treatment by Treatment interaction. Importantly, the observed treatment-

induced increases in burying behaviour were not due to group differences in pain sensitivity 

because there were no group differences in mean shock reactivity scores.  Similarly, the stress 

and no-stress control rats received a similar number of shocks, ruling this factor out as an 

explanation for the treatment effects on burying. Finally, the observed increases in burying were 

not the result of group differences in locomotor activity (e.g., hyperactivity) because the groups 

did not differ in the amount of time they spent immobile throughout the test.  The current results 

are consistent with Pohl et al., (2007), who found that exposure to severe sporadic stress across 

the entire childhood/adolescent period increased rats burying behaviour in adulthood.  Together, 

these results suggest that early life adversity, regardless of when it occurs, can increase anxiety-

related defensive responses to discrete threats in adulthood. 
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The results from the FST partially support the possibility that the outcome of early life 

adversity depends on the time period in which the adversity was experienced.  This pattern, 

however, depended on sex.  In males, early life adversity, irrespective of when it occurred, 

increased depression-like responding (i.e., immobility) in adulthood.   Males also displayed 

greater durations of immobility in the FST when compared to females.  More interestingly, in 

females, the age at which the stressors were experienced differentially impacted depression-like 

response in adulthood.   Adult females previously exposed to stress during the childhood period 

displayed decreased immobility in the FST. Conversely, adult females previously exposed to 

stress during the adolescent period displayed increased immobility.  Although the interaction 

term for these findings was significant, the childhood and adolescent stress groups did not 

significantly differ from their respective no-stress control groups.  The female groups in the 

current study had n‟s of less than 10/group, raising the possibility that the follow up analysis of 

the female data lacked power.  Nevertheless, because the pairwise comparisons did not reach 

significance the results need to be evaluated with caution.  With this in mind it appears possible 

that, at least in females, the adolescent period may be more sensitive than the childhood period to 

the effects of early life adversity on depression-like behaviour in adulthood.  

In Experiment 2, the focus shifted to whether exposure to intermittent physical stressors 

during either the childhood or adolescent period have long lasting outcomes on HPA-axis 

activity in adulthood.  Consistent with Pohl et al., (2007) no difference was noted in the current 

study between adult female rats previously exposed to stress during development and their age-

matched no-stress controls.  The current results extend these null findings to male rats (for which 

data was not available in Pohl et al., 2007). Previous findings on the effects of 

childhood/adolescent adversity on HPA-axis activity in adulthood are mixed.  Similar to the 
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current results, most studies find no effect (e.g. McCormick et al., 2004; Overmier & Murison, 

1991; Pohl et al., 2007; Toledo-Rodriguez & Sandi 2007; reviewed in McCormick, et al., 2010). 

Nevertheless, some research has demonstrated that exposure to adversity in childhood/ 

adolescence produces long lasting alterations to HPA-axis activity in adulthood.  These disparate 

findings might depend on 1) type of early life adversity (e.g., Pohl et al., 2007); 2) age at time of 

adversity (e.g., Uys et al., 2006); 3) type of acute stressor in adulthood (e.g., Schmidt et al., 

2007); and 4) type of measure evaluated (e.g., Sterlemann et al., 2008).  Regardless, it seems 

clear that adversity experienced in either childhood or adolescence does not mimic the robust 

effects that neonatal adversity has on HPA activity in adulthood (McCormick et al., 2010).   

Since prenatal and pre-weaning adversity paradigms consistently demonstrate long-term 

alterations in HPA function in adulthood (Francis & Meaney, 1999; Levine, 2005), but post-

weaning paradigms (including that of the current project; Pohl et al., 2007; McCormick et al., 

2005; Schmidt et al., 2007) fail to demonstrate this same outcome, it is possible that the 

neurobiological systems for HPA axis-regulation have neonatal periods of sensitivity, while the 

behavioural systems responsible for fear and anxiety-like response remain plastic (and 

vulnerable) well into post-weaning peri-pubertal periods. 

Limitations of the Current Findings  

To examine the long lasting impact early life adversity can have on adult behaviour the 

animals were exposed to a battery of tests.  It is worth noting then, that an order of testing effect 

may account for some of the findings discussed above.  The order of testing was determined 

based on previous research (e.g., Pohl et al., 2007) and unpublished pilot work.  In terms of the 

latter, exposing rats to the EPM does not appear to alter subsequent SPBT behaviour (personal 

communication, Menard, 2009).  Exposing rats to the SPBT however, increases open arm 
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avoidant behaviour in the EPM (personal communication; Menard, 2009), thus precluding the 

use of a counter-balanced design for behavioural testing.  Similar to Pohl et al., (2007), animals 

were first tested in the animal models of anxiety followed by the animal model of depression. 

Unlike Pohl et al., (2007) an additional group of animals was used to evaluate HPA response to 

restraint stress.   

Unexpectedly, the percentage of open arm entries (in the EPM) made by no-stress control 

rats in the adolescent group was significantly less than that of control rats in the childhood group.  

The reason for this difference is not clear.  One possibility is that age at testing (PD73 vs. PD61) 

is responsible for this finding.  In support, prior research found that the percentage of open arm 

entries made by male rats tested on PD90 was less than that of male rats tested on PD60 (Imhof, 

Coelho, Schmitt, Morato, Carobrez, 1993).  For females this age-related reduction in the 

percentage of open arm entries occurred at a later time frame (PD90 vs. PD120; Imhof et al., 

1993).  Another possibility is that childhood and adolescent rats were differentially sensitive to 

the effects of handling.  Although speculative, this possibility is consistent with prior literature 

showing that handling itself can have treatment effects in adolescence that are not evident at 

other time points in development (i.e., adulthood, Maldanado & Kirstein, 2005; Thompson & 

Lippman, 1972).  Ideally future studies should include additional groups that would resolve this 

conundrum. Regardless, it is clear that intermittent physical stress during adolescence had a long 

lasting impact on rats open arm activity and further this effect was in the opposite direction of 

that observed in rats exposed to intermittent physical stress in childhood. 

The current results indicate that childhood and early adolescence are periods of 

heightened vulnerability to stress.  It remains unclear whether the same stressors (i.e., 

intermittent physical stress) applied in late adolescence (PD46-59) or adulthood (PD60+) would 
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not have a lasting impact on emotive behaviours in the rat.  That being said, other research 

indicates that the effects of stress in adulthood are transient or even reversible.  For example, 

chronic exposure to restraint stress in adulthood (i.e., approximately PD65-PD90) altered 

performance in the radial arm maze immediately after the stress procedures ceased; but stress did 

not alter performance if rats were given a small, five day recovery period (Luine, Villegas, 

Martinez, & McEwen, 1994).  Findings such as these, although not definitive, suggest that 

adulthood might not be as sensitive to the long lasting effects of stress exposure. 

It is worth noting that animal models of early life adversity, like that applied in the 

current experiments, are not entirely analogous to human early life adversity.  While the physical 

stressors (i.e., water immersion, elevated platform, foot shock) applied during development were 

characterized by similar criteria used to characterize physical abuse in humans (e.g. immediate 

threat, temporally unpredictable, highly noxious) they do not represent human physical abuse in 

its entirety.   For example, childhood/adolescent physical abuse in humans typically involves a 

parent or guardian, underscoring the role of the strained relationship between the abusive 

individual and the child/adolescent being abused.  This feature of human early life adversity is 

not present in animal models of early life adversity.  Additionally, the animal models of anxiety 

and depression only assess particular aspects of human psychopathology (e.g. avoidant 

behaviour, reactive behaviour, aggression, etc.).  For example, the elevated plus maze is used to 

assess avoidant and active behaviours where there is no apparent threat present.  This avoidant 

behaviour without the presence of a threat stimulus is perhaps most analogous to generalized 

anxiety disorder in humans.  In animal models where there is a threat stimulus (i.e., shock probe 

burying test) present, it is perhaps most analogous with human phobic disorders and post-

traumatic stress disorder.  Therefore it is possible that the current project modelled a post-
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traumatic stress scenario rather than familial physical abuse, per se.   With these limitations of 

animal modelling in mind, notable difference were observed in rats exposed to physical stressors 

in early life, such that passive-avoidant behaviour increased if rats were exposed to stressors 

during the childhood period and decreased in rats were exposed to stressors during the adolescent 

period.  This suggests that exposure to physical stressors in early life can differentially alter the 

expression of anxiety-like behaviour later in life. 

Future Directions 

 Having a clear representation of clinical phenomena should be of the utmost priority in 

the development of animal models.  In the case of psychopathological/psychiatric models, this 

can be challenging due to the dynamic nature of human psychopathology itself, as well as the 

diagnostic criteria used to evaluate psychopathology.  For example, adult depression and anxiety 

show high co-morbidity.  This could be due in part to a number of factors including, but not 

limited to, exposure to various types of stress, ontogeny and aetiology of symptoms, and the 

various conceptualizations used to represent these two mood disorders.   Over time anxiety and 

depression have been viewed in various ways (e.g., categorically distinct phenomena, different 

outcomes along a similar continuum, outcomes that share a common underlying mechanism, etc., 

Clark & Watson, 1991).   It has been suggested that the relationship (and thereby certain 

distinctions) of anxiety and depression are better represented by a multi-factor mixed model.   

Clark &Watson (1991) proposed the Tripartite Model of Anxiety and Depression to represent the 

phenomena of anxiety and depression in a more comprehensive manner than some of the 

categorical classifications of the past.   The Tripartite Model suggests three sub-categorizations 

which include negative affect (i.e., general distress and a range of emotional states/traits which 

include fear, anxiety, hostility and disgust, Clark &Watson, 1991; Watson, Clark & Carey 1988), 
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positive affect (i.e., general well being and a range of emotional state/traits which include 

enthusiasm, mental alertness, pleasure, and joy, Clark &Watson, 1991; Watson, Clark & Carey, 

1988) and autonomic/anxious arousal (i.e., physiological hyper-arousal; anxious arousal, Clark & 

Watson, 1991).   

Clark & Watson (1991) state that negative affect represents a plethora of emotional states 

which could be used to describe and represent portions of both anxiety and depression, whereas 

low positive affect is distinctly representative of depression and anxious arousal is distinctly 

representative of anxiety.  It is possible that results from the current set of experiments are 

representative of alterations in negative arousal, as opposed to low positive affect.  Future studies 

should aim to include a broad spectrum of physiological measures (e.g., heart rate, blood 

pressure, stress hormones) to better characterise aspects of anxious arousal.  In addition, pre-

clinical research should aim to examine what aspects of early life adversity (e.g., types of 

stressors, severity of stressors, duration of stressors, etc.) map onto the distinct sub-

categorizations of clinical behaviour detailed in the Tripartite Model.  

General Conclusions 

In closing, the current findings add to an emerging body of research that demonstrate the 

profound impact early, post-weaning environments can have on behavioural response in later 

life.  There was no evidence in the current results that either developmental period could be 

conceptualized as a critical period for the long term effects of early life adversity.  That is, 

intermittent physical stress, regardless of when it was applied, had a lasting impact on at least 

some emotive behaviour in adulthood.  In some instances the outcome was similar.  Specifically, 

rats in the stress groups displayed higher levels of burying behaviour, regardless of when they 

had been exposed to stress in early life.   As well, both childhood stress and adolescent stress 

increased depression-like responding in adult male rats.  On the other hand, other results indicate 
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that the long lasting impact of early life adversity depended on time at which it occurred.  

Specifically, the percentage of open arm entries made by adult rats in the EPM was decreased by 

stress in childhood but increased by stress in adolescence.  A similar pattern was displayed by 

female, but not male, rats in the FST.  Here, stress during childhood decreased immobility in 

adulthood whereas stress during adolescence increased this behaviour.  Taken together these 

results indicate a number of important outcomes.   

First, the current results reiterate the profound, adverse effect early life adversity can 

have on adult behaviour.  This includes increased reaction to apparent and actual threat within 

the rat‟s environment.  Although speculative, this may loosely translate to increased reactivity in 

humans with anxiety-based disorders like generalized anxiety, phobic disorders and post-

traumatic stress.  Second, similar to what occurs following stress in the prenatal/peri-natal 

periods, the current results underscore the possibility that childhood and adolescence represent 

periods of vulnerability to stress.  This suggests that animals (including humans) may remain 

vulnerable to the lasting impact of stressors across a broader developmental range than 

previously understood.    Finally, the results highlight the importance of timing such that 

stressors experienced during different developmental epochs can differentially impact emotive 

behaviour in adulthood.  With these outcomes in mind, the field of early life adversity research 

gains a better understanding of how early life adversity, in general, and the role of developmental 

time, specifically, translates to psychopathology in later life.   
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