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ABSTRACT 

 

 

 

EVALUATION OF CELLULAR FUNCTION AND SELECT BIOMARKERS IN AN 

ADOLESCENT CHRONIC RESTRAINT STRESS ANIMAL MODEL OF 

DEPRESSION 

Under the direction of Renée Hayslett, Ph.D. 

 

 

 

 Depression is a highly prevalent mental illness, characterized by both psychological 

and physiological symptoms. It generates considerable personal and socioeconomic 

difficulties, and disproportionately affects women. This project’s aim was to utilize the 

adolescent chronic restraint (aCRS) animal model of depression to investigate the 

extracellular signal-regulated kinase (ERK) signaling pathway, and biomarkers of 

oxidative stress and inflammation, to elucidate potential pathophysiological mechanisms 

of depression. 

Reproductively intact female Sprauge-Dawley rats were divided into four groups – 

not-restrained:saline (NRSAL), not-restrained:desipramine (NRDES), restrained:saline 

(RSAL), and restrained:desipramine (RDES). All rats were postnatal day (PND) 26 upon 

arrival. Animals entered the restraint period at PND 34(±1) and began treatment with 

subcutaneous injections of 0.9% saline or desipramine (5 mg/kg) at PND 55(±1). 

Following the last day of treatment at PND 69(±1), animals were subjected to locomotor 

activity and the forced swim test (FST). Sacrificing was via decapitation. The hippocampus 

(HIP) and frontal cortex (FCX) regions of the brain were harvested for western blot
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analysis. Trunk blood was also collected for serum separation. Western blot analysis was 

conducted on HIP, FCX, and serum samples. HIP and FCX samples were probed with 

ERK, pERK, and superoxide dismutase (SOD) primary antibody. Serum samples were 

probed with C-reactive protein primary antibody. 

RSAL animals exhibited significantly more immobility behavior in the FST than 

the NRSAL group, and aCRS-induced immobility was attenuated by antidepressant 

treatment with desipramine. Significantly lower levels of ERK1/2 activation and SOD 

expression were observed in the FCX compared with the HIP, but none between groups. 

Correlation analyses revealed relationships between some of the western blot and 

behavioral testing data points (e.g., RDES serum CRP expression is positively correlated 

to FST swimming), as well as between various western blot analysis data points (e.g., HIP 

SOD expression is positively correlated to HIP ERK1 expression). 

The purpose of this study was to broadly investigate cellular dysfunction and 

potential biomarkers of depression using the aCRS model. The results from this research 

could serve as starting point for investigators to utilize the aCRS model for more in depth 

examination of the involvement of signal transduction, oxidative stress, and inflammation 

with the pathophysiology of depression. 
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CHAPTER 1 

INTRODUCTION TO THE STUDY 

 Major depressive disorder (MDD) is a psychiatric illness characterized by both 

psychological and physical symptoms including persistent sad feelings, disturbances in 

concentration and sexual desire, insomnia, anhedonia, fatigue, weight fluctuation, and 

suicidality (NIH 2011). These symptoms must persist for a minimum of two weeks for an 

individual to be diagnosed with MDD, and can considerably impede daily life activities 

such as work and relations with family and friends (Belmaker and Agam 2008). 

Approximately 17% of Americans are afflicted with MDD at some point during their lives, 

and it is twice as prevalent in women as it is in men with a lifetime incidence of more than 

12% in men and 20% in women (Bromet et. al. 2011, Kessler et. al. 2005, Kessler et al. 

2003). MDD is also known to be comorbid with anxiety disorders and illicit drug abuse 

(Vandeleur et. al 2017). Therefore, MDD has a considerable personal and socioeconomic 

impact upon affected individuals. 

There is no established pathophysiological mechanism of MDD. There have been 

some theories put forth, such as the monoamine-deficiency hypothesis, that suggests that 

the fundamental mechanism of depression is deficiency in levels of serotonin, 

norepinephrine, and dopamine in the central nervous system (CNS) (Belmaker and Agam 

2008); however, the underlying mechanisms of the disorder are still not well understood. 

There have also been some genetic implications in MDD, such as the linkage of specific 

chromosomal regions (e.g., 15q25-q26; location of various protein-coding genes, including
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neurotrophic tyrosine kinase receptor type 3) and a heritability rate of 31-42% in humans 

(Holmans et. al. 2007, Sullivan et. al. 2000). Moreover, several risk factors such as chronic 

stress and early life adversity have been recognized, but the distinct pathophysiological 

mechanisms that cause the disorder are yet to be discovered. 

The intricacy and disparateness of the symptomology and neurobiology of MDD 

have presented significant difficulties with its diagnosis and treatment. Current 

antidepressant treatments (e.g., selective serotonin reuptake inhibitors or SSRIs) are known 

to have considerable lag time in eliciting therapeutic effects, ranging from 4-12 weeks or 

longer (Rush et. al. 2006). Additionally, only about one third of depressed patients manage 

to achieve remission from standard antidepressant treatment (Stewart et. al 2014). These 

factors often contribute to patient compliance issues, with as many as 57% of patients 

reported as non-adherent to their treatment plans (Cantrell et. al. 2006). There are also no 

specific diagnostic tests currently available for depression, although the utility of an RNA 

marker blood panel has been recently investigated in humans (Redei et. al 2014). 

Understanding the biological mechanisms of depression could lead to the development of 

more effective treatments and the conceptualization of specific and reliable clinical 

diagnostic tests. Therefore, the characterization of the pathophysiology of depression is 

pivotal. Identification of both relevant cell signaling pathways and molecular biomarkers, 

or measurable characteristics of biological processes (e.g., disease states), may offer insight 

into the determination of these physiological mechanisms. 

Investigation of key cell signaling pathways, such as the extracellular signal-

regulated kinase (ERK) pathway, offers potential into elucidating the underlying 

mechanisms of depression. Disruptions in the ERK signaling pathway, such as protein 
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dysfunction or inadequate phosphorylation, have been implicated in the pathophysiology 

of depression (Feng et. al. 2003). The importance of this pathway to neurological function 

and its possible role in depression make ERK and its activated phosphorylated form, pERK, 

ideal candidates for examination of the potential mechanisms of the disorder. Additionally, 

there have been studies utilizing animal models of depression that have assessed signal 

transduction and biomarkers. For example, significantly increased expression of pERK and 

the inflammatory marker IL-6, in addition to decreased expression of the antioxidant 

enzyme glutathione reductase-1, were found in the hippocampus of rats employed in a 

social stress model of depression and anxiety (Patki et. al. 2013). These findings suggest 

that exposure to stress alters ERK expression and levels of inflammatory markers in the 

hippocampus, which may result in oxidative stress-induced anxiety and depressive-like 

behaviors in rats (Patki et. al. 2013). Additionally, the increase in pERK expression that 

was observed in this study may have been due to the co-morbid anxiety-like behaviors that 

were displayed. 

Furthermore, adequate replication of depression via animal models also presents 

challenges to scientific research of the disorder. As previously stated, there is a known 

gender disparity in the prevalence of MDD between women and men during the years of 

prepubescence through menopause (Kessler et. al. 2005). This difference is thought to be 

associated with reproductive hormones, such as estrogens, as the vacillation of these 

hormones has been suspected to provoke mood disturbances (Bloch et. al 2000, Frank et. 

al. 1987, Oinonen et. al. 2002, Payne 2003, Schmidt et. al. 1998). It is also important to 

incorporate known risk factors into an animal model of depression, such as the 

aforementioned chronic stress and early life adversity. Thus, utilizing an animal model that 
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addresses gender and risk factors, such as the adolescent chronic restraint stress (aCRS) 

animal model of depression, would be advantageous in uncovering the underlying 

biological mechanisms of the disorder. 

The specific aims of this project were to utilize the aCRS animal model of 

depression to 1) investigate potential cellular dysfunction via the ERK signaling pathway 

and 2) evaluate two categories of biomarkers – oxidative stress and inflammation – in order 

to elucidate the potential pathophysiological mechanisms of depression. 
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CHAPTER 2 

REVIEW OF RELATED LITERATURE 

The Monoamine-Deficiency Hypothesis 

 The monoamine-deficiency hypothesis of depression suggests that the fundamental 

mechanism of the disorder is deficiency in levels of serotonin, norepinephrine, and 

dopamine in the CNS (Belmaker and Agam 2008). This theory was first proposed after the 

discovery of the antidepressant effects of tricyclic antidepressants (TCAs) and monoamine 

oxidase inhibitors (MAOIs)s antidepressants more than 40 years ago. TCAs work by 

obstructing presynaptic reuptake of norepinephrine and serotonin, thus prolonging the 

availability of those neurotransmitters for eliciting antidepressant effects. MAOIs achieved 

antidepressant effects by inhibiting monoamine oxidase, the enzyme that catabolizes 

presynaptic norepinephrine and serotonin, thereby increasing the availability of these 

neurotransmitters. However, there is yet to be consistent and reliable data to definitively 

link monoaminergic transmitter deficiency to depression (Belmaker and Agam 2008). 

Additionally, the basis for the monoamine-deficiency hypothesis introduces considerable 

limitations, such as the known inconsistent efficacy of antidepressant treatments (Belmaker 

and Agam 2008, Stewart et. al 2014). Therefore, there is a critical need for reliable 

investigative methods (e.g., animal models) that can aid in determining a conclusive 

pathophysiological mechanism for depression.
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Animal Models of Depression 

 Chronic stress and exposure to stress during sensitive developmental periods are 

known risk factors for the development of depression (Kendler et. al 2004, Vythilingam et 

al., 2002, Grassi-Oliveira et. al. 2008). Many of the animal models of depression currently 

being utilized rely on surgical intervention such as olfactory bulbectomy (Song and 

Leonard 2005, Xu et. al. 2005), genetic modification such as serotonin receptor knockout 

in mice (Cryan and Mombereau 2004), or selective breeding such as Flinders-Sensitive 

Line (FSL) rats (Overstreet et. al. 2005), to induce depressive-like behaviors. These models 

do not directly address risk factors, but they have been useful in the research of depression 

and other mood-related disorders and can serve as a starting point for the development of 

new animal models. 

Olfactory bulbectomy involves the ablation of the olfactory lobes, causing anosmia, 

and resulting in behavioral changes (e.g., increased aggression and spatial memory 

impairments) that are reversed by various antidepressants (Song and Leonard 2005). 

Serotonin receptor knockout mice were developed with the monoamine-deficiency 

hypothesis in mind. These animals exhibit anxiety- and depressive-like behaviors in the 

forced swim test (FST) and tail-suspension test (TST), and treatment with SSRIs is 

ineffective (Cryan and Mombereau 2004). FSL rats were originally bred to be genetically 

resistant to the effects of diisopropyl fluorophosphate (an organophosphate 

anticholinesterase agent), but observed similarities to symptomology in depressed 

individuals (e.g., reduced appetite and psychomotor function) led to their eventual 

development into a selective-breeding animal model of depression (Overstreet et. al. 2005). 

These models have established both face (i.e., mimic observable behavior of the disorder) 
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and predictive (i.e., mimic response to treatment) validity, but have limited construct 

validity (i.e., mimic the pathophysiological mechanisms of the disorder) in that they do not 

comprehensively replicate the disorder as it is observed in humans. 

In addition to not sufficiently meeting all three validity criteria, many of the 

previously published animal models of depression have used predominantly or all male 

subjects. There have been studies that were conducted using female subjects, but some 

have employed ovariectomy (OVX). OVX was first developed as a rodent model of post-

partum depression (Galea et. al. 2001), but OVX animals have also been utilized as a 

preventative measure to avoid the potential confounding factor of naturally fluctuating 

estrogen during the estrous cycle (Kandi and Hayslett 2011). However, it is not the most 

accurate representation of the human female population, most of which have intact 

reproductive systems. Thus, an animal model using all female subjects that are 

reproductively intact is meaningful. 

Adolescent Chronic Restraint Stress Animal Model of Depression 

The aCRS animal model of depression developed by our laboratory addresses 

issues of risk factors and gender by using exclusively reproductively intact female subjects. 

The model employs chronic restraint stress during adolescence to induce depressive-like 

behaviors that are displayed in adulthood. Moreover, the depressive-like behaviors induced 

by aCRS are attenuated by antidepressant treatment with desipramine (DES), and the 

model does not require additional stressors in adulthood to for these behaviors to still be 

observed, a distinction from other models that use chronic restraint stress in adult animals. 

Thus, the aCRS model satisfies both face and predictive validity criteria. Furthermore, the 

aCRS model generates robust, reproducible depressive-like behaviors in conditions that 
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simulate the population segment most likely to be affected by depression. However, it is 

important to acknowledge the disadvantages of the aCRS model. Behavioral testing data 

has only been collected at one time point during the post-adolescent life span of female 

rats, so the full length of time into adulthood that depressive-like behaviors are still 

observable is not currently known. Additionally, while done purposefully to address gender 

during the development of the model, there is no data available for aCRS in male subjects. 

The construct validity of aCRS is also currently unknown, however, evaluating cellular 

function and potential biomarkers of depression within this model could provide a solution 

by offering valuable insight into the pathophysiology of depression. 

Cellular Function 

Cellular function is essentially the mechanisms and processes that are required for 

normal biological activity of the cell. Furthermore, cellular dysfunction, with respect to 

depression, can be defined as impairments in some brain regions that can be correlated to 

the disorder, such as deficiencies in monoaminergic neuronal transmission in the brain 

(Feng et. al. 2003). The limbic system (shown in Figure 1), a series of structures in the 

brain responsible for mood regulation and motivation, has been implicated in the 

pathogenesis of depression (Messing and Nestler 2014). Two of the structures located 

within this system, the hippocampus and frontal cortex, are believed to be associated with 

the neurobiology of depression (Nestler et. al. 2002). Specifically, abnormalities in the 

normal functioning of these regions are thought to mediate cognitive impairments observed 

in depression, such as feelings of worthlessness and guilt (Krishnan and Nestler 2008). 

Volumetric reductions in these regions have been reported in high-resolution magnetic 

resonance scans of the brains of depressed patients (Vythilingam et al. 2002, Colla et.at. 
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2007, Frodl et.al. 2010, Chen et. al. 2010, Malykhin et. al. 2010). Thus, examination of 

potential dysfunctions in the hippocampus and frontal cortex, such as disruptions in 

specific cell signaling pathways, is essential to elucidating the pathophysiology of 

depression. 

 

 

 

 

 

 

 

 

 

 

 

 

Extracellular Signal-Regulated Kinase 

ERK is a mitogen-activated protein kinase involved in neuronal survival, growth, 

and plasticity, and is dictatorial to cell proliferation and sustaining mammalian life (Busca 

et. al. 2016). Activation of the ERK pathway begins with the binding of an extracellular 

ligand (e.g., growth factor, cytokine, hormone) to a transmembrane receptor tyrosine 

kinase (RTK), which in turn initiates the recruitment of guanine-nucleotide exchange 

factors (GEFs) to the cell membrane (McCain 2013). GEFs activate the G protein RAS, 

Figure 1. The Limbic System. Simplified representation of a series of limbic circuits 

in brain that regulate mood and motivation.  

Source: Messing and Nestler 2014. 
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which phosphorylates the mitogen-activated protein kinase kinase kinase (MAPKKK) 

protein BRAF (McCain 2013). BRAF then phosphorylates mitogen-activated 

protein/extracellular signal-regulated kinase kinase (MEK), which phosphorylates ERK at 

the threonine and tyrosine residues of the sequence T185EY187 (McCain 2013, Busca et. al. 

2016). After phosphorylation by MEK, ERK translocates to the nucleus to phosphorylate 

various transcription factors (Busca et. al. 2016). Figure 2 provides a basic representation 

of the ERK signaling pathway (McCain 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. ERK Pathway. Simplified representation of the ERK cell signaling 

pathway’s basic components.  

Source: McCain 2013. 
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ERK has two known mammalian isoforms: ERK1 and ERK2. Both isoforms are 

encoded by their own specific genes, but are expressed ubiquitously in all tissues, share 

84% amino acid homology, and are typically referred to interchangeably as ERK1/2 

(Boulton et. al. 1991, Cargnello and Roux 2011, Yu 2012). There is also recent evidence 

that ERK1 and ERK2 are functionally redundant to one another (Busca et. al. 2016). ERK1 

and ERK2 have considerably long half-lives; 68 hours and 53 hours, respectively (Busca 

et. al. 2016). Conversely, pERK1/2 has a surprisingly short half-life of 88 seconds (Fujioka 

et. al. 2006). Additionally, the ratio of active ERK (pERK) is identical to that of ERK 

proteins expressed in the cell (Busca et. al. 2016). Furthermore, ERK1/2 has been shown 

to be degraded ubiquitinated by Mitogen-activated protein kinase kinase kinase 1(MEKK1) 

after downregulation in activity (Lu et. al. 2002). 

Monoamines (e.g., norepinephrine, serotonin, and dopamine) are thought to play a 

major role in the pathogenesis of depression, and the activation of ERK has been shown to 

be a cellular response to neuronal activity of these neurotransmitters (Vindis et. al. 2001, 

Feng et. al. 2003). Deficiencies and/or changes in ERK signaling have been implicated in 

depressed patients and in animal models of depression (Dwivedi et. al. 2001, Feng et. al. 

2003, Qi et. al. 2006, Yuan et. al. 2010, Dwivedi and Zhang 2016). Significant decreases 

in activated ERK (pERK) levels have been found in the hippocampi and frontal cortex 

brain regions of rats exposed to clomipramine (CLI), a TCA, neonatally (Feng et. al. 2003). 

CLI treatment resulted in diminished sexual function of male rats (Feng et. al. 2003). These 

findings suggest that deficiencies in ERK signal transduction may be involved in the 

pathophysiology of depression, as well as in the display of depressive-like behaviors (Feng 

et. al. 2003).  
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Significantly decreased pERK levels in the hippocampus have also been found in 

rats exposed to chronic mild stress (CMS), where male rats were exposed to a variety of 

unpredictable mild stressors (e.g., cage titling, water deprivation, wet cage, continuous 

light) over a four-week period (First et. al. 2013). CMS also induced significant decreases 

in sucrose intake (First et. al. 2013). Additionally, reduced levels of ERK expression have 

been observed in the postmortem frontal cortex of males and females (samples procured 

from the Stanley Foundation brain collection and Neuropathology Consortium) with MDD 

and other mood and psychiatric disorders (Yuan et. al. 2010). There has also been evidence 

to suggest that antidepressant treatment with fluoxetine, and SSRI, can reverse disruptions 

in ERK activation (Qi et. al. 2008, First et. al. 2011). Moreover, norepinephrine has been 

shown to induce ERK activity (Chen and Russo-Neustadt 2007). 

Biomarkers 

 Biomarkers are specific molecular components of an individual that can be used to 

detect the presence or absence of a disease state, as well as predict treatment response 

(Schmidt et. al. 2011). It is well known, that before any disorder can be diagnosed, treated, 

or prevented, there must be a thorough understanding of the deviations from normal 

physiology that are induced by the condition. In order to more readily detect and quantify 

these deviations, reliable detection markers must be identified and appropriately 

interpreted. For example, much better understanding of the level of carbohydrate 

metabolism can be obtained by looking at biomarkers such as Hemoglobin A1c. This 

particular diagnostic test provides insight into the magnitude and duration of carbohydrate 

imbalance and allows for the differential diagnosis of stress-induced hyperglycemia and 

diabetes mellitus. Similarly, identifying molecular biomarkers is significant to the study of 
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depression because of the insight they could offer into the underlying pathophysiological 

mechanisms of the disorder (which are mostly unknown) and their potential clinical 

benefits (e.g., diagnostic tests).  

Oxidative Stress 

 Reactive oxygen species (ROS) are chemically reactive oxygen free radicals (e.g., 

superoxide) that can cause injurious oxidative reactions (Yanik et. al. 2004, Ahsan et. al. 

2003). Oxidative stress is the result of the increased generation of ROS, decreased 

antioxidant defense against ROS, or failure to repair oxidative damage ROS cause. 

Oxidative damage can affect any part of the body, but the brain is especially susceptible 

because it accounts for 20% of total body oxygen metabolism and has minimal capacity 

for antioxidant defense (Lucca et. al. 2009). Neuronal cells also contain a collection of 

unsaturated lipids, which are vulnerable to lipid peroxidation, or degradation of lipids by 

free radicals (Uttara et. al. 2009). Altered oxidative stress mechanisms, such as decreased 

antioxidant activity, have been implicated in depressed patients and in animal models of 

depression (Stefanescu and Ciobica 2012, Patki et. al. 2013, Camkurt et. al 2016). 

Therefore, investigation of potential biomarkers of oxidative stress could help to explicate 

the pathophysiology of depression.  

There are several known indicators of increased and decreased levels of oxidative 

stress, such as lipid peroxidation and antioxidant defense. Assays that detect products of 

lipid peroxidation and the up- or down-regulation and/or activity of major antioxidant 

enzymes are well-established methods to measure these indicators. 
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Superoxide Dismutase 

Superoxide dismutase (SOD), an antioxidant enzyme that neutralizes superoxide 

anions (O2
-), is a well-known indicator of antioxidant defense against oxidative stress. 

There are three known isoforms of SOD in mammals – SOD1 (Cu/Zn; found in cytoplasm), 

SOD2 (Mn; found in mitochondrial matrix), and SOD3 (Cu/Zn; found in extracellular 

matrix) (Fukai and Ushio-Fukai 2011). All three isoforms are coded by distinct genes and 

located in different areas of the cell; however, they catalyze the same reaction (Fukai and 

Ushio-Fukai 2011). Additionally, SOD1 has a relatively short half-life 6-10 minutes, while 

SOD2 and SOD3 have significantly longer half-lives of 5-6 hours and ~20 hours, 

respectively (Gorecki et. al. 1991, Kim et. al. 2015). SOD becomes inactive in the presence 

of its product, hydrogen peroxide, and is degraded by the 20 S proteasome and 

macroautophagy (Kabuta et. al. 2006). 

SOD functions by catalyzing the disproportionation reaction that converts the 

superoxide (O2
-) radical into hydrogen peroxide (H2O2) which is further converted into 

water (H2O) and molecular oxygen (O2) by catalase and glutathione peroxidase, 

respectively (Perry et. al. 2010). Figure 3 shows a basic depiction of the SOD reaction. 

SOD has been investigated in recent human and animal studies of depression. 

Decreased SOD activity in the hippocampus and striatum have been found in the brain of 

male rats exposed to CMS (Lucca et. al. 2009). Decreased levels of SOD activity have also 

been observed in the serum of male and female human patients undergoing antidepressant 

treatment (mirtazapine, venlafaxine, tianeptine, and escitalopram) with recurrent 

depression and those that were experiencing the first episode of the disorder (Stefanescu 

and Ciobica 2012). Adult male and female drug-naïve depressed patients have also been 
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shown to have significantly down-regulated levels of SOD compared to healthy controls 

(Camkurt et. al 2016). Additionally, decreased levels of two major SOD isoforms (SOD1 

and SOD2) have been found in the hippocampi of rats in chronic stress animal models 

(Patki et. al. 2013).  

 

 

 

 

 

 

 

 

 

 

 

There are other antioxidant enzymes that have been assessed in depression (e.g., 

glutathione peroxidase and catalase). However, SOD is considered to be the first line of 

defense against oxidative stress (Stefanescu and Ciobica 2012). Thus, examining this 

particular oxidative stress biomarker in the aCRS animal model of depression could aid in 

shedding light onto the role of oxidative stress in the pathophysiology of depression. 

Inflammation 

 Inflammation is the complex localized response to foreign substances in the body 

(Barrett et. al. 2012). The inflammatory response (Figure 4) is characterized by increased 

Figure 3. SOD Reaction. Basic representation of the SOD reaction pathway. 

Source: http://www.freegrab.net/glisodin.htm 
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laminar and vascular permeability, followed by the migration of leukocytes to the site of 

the stimulus through margination, rolling, adhesion, and transmigration (Ley 1996). There 

has been increasing evidence to support the role of inflammation in the pathophysiology 

of depression (Miller et. al. 2009), including clinical studies that have shown patients with 

MDD to have elevated serum levels of inflammatory biomarkers such as IL-6 and TNF- 

(Schmidt et. al. 2011). There has been some evidence that suggests daily exposure to 

stressors, a known risk factor for depression, promotes elevations in IL-6 and C-reactive 

protein (CRP) in humans (Gouin et.al. 2012). There is also evidence that blockade of TNF-

 with etanercept, a human TNF- receptor p75-Fc fusion protein, induces antidepressant-

like effects in male rats exposed to chronic mild stress (Krugel et. al. 2013). Furthermore, 

antidepressant treatment with SSRIs has been shown to decrease levels of inflammatory 

markers such as IL-6 (Vogelzangs et. al. 2012). 

 

 

 

 

 

 

 

C-Reactive Protein 

CRP is an acute phase plasma protein, meaning that its plasma concentration 

increases in response to inflammatory stimuli, and is a part of the response to systemic 

inflammatory activity (Black et. al. 2004). CRP binds to specific molecular conformations 

Figure 4. The Inflammatory Process. Rudimentary representation of the 

inflammatory response. 

Source: https://www.studyblue.com/notes/note/n/inflammation/deck/5163660 



17 

 

 

 

that usually manifest on the surface of pathogens (e.g., phosphocholine in Streptococcus 

pneumoniae) or during cell death (Black et. al. 2004). CRP synthesis (Figure 5) is activated 

in the liver in response to cytokine IL‑6, and to a lesser extent, IL‑1β (Rhodes et. al. 2011). 

Circulating CRP then opsonizes bacteria and apoptotic cells, facilitating their clearance via 

the complement system and FcγR-mediated phagocytosis, and is subsequently broken 

down into monomeric structures that are phagocytized by macrophages (Rhodes et. al. 

2011). CRP is capable of activating the classical complement pathway, binding to Fc 

receptors (FcR), and stimulating phagocytosis (Black et. al. 2004). Taking the nature of 

CRP function into consideration, the potential role of inflammation in depression may be 

linked to increased binding of CRP to neuronal cells on the brink of apoptosis induced by 

oxidative stress or other degenerative stimuli that have been associated with the disorder. 

Furthermore, CRP has a substantially long half-life of 19 hours (Pepys and Hirschfield 

2003) that could prolong this effect. 

Results from a retrospective cohort study of 822 adult women, of which 644 had 

no prior history of depression, suggests that increased serum levels of CRP are a risk factor 

for MDD in women (Pasco et. al. 2010). The study revealed a 44% increase in risk for 

MDD for each standard deviation of increase in serum CRP among the participants that 

had not previously experienced a depressive episode (Pasco et. al. 2010). There have been 

other studies with similar findings, where elevated levels of CRP were shown to be a risk 

factor for depression (Ford et. al. 2004, Toker et. al. 2005, Wium-Andersen et. al. 2013). 

Conversely, decreased serum levels of CRP were found in male rats in response to early-

life stress (through maternal separation as pups) in a gene-environment model of 

depression (Carboni et. al. 2010). This difference could be due to gender (i.e., all male 
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subjects), the type of animal model that was used (e.g., maternal separation versus chronic 

restraint), or possibly physiological differences in CRP expression between humans and 

rats (e.g., basal levels of CRP). Evaluating CRP expression may provide some insight into 

the potential role of inflammation in the pathophysiology of depression in the aCRS animal 

model of the disorder, as well as resolve the differences that have been observed between 

data collected in human clinical studies and animal models. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Functional CRP Pathways. CRP synthesis, function, and degradation. 

Source: Rhodes et. al. 2011. 
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CHAPTER 3 

METHODOLOGY 

Adolescent Chronic Restraint Stress Animal Model of Depression 

Utilization of animal models are often useful in the replication of human diseases 

and offer valuable insight into the development of diagnostic tests, treatment plans, and the 

underlying mechanisms of these disease states. However, adequately meeting all three 

validity criteria is a common challenge and often reveals weaknesses within the animal 

model. Although construct validity is yet to be established, the aCRS animal model of 

depression sufficiently meets face validity criteria by employing chronic mild restraint 

stress during adolescence to elicit depressive-like behaviors in female rats, without 

requiring additional stressors post-restraint to induce these behaviors when the animals 

have matured to adulthood. The aCRS model also has established predictive validity, in 

that the depressive-like behaviors displayed are attenuated by treatment with a standard 

antidepressant. Therefore, this model is considered to be an ideal candidate to achieve the 

specific aims of this study. 

Animals 

 Twenty-five female Sprague-Dawley (SD) rats, aged post-natal day (PND) 26, 

were purchased from Charles River (Wilmington, MA) and were allowed to habituate to 

the vivarium facility for seven days prior to the restraint period. Animals were solo housed 

and maintained on a 12:12-h light/dark cycle (lights on at 6 am) with ad libitum access to 

water and standard rat chow. The animals were divided randomly into four groups – 
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not-restrained:saline (NRSAL, n=6), not-restrained:desipramine (NRDES, n=6), 

restrained:saline (RSAL, n=6), and restrained:desipramine (RDES, n=7). These groups 

were selected to ensure that any depressive-like behaviors exhibited by the animals were a 

result of a true response to the chronic restraint stress protocol, rather than a possible effect 

caused by treatment with DES. N values were selected to minimize animal usage without 

compromising statistical power. All experiments involving animals were approved by the 

Mercer University Institutional Animal Care and Use Committee (MU IACUC; protocol # 

A1403006_01 available in Appendix C) and were conducted in accordance with the 

National Institutes of Health Guide for the Care and Use of Laboratory Animals. 

Drugs 

 DES (Sigma-Aldrich catalog # D3900), a standard TCA, was purchased from 

Sigma-Aldrich (St. Louis, MO) and used as a positive control to assess the predictive 

validity of the aCRS animal model of depression. The volume of administration was 1 

mL/kg at a dose of 5 mg/kg in 0.9 % saline. The dosing regimen was formulated from the 

literature (Detke et. al. 1997) and has been shown to be effective in this model based on 

data collected from previous studies conducted in our laboratory.  

Procedure and Experimental Design 

 RSAL and RDES animals were subjected to 14 consecutive days of restraint for 

one hour per day beginning PND 34 (±1). Restraint sessions were performed at 

unpredictable times between 9 am and 4 pm. Animals were restrained in ventilated, 

conical-shaped, disposable plastic bags (Wilton Brands, Woodbridge, IL) and situated in 

individual holding cages within the colony room for the entirety of the restraint session. 

Holding cages were cleaned with 7% isopropyl alcohol (IPA) after each restraint session 
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to eliminate possible scent trails from the animals. NRSAL and NRDES animals were 

housed in a separate colony room and handled daily. 

The restraint period was followed by a seven-day maturation period to allow the 

animals to grow into adulthood. The maturation period was followed by 14 consecutive 

days of treatment beginning PND 55 (±1), with 0.9% saline or DES, both administered via 

subcutaneous injection. Locomotor activity (LCA) and forced swim test (FST) behavioral 

assays were conducted at PND 69 (±1), the day after the final injection. 

Behavioral Testing Paradigms 

Locomotor Activity 

LCA was assessed to control for any potential false-positive or negative behaviors 

observed in the forced swim test that could be attributed to any potential nonspecific 

stimulant or sedative actions of DES and aCRS, respectively. Each animal was placed in 

an open field arena chamber (MedAssociates product # MED-OFAS-RSU, St. Albans, VT) 

for five minutes. The chamber measured 43.2 cm x 43.2 cm x 30.5 cm and contained three 

16-beam infrared arrays placed at 2.54 cm (X and Y axis) and 12.7 cm (Z axis). Motor 

activity was measured with Activity Monitor software (MedAssociates, St. Albans, VT) 

and characterized by distance traveled, ambulatory counts, and stereotypic counts. Distance 

traveled was defined as the total distance in centimeters (cm) that animals moved around 

the chamber. Ambulatory counts were defined as active movements around the chamber. 

Stereotypic counts were defined as movements where the animals were moving in place, 

such as rearing or grooming behaviors. The chamber was cleaned with 7% IPA after each 

LCA session. 
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Forced Swim Test 

 The FST is a well-validated despair-based measure of depressive-like behaviors in 

animal models (Porsolt et. al. 1977, Pollak et. al. 2010). All testing took place between 

10:00 am and 3:00 pm, and all animals were pre-exposed to the FST 24 h prior to behavioral 

testing. The FST was conducted in a cylindrical Plexiglas® tank filled with 60 cm of 28-

30°C water. Scoring of recorded testing videos was carried out by trained observers blind 

to treatment group assignments and utilized the modified sampling technique, where the 

test subject’s predominant behavior was recorded in five second intervals for five minutes. 

FST behaviors included immobility, swimming, climbing, and diving. Immobility was 

described as despair-like behavior, where the animals floated and only made movements 

necessary to keep their heads above water. Swimming was described as active behavior 

with hind and fore limb movements directed outward towards the sides of the tank. 

Climbing was described as active behavior with fore limb movements directed upwards 

against the sides of the tank. Diving was described as active behavior where the animals 

submerged beneath the water towards the bottom of the tank. Significantly increased 

immobility in the FST implies a depressive-like effect. Conversely, significantly decreased 

immobility in the FST implies an antidepressant-like effect. A fresh tank of water was used 

for each animal. The FST was conducted immediately after the LCA. 

Sacrificing and Tissue Collection 

 Animals were sacrificed via decapitation following the FST with a rodent and small 

animal guillotine (Kent Scientific catalog # DCAP). Trunk blood was collected in serum 

separator tubes (Daigger catalog # EF2048F), where serum was collected via centrifugation 

and stored at -80°C for later use. The whole brain was removed from the cranium of each 
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animal and the hippocampus (HIP) and frontal cortex (FCX) regions were extracted. HIP 

and FCX tissue samples were processed the same day of sacrifice and dissection to prevent 

degradation of analytes by proteases. Protein was extracted using tissue buffer, a solution 

comprised of tissue extraction reagent I (Invitrogen catalog # FNN0071) and protease 

inhibitor cocktail (Sigma-Aldrich catalog # P2714). Tissue samples were weighed and then 

homogenized in 10 ml of tissue buffer for every 1 g of tissue. 

Western Blot Analysis 

Western blotting is a well-established method of protein analysis (Thermo Fisher 

Scientific 2016). Western blots can be analyzed semi-quantitatively, in that a statistically 

analyzable numerical value can be obtained by performing densitometry on the visualized 

bands on the blot (Thermo Fisher Scientific 2016). One disadvantage of this assay is that 

it is not fully-quantitative. There are other assays available that are completely quantitative 

such as ELISAs and RT-qPCR. However, these latter assays have their own respective 

hindrances. ELISAs, while reliable and reproducible, can be prohibitively expensive for 

laboratories with limited financial resources. RT-qPCR measures RNA rather than protein, 

and not all mRNA transcripts are translated into proteins. Therefore, RT-qPCR may not 

give the most accurate representation of protein expression/levels. Our laboratory took all 

of these factors into consideration when determining which experimental methods to 

employ to address the specific aims of this study. Western blot analysis was ultimately 

chosen because of its cost-effectiveness and well-documented utilization as a routine 

method of protein analysis. 
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Protein Extraction and Quantification 

Tissue homogenates were centrifuged at 10,000 rpm for five minutes and the 

supernatant was extracted and stored at -80°C for later use. Total protein concentration of 

the protein extracts was quantified with the Pierce™ BCA Protein Assay Kit (Pierce 

catalog # 23227). No additional processing of serum samples was required for protein 

quantification or western blot analysis; i.e., serum was assayed as-is post-collection. Total 

protein concentration of the serum samples was also quantified with the Pierce™ BCA 

Protein Assay Kit (Pierce catalog # 23227). 

SDS-PAGE and Protein Transfer 

Samples (30 µg total protein loading for HIP and FCX; ~38 µg total protein loading 

for serum) were prepared for SDS-PAGE using 2X Laemmli Sample Buffer (Sigma catalog 

# S3401). SDS-PAGE was conducted in 1X Tris-Glycine-SDS running buffer using the 

XCell SureLock® Mini-Cell system (Invitrogen catalog # EI0001) and Novex™ 

WedgeWell™ 4-12% Tris-Glycine mini gels (Invitrogen catalog # XP04120BOX). 

actin was used as a normalizing control (NC) and Odyssey® protein molecular weight 

marker (Li-Cor catalog # 928-40000) was used to verify band size. Denaturing 

electrophoresis was performed at 60 V for 15 minutes to settle samples into their respective 

wells, followed by 125 V for 90 minutes for protein separation. 

Gels were removed from cassettes and incubated in refrigerated transfer buffer 

(solution containing Tris, Glycine, Methanol, and SDS) for 15 minutes prior to protein 

transfer. Proteins were transferred to PVDF membranes (Millipore catalog # IPVH00010) 

which were activated with methanol (Fisher Scientific catalog # A413-4) prior to the 

transfer procedure. After activation, membranes were soaked in refrigerated transfer buffer 
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along with blotting papers (Thermo Scientific catalog # 88600) prior to protein transfer. 

Proteins were transferred via semi-dry blotting using an Owl™ HEP-1 Semidry 

Electroblotting System (Daigger catalog # EF7310), which occurred at 400 mA for one 

hour. Membranes were protected from light during all remaining western blotting steps by 

using western incubation boxes (Li-Cor catalog # 929-97205). 

Blocking, Antibody Incubation, and Blot Imaging 

Immediately following protein transfer, non-specific antibody binding sites were 

blocked by incubating membranes in Odyssey® Blocking Buffer (Li-Cor catalog # 927-

40000) overnight at 4°C on an orbital shaker. Membranes were washed with 1X phosphate-

buffered saline + 0.1% Tween® (PBS-T) four times for five minutes each after blocking.  

Primary antibody incubation (1:1000 concentration) was performed in Odyssey® 

Blocking Buffer (Li-Cor catalog # 927-40000) solution + 0.1% Tween® with either -actin 

(-actin Rabbit mAb; Cell Signaling catalog # 4970), pERK (Phospho-p44/42 MAPK 

Rabbit mAb; Cell Signaling catalog # 4370), ERK (p44/42 MAPK Rabbit mAb; Cell 

Signaling catalog # 4695), SOD (SOD-1 Antibody (FL-154); Santa Cruz Biotechnology 

catalog # sc-11407), or CRP (Rat C-Reactive Protein Antibody; AssayPro catalog # 11921-

05011) primary antibodies overnight at 4°C on an orbital shaker. Membranes were washed 

with 1X phosphate-buffered saline + 0.1% Tween® (PBS-T) four times for five minutes 

each after primary antibody incubation. 

Secondary antibody incubation (1:15000 concentration) was conducted in 

Odyssey® Blocking Buffer (Li-Cor catalog # 927-40000) solution + 0.1% Tween® and 

0.02% SDS with IRDye® 680RD Goat Anti-Rabbit IgG (H+L), 0.5 mg (Li-Cor catalog # 

926-68071) for one hour at room temperature on an orbital shaker. Membranes were 
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washed with 1X phosphate-buffered saline (PBS) four times for five minutes each after 

secondary antibody incubation to remove any residual Tween®. 

Membranes were scanned with an Odyssey® Infrared Imaging System (Li-Cor, 

Lincoln, NE) following secondary antibody incubation. Blot scans were obtained in the 

700 nm channel at 169 um resolution, intensity 3, medium quality, and focus offset at 0 

mm. 

Densitometry 

Densitometry analysis was performed on blot images with Image Studio™ Lite free 

western blot analysis software (Li-Cor, Lincoln, NE) to quantify the signal of the NC 

(actin) and each protein of interest (PI; ERK, pERK, SOD and CRP). The signal of each 

PI was normalized via a normalization factor (NF) to correct for any experimental 

variability (e.g., inconsistent sample preparation, uneven gel loading, uneven protein 

transfer) The NF was calculated as follows: 
NC Signal for each lane in gel

NC signal for lane with highest signal
=NF. The 

normalized signal (NS) for each PI was calculated using the equation: 

PI Signal

NF for respective lane
=NS. The relative densities of ERK, SOD, and CRP were calculated by 

dividing the NS of each PI by the NC signal. Since pERK is a phosphoprotein, a 

phosphorylation ratio was calculated by dividing the NS of pERK by the NS of ERK. 

Statistical Analysis 

All western blotting data were initially analyzed via one-way analysis of variance 

(ANOVA). Behavioral testing and CRP western blot data were analyzed by two-way 

ANOVA for two independent variables (restraint status and treatment) with SigmaStat 3.5 

Statistical Analysis Software (Systat Software, San Jose, CA). ERK, pERK, and SOD 

western blot data were analyzed by three-way ANOVA for three independent variables 
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(restraint status, treatment, and brain region), also with SigmaStat. Pearson correlation and 

linear regression analyses were also performed within each treatment group using both 

SigmaStat and Microsoft Excel (Microsoft, Redmond, VA). Tabular and graphical 

representations of the data were generated with Microsoft Word and Excel. All bar graph 

data are expressed as the mean ± standard error of the mean. Tabular and scatter plot data 

are expressed as the individual data points. Significance was set a priori at p<0.05, and the 

Holm-Sidak pairwise multiple comparison procedure was conducted on any significant 

differences observed via ANOVA. 
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CHAPTER 4 

RESULTS OF DATA ANALYSIS 

Behavioral Testing 

Locomotor Activity 

 Table 1 shows distance traveled (cm), ambulatory counts, and stereotypic counts 

for all groups. There were no differences observed in any measure of motor activity 

between any of the groups via two-way ANOVA. 

 

 

 

 

 

 

 

Forced Swim Test 

 Figure 6 shows that RSAL animals exhibited significantly more immobility 

behavior than the NRSAL group, and that aCRS-induced immobility was attenuated by 

antidepressant treatment with DES (analyzed via two-way AVNOVA).

Table 1: Locomotor Activity 

Treatment 

Group 

Distance 

Traveled (cm) 

Ambulatory 

Counts 

Stereotypic 

Counts 

NRSAL 1920.8(±161.7) 918.5(±94.1) 1441.8(±57.1) 

NRDES 1623.8(±75.9) 739(±30.2) 1289.3(±68.5) 

RSAL 1639.4(±157.1) 874.2(±118.3) 1371.3(±96.9) 

RDES 1726.5(±125.9) 821.1(±78.1) 1217.0(±84.6) 

Table 1. There were no observed differences in locomotor 

activity in female rats after aCRS. Data are expressed as the 

mean ± standard error of the mean. 
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Western Blotting 

 Extracellular Signal-Regulated Kinase 

 Figures 7-10 show blot images and relative densities for ERK in the HIP and FCX. 

No differences in ERK expression were observed between groups via two-way ANOVA. 

Figures 11-12 show a regional comparison of ERK1 and ERK2 expression between HIP 

and FCX for all treatment groups. One-way, two-way, and three-way ANOVAs did not 

reveal any significant differences in ERK expression between groups. 

HIP ERK Blots 

                                NRSAL               NRDES              RSAL                RDES 

-actin 
 

 

ERK1 
 

ERK2 
 

Figure 7. Blots of -actin and ERK in the HIP. 

Figure 6.: aCRS significantly increased immobility in the FST in RSAL vs all other 

groups (**p<0.01 RSAL vs NRSAL; ***p<0.001 RSAL vs RDES) due to 

significantly reduced swimming (**p<0.01 RSAL vs NRSAL; ***p<0.001 RSAL vs 

RDES), but not climbing. NRDES and RDES behaviors were not different from 

NRSAL. One RDES animal was excluded from FST analysis due to recording 

software failure, thus RDES n=6. Data are expressed as the mean ± standard error of 

the mean. 
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FCX ERK Blots 

                                 NRSAL              NRDES               RSAL               RDES 

-actin 

 
 

ERK1 
 

ERK2 
 

Figure 9. Blots of -actin and ERK in the FCX. 

Figure 10. Expression of ERK in the FCX. No significant differences were 

observed between groups. Data are expressed as the mean ± standard error of 

the mean. 

Figure 8. Expression of ERK in the HIP. No significant differences were 

observed between groups. Data are expressed as the mean ± standard error of 

the mean. 
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Figures 13-16 show blot images and phosphorylation ratios for pERK in the HIP 

and FCX. No differences in pERK levels were observed between groups via two-way 

ANOVA. Figures 17-18 show a regional comparison of pERK1 and pERK2 levels between 

HIP and FCX for all treatment groups. One-way and two-way ANOVAs did not show any 

Figure 12. Regional comparison of ERK2 expression between the HIP and 

FCX. No significant differences were observed between brain regions. Data 

are expressed as the mean ± standard error of the mean. 

Figure 11. Regional comparison of ERK1 expression between the HIP and 

FCX. No significant differences were observed between brain regions. Data 

are expressed as the mean ± standard error of the mean. 



32 

 

 

 

significant differences between groups. However, one-way ANOVAs did show a 

difference in RDES pERK1 levels in the HIP that is approaching statistical significance 

(p=0.053). Three-way ANOVAs revealed significantly lower levels of ERK1/2 activation 

in the FCX compared with the HIP (pERK1, p=0.002; pERK2, p=<0.001), but no 

significant differences were observed between groups. 

 

 

 

 

 

 

 

 

 

 

HIP pERK Blots 

                                 NRSAL              NRDES               RSAL                RDES 

-actin 

 
 

 

pERK1 
 

pERK2 
 

Figure 13. Blots of -actin and pERK in the HIP. 

Figure 14. pERK levels in the HIP. No significant differences were observed 

between groups. Data are expressed as the mean ± standard error of the mean. 
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FCX pERK Blots 
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pERK1 
 

pERK2 
 

Figure 15. Blots of -actin and pERK in the FCX. 

Figure 16. pERK levels in the FCX. No significant differences were observed 

between groups. Data are expressed as the mean ± standard error of the mean. 
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Figure 18. Regional comparison of pERK2 levels between the HIP and FCX. 

There was significantly lower ERK2 activation in the FCX compared with the 

HIP (*p=<0.001). Data are expressed as the mean ± standard error of the mean. 

Figure 17. Regional comparison of pERK1 levels between the HIP and FCX. 

There was significantly lower ERK1 activation in the FCX compared with the 

HIP (*p=0.002). Data are expressed as the mean ± standard error of the mean. 
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Superoxide Dismutase 

 Figures 19-22 show blot images and relative densities for SOD in the HIP and FCX. 

No differences in SOD expression were observed between groups via two-way ANOVA. 

Figures 23 shows a regional comparison of SOD expression between HIP and FCX for all 

treatment groups. One-way and two-way ANOVAs did not show any significant 

differences between groups. Three-way ANOVAs revealed significantly lower levels of 

SOD expression in the FCX compared with the HIP (p=0.001), but no significant 

differences were observed between groups. 

 

 

 

 

 

 

 

 

 

 

 HIP SOD Blots 
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-actin 
 

SOD 

 

Figure 19. Blots of -actin and SOD in the HIP. 

Figure 20. SOD expression in the HIP. No significant differences were 

observed between groups. Data are expressed as the mean ± standard error of 

the mean. 
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FCX SOD Blots 
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Figure 21. Blots of -actin and SOD in the FCX. 

 

FCX SOD Blots 

                                 NRSAL               NRDES               RSAL               RDES 

-actin  

SOD  

 Figure 21. Blots of -actin and SOD in FCX. 

Figure 22. SOD expression in the FCX. No significant differences were 

observed between groups. Data are expressed as the mean ± standard error of 

the mean. 
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C-Reactive Protein 

Figures 24-25 show blot images and relative densities for CRP in rat serum. No 

differences in CRP expression were observed between groups via one-way or two-way 

ANOVA. 

 

 

 

 

Serum CRP Blots 
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Figure 24. Blots of -actin and CRP in serum. 

 

Figure 24. Blots of -actin and CRP in serum. 

Figure 23. Regional comparison of SOD expression between the HIP and 

FCX. There was significantly lower SOD expression in the FCX compared 

with the HIP (*p=0.001). Data are expressed as the mean ± standard error of 

the mean. 
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Correlation Analyses 

 Pearson correlation analyses were performed to elucidate any potential 

relationships between data sets within each treatment group. There were 115 Pearson 

correlations conducted within each treatment group (460 total). Correlation coefficients (r) 

were interpreted as described in Table 2 (Mukaka 2012) and ranged from strong negative 

to strong positive. Linear regression analyses were performed on strong, moderate, and 

weak correlations to determine if there were any statistically significant relationships. 

There were 47 total statistically significant correlations – 14 within NRSAL, eight within 

NRDES, 10 within RSAL, and 15 within RDES (Tables 3, 4, 5, and 6). Linear regression 

plots were generated for all statistically significant correlations to provide a visual 

interpretation of each analysis. All correlation coefficients and linear regression plots are 

provided in Appendix A. 

 

 

Figure 25. CRP expression in serum. No significant differences were 

observed between groups. Data are expressed as the mean ± standard error of 

the mean. 
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Table 2. Correlation Coefficient Interpretation 

r value Interpretation 

0.70 – 1.00 Strong Positive 

0.50 – 0.69 Moderate Positive 

0.30 – 0.49 Weak Positive 

-0.29 – 0.29 Negligible 

-0.30 – -0.49 Weak Negative 

-0.50 – -0.69 Moderate Negative 

-0.70 – -1.00 Strong Negative 

 

 

 

 

 

 

Table 3. NRSAL Significant Correlations 

Data Points Compared r value Interpretation p value 

FST Immobility vs FCX ERK1 0.914 Strong Positive 0.019 

FST Swimming vs FCX ERK1 -0.849 Strong Negative 0.032 

HIP ERK1 vs FCX ERK1 0.940 Strong Positive 0.005 

HIP ERK2 vs FCX ERK2 0.996 Strong Positive <0.001 

LCA Distance Traveled vs HIP pERK1 0.846 Strong Positive 0.033 

LCA Ambulatory Counts vs HIP pERK1 0.819 Strong Positive 0.046 

HIP ERK2 vs HIP pERK2 -0.845 Strong Negative 0.034 

FST Immobility vs HIP SOD 0.827 Strong Positive 0.042 

HIP ERK1 vs HIP SOD 0.950 Strong Positive 0.003 

HIP ERK2 vs FCX pERK2 -0.812 Strong Negative 0.049 

FCX ERK1 vs HIP SOD 0.973 Strong Positive 0.001 

HIP pERK2 vs FCX pERK2 0.896 Strong Positive 0.015 

HIP pERK1 vs FCX SOD -0.824 Strong Negative 0.043 

Serum CRP vs FCX SOD -0.817 Strong Negative 0.047 

Table 4. NRDES Significant Correlations 

Data Points Compared r value Interpretation p value 

LCA Distance traveled vs. FCX ERK2 -0889 Strong Negative 0.017 

HIP ERK2 vs FCX ERK2 0.851 Strong Positive 0.031 

HIP ERK1 vs FCX ERK1 0.996 Strong Positive <0.001 

LCA Ambulatory Counts vs FCX SOD -0.882 Strong Negative 0.020 

LCA Stereotypic Counts vs FCX SOD -0.865 Strong Negative 0.026 

HIP ERK1 vs HIP SOD 0.975 Strong Positive <0.001 

FCX ERK1 vs HIP SOD 0.968 Strong Positive 0.001 

Serum CRP vs FCX SOD -0.841 Strong Negative 0.036 

Table 2. Interpretation of correlation coefficients (Mukaka 2012). 

 

Table 2. Interpretation of correlation coefficients (Mukaka 2012). 

Table 3. NRSAL statistically significant correlations 

 

Table 3. Statistically significant correlations 

Table 4. NRDES statistically significant correlations 

 

Table 3. Statistically significant correlations 
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Table 5. RSAL Significant Correlations 

Data Points Compared r value Interpretation p value 

LCA Stereotypic Counts vs HIP ERK2 0.835 Strong Positive 0.038 

LCA Stereotypic Counts vs FCX ERK1 0.880 Strong Positive 0.020 

HIP ERK1 vs FCX ERK1 0.978 Strong Positive <0.001 

HIP ERK2 vs FCX ERK2 0.954 Strong Positive 0.003 

LCA Stereotypic Counts vs FCX pERK1 -0.929 Strong Negative 0.007 

LCA Ambulatory Counts vs HIP SOD 0.833 Strong Positive 0.039 

LCA Stereotypic Counts vs HIP SOD 0.888 Strong Positive 0.018 

FCX pERK1 vs HIP SOD -0.822 Strong Negative 0.044 

FCX ERK2 vs FCX pERK2 -0.889 Strong Negative 0.017 

HIP ERK2 vs FCX pERK2 -0.894 Strong Negative 0.016 

 

 

Table 6. RDES Significant Correlations 

Data Points Compared r value Interpretation p value 

FCX ERK2 vs HIP pERK2 0.922 Strong Positive 0.008 

HIP pERK1 vs FCX pERK1 0.849 Strong Positive 0.032 

HIP pERK2 vs FCX pERK2 0.973 Strong Positive 0.001 

FCX ERK2 vs FCX pERK2 0.926 Strong Positive 0.008 

HIP ERK1 vs FCX ERK1 0.991 Strong Positive <0.001 

HIP ERK2 vs FCX ERK2 0.898 Strong Positive 0.015 

HIP ERK2 vs FCX pERK2 0.885 Strong Positive 0.018 

FCX ERK1 vs HIP SOD 0.909 Strong Positive 0.012 

HIP ERK1 vs HIP SOD 0.849 Strong Positive 0.032 

HIP ERK2 vs FCX SOD 0.825 Strong Positive 0.043 

FCX ERK2 vs FCX SOD 0.884 Strong Positive 0.019 

HIP pERK2 vs FCX SOD 0.911 Strong Positive 0.011 

FCX pERK2 vs FCX SOD 0.946 Strong Positive 0.004 

Serum CRP vs FST Immobility -0.868 Strong Negative 0.025 

Serum CRP vs FST Swimming 0.942 Strong Positive 0.004 

 

 

 

 

 

Table 5. RSAL statistically significant correlations 

 

Table 3. Statistically significant correlations 

Table 6. RDES statistically significant correlations 

 

Table 3. Statistically significant correlations 
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CHAPTER 5 

DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 

Discussion 

Behavioral Testing 

 The aCRS animal model of depression induced significantly increased immobility 

due to significantly decreased swimming in the FST. This depressive-like behavior was 

ameliorated by antidepressant treatment with DES, as was evidenced by the RDES group 

data. Additionally, there were no significant differences found between groups in distance 

traveled in the LCA. This data shows that the depressive-like behaviors observed in the 

FST were not a consequence of nonspecific stimulant actions of DES treatment or sedative 

actions caused by the aCRS model. These results are consistent with previous iterations of 

the aCRS model conducted by our laboratory. Thus, it has been established that aCRS is a 

robust model of depression in reproductively intact female rats with established face and 

predictive validity. 

Western Blotting 

Extracellular Signal-Regulated Kinase 

 ERK1/2 was evaluated in this study in order to examine potential disruptions in 

ERK expression and activation that may be a result of depressive-like behaviors induced 

by the aCRS animal model of depression. ERK1 is naturally expressed at lower levels than 

ERK2 in most mammalian tissues (Busca et. al. 2016); however, silencing of one isoform 

has been shown to cause overactivation of the remaining isoform (Lefloch et. al. 2008).
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Thus, examination of the expression of both isoforms and their respective activation, as 

well as their relationship to other proteins potentially involved with the underlying 

mechanisms of depression, was necessary. Furthermore, decreased levels of ERK 

expression have been observed in the postmortem FCX of individuals with MDD (Yuan 

et. al. 2010), in addition to significantly decreased HIP pERK levels found in rats (First et. 

al. 2013). 

 We hypothesized that, as a result of depressive-like behavior induced by aCRS, 

RSAL and RDES animals would exhibit both reduced expression of ERK1/2 and lower 

pERK1/2 levels in the FCX and HIP when compared to NRSAL and NRDES animals. No 

significant differences in ERK1/2 expression or activation were observed between groups, 

but significantly lower levels of ERK1/2 activation were found in the FCX compared with 

the HIP (pERK1, p=0.002; pERK2, p=<0.001). These differences may indicate a potential 

region-specific reduction in ERK1/2 activation in the FCX. 

We also expected that both NRDES and RDES animals would exhibit lower 

pERK1/2 levels in the FCX compared with the HIP (based on preliminary data not shown). 

This expected trend was observed, but not significant. Interestingly, the RDES group 

displayed higher levels of both pERK1 and pERK2 in both the HIP and FCX than all other 

groups. Additionally, there has been some evidence that DES treatment stimulates ERK1/2 

activation (Lin et. al. 2012, Cottingham et. al. 2012). While not significant; these 

differences do denote a noticeable trend that may suggest that DES treatment may have 

some minor involvement with increased ERK1/2 activation in the HIP and FCX post-

aCRS. Moreover, the extraordinarily short half-life of pERK1/2 (88 seconds) could have 

played a role in the lack of significant differences observed between groups. It is possible 
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that the amount of time that elapsed between the completion of the FST and brain dissection 

(~25-30 minutes) may have been too great to capture significant differences in pERK levels 

between groups in the HIP and FCX. 

 Correlation analyses also revealed strong significant relationships between FCX 

ERK2 expression and FCX pERK2 levels in the RSAL (r= -0.889; p = 0.017) and RDES 

(r= 0.926; p = 0.008) groups. The strong negative correlation shows that as FCX ERK2 

expression increases, FCX ERK2 activation tends to decrease in RSAL animals. The strong 

positive correlation shows the opposite of that relationship in RDES animals; as FCX 

ERK2 expression decreases, FCX ERK2 activation also tends to increase. This could 

indicate that any possible aCRS-induced disruptions in ERK2 activation in the FCX may 

have been reversed by treatment with DES. 

There was also an interesting negative relationship between HIP pERK1 levels and 

FST immobility behavior in the RSAL (r= -0.714) and RDES (r= -0.507) groups. While 

not statistically significant, this relationship indicates that increased immobility in the FST 

may be related to decreased ERK1 activation in the HIP in female rats. This is in alignment 

with our hypothesis, in that ERK1 activation in the HIP may be disrupted in the presence 

of aCRS. Significant differences between groups may have facilitated stronger and/or 

statistically significant correlations between pERK1 levels in the HIP and immobility in 

the FST. 

Superoxide Dismutase 

 SOD was chosen as an oxidative stress marker for examination in the aCRS animal 

model of depression because decreased SOD activity has been observed in the serum of 

depressed human patients, as well as in the brain of rats employed in depression models 



44 

 

 

 

(Stefanescu and Ciobica 2012, Lucca et. al. 2009). Additionally, increased levels of 

superoxide-induced oxidative stress have been associated with decreased SOD activity and 

expression (Wang and Walsh 2001). Thus, we hypothesized that RSAL animals would 

display decreased expression of SOD in both the FCX and HIP. No significant differences 

were observed between groups, but significantly lower levels of SOD expression were 

found in the FCX compared with the HIP (p=<0.001). This could suggest that the FCX 

may have an increased level of susceptibility to oxidative stress compared with the HIP. 

Additionally, RSAL animals did show noticeably lower levels of SOD expression in the 

FCX compared to the other treatment groups.  

There were also considerably higher levels of SOD expression observed in the FCX 

of RDES animals. Although not significant, these are noteworthy findings in that there may 

be region-specific effects of aCRS in the presence of DES. Namely, exposure to aCRS 

could possibly have disrupted SOD expression in the FCX, and antidepressant treatment 

with DES may have attenuated this effect to some degree. There is some data that suggests 

that oxidative stress may have a more deleterious effect in the FCX than in the HIP of 

depressed patients, as evidenced by significant increases in SOD concentrations in the 

postmortem FCX, but not the HIP, of individuals with recurrent depressive disorder 

(Michel et. al 2007). Nonetheless, this potential effect was not robust enough to achieve 

statistical significance in this study. The short half-life of SOD1 (~6-10 minutes) may have 

also been a factor in the lack of significant differences between groups. 

 There were, however, significant positive relationships observed between HIP SOD 

expression and both HIP and FCX ERK1 expression in NRSAL (HIP – r = 0.950; p = 

0.003; FCX – r = 0.973; p = 0.001), NRDES (HIP – r = 0.975; p = <0.001; FCX – r = 
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0.968; p = 0.001), and RDES (HIP – r = 0.849; p = 0.032; FCX – r = 0.909; p = 0.012). 

These strong positive correlations indicate that as SOD expression in the HIP increases, 

ERK1 expression in the HIP and FCX also tends to increase. The absence of significance 

in this correlation in the RSAL group could suggest that aCRS may have suppressed this 

relationship in RSAL animals, and that DES potentially reversed that effect in RDES 

animals. There has been some evidence indicating that ROS-induced SOD expression is 

ERK1/2 dependent (Juarez et. al. 2008, Wang et. al. 2011). Therefore, these relationships 

imply that increased SOD expression in the HIP may be related to in increased ERK1 

expression in both the HIP and FCX of female rats. 

 Correlation analyses also revealed several significant positive relationships 

between FCX SOD expression and ERK2 activation in the HIP (r = 0.911; p = 0.011) and 

FCX (r = 0.946; p = 0.004). These strong correlations indicate that as SOD expression in 

the FCX increases, ERK2 activation in the HIP also rends to increase. Additionally, the 

highest levels of ERK2 activation were in the RDES group. Moreover, norepinephrine, the 

neurotransmitter system target of DES, has been shown to induce ERK activity (Chen and 

Russo-Neustadt 2007). Thus, these relationships suggest that, in the presence of aCRS, 

DES treatment may be associated with stimulation of ERK2 activation in the HIP of female 

rats. 

C-Reactive Protein 

 CRP was selected as an inflammatory biomarker for evaluation in the aCRS animal 

model of depression because it is known to display increased serum levels in depressed 

human patients and is considered to be a risk factor for MDD in women (Pasco et. al. 2010). 

We hypothesized that RSAL animals would display increased expression of CRP in the 
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serum. The results from the western blot analysis of CRP were contrary to what we 

expected, as no significant differences in serum CRP expression were found between 

groups. This could be due to the possibility that systemic inflammation may not be a 

commonplace phenomenon in depression, but rather an event limited to specific subgroups 

of depressed patients (Vogelzangs et. l. 2012). 

While not significant, there were considerably higher levels of serum CRP 

expression observed in the RDES group. There has some been evidence to suggest that 

treatment with TCAs is linked to elevated CRP levels in depressed patients (Hamer et. al. 

2011). This could indicate that there may be some form of treatment-related inflammatory 

response to aCRS caused by DES. Additionally, there was not much variation in serum 

CRP expression between NRSAL, NRDES, and RSAL. This could infer that systemic 

inflammation, as measured by serum CRP expression, may not be a contributing factor to 

the depressive-like behaviors observed in the RSAL group. 

There were also some interesting significant correlations between serum CRP 

expression and FST immobility (r = -0.868; p = 0.025) and swimming (r = 0.942; p = 

0.004) behaviors in the RDES group. The strong negative correlation between CRP 

expression and FST immobility behavior indicates that as immobility in the FST decreases, 

serum CRP expression tends to increase. The strong positive correlation between serum 

CRP expression and FST swimming behavior indicates that as swimming in the FST 

increases, serum CRP expression also tends to increase. These relationships provide 

support to the previously mentioned potential link between TCA treatment and increased 

CRP levels. Serum CRP expression in female rats appears to be generally unaffected by 

aCRS, but is noticeably increased in the presence of DES, in that RDES animals showed 
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decreased immobility and increased swimming behaviors in the FST compared with RSAL 

animals. 

Conclusions 

 Ultimately, the goal of this project was to break the surface into generally exploring 

cellular dysfunction as an underlying mechanism in the pathophysiology of depression, 

and investigating potential biomarkers of the disorder within the aCRS animal model of 

depression. These are novel concepts; in that they have not been evaluated in an all-female 

animal model of depression like aCRS. Additionally, impairments in specific brain regions 

have been implicated in the pathogenesis of other CNS disorders (e.g., Alzheimer’s Disease 

and Parkinson’s Disease); therefore, the regional differences in ERK1/2 activation and 

SOD expression that were observed in the FCX compared with the HIP in this study could 

be meaningful in determining which specific areas of the brain are involved with the 

display of depressive-like behaviors that are induced by exposure to aCRS. Further 

investigation of these regional differences, and the relationship between the expression 

patterns and activation of the proteins that were analyzed in this study (i.e., ERK/pERK, 

SOD, CRP), could be a worthwhile approach to future studies. Moreover, as is indicated 

in the following section of this dissertation, the results of this study could be a possible 

starting point for investigators to utilize the aCRS animal model to examine more specific 

signal transduction pathways and biomarkers relevant to depression. 

Recommendations 

 Females have also been underutilized in depression research, which does not 

address the known gender disparity for the disorder. The aCRS model addresses this issue 

by using all female subjects; however, data will also need to be collected in males to 
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determine if the model can demonstrate comprehensive translational value, regarding 

gender, to human medicine. Future directions following this work could also include the 

investigation of additional biomarkers of oxidative stress and inflammation that have been 

previously associated with depression, such as other antioxidant enzymes (e.g., glutathione 

reductase) and inflammatory cytokines (e.g., IL-6, TNF-). Other key signaling pathways 

that have been linked to depression (e.g., glycogen synthase kinase 3) could also be 

examined to further assess the potential role of cellular function in the pathophysiology of 

the disorder. Should such inquiries yield conclusive and definitive findings, prospective 

subsequent work could include studies to investigate methods for the development of 

biomarker analysis into potential diagnostic assays. These diagnostic assays may include 

generating blood screening and serological tests to detect increased levels of oxidative 

stress and inflammation biomarkers in an effort to diagnose depression more efficiently 

and reliably. Compounds with various molecular targets that are emerging in depression 

research such as cytisine (an 4/2 nAChR partial agonist) and fisetin (an antioxidant 

compound) could also be evaluated with the aCRS animal model of depression to 

investigate the effectiveness of potential novel therapeutic agents for the disorder. 
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CHAPTER 6 

SUMMARY 

 Depression is a highly prevalent mental illness, characterized by both psychological 

and physiological symptoms. It generates considerable personal and socioeconomic 

difficulties, and disproportionately affects women. The complexity of depression 

symptoms compounded with its largely unknown neurobiology have presented significant 

challenges to efficient diagnosis and the development of efficacious treatments. The 

specific aims of this study were to utilize the aCRS animal model of depression to 1) 

investigate the potential role of cellular function via the ERK signaling pathway, and 2) 

evaluate possible oxidative stress and inflammation biomarkers in order to explicate the 

pathophysiology of depression. 

 The aCRS animal model was implemented for this study using all female SD rats 

that were also reproductively intact. Animals were PND 26 upon arrival, entered the 

restraint period at PND 34(±1), began treatment with subcutaneous injections of saline or 

DES at PND 55(±1), and were subjected to behavioral testing at PND 69(±1). Animals 

were sacrificed via decapitation and the HIP and FCX brain regions were harvested for 

western blot analysis. Trunk blood was also collected for serum separation. Western blot 

analysis was conducted with HIP, FCX, and serum samples. HIP and FCX samples were 

probed with ERK, pERK, and SOD primary antibody. Serum samples were probed with 

CRP primary antibody.
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The aCRS model protocol proved successful in eliciting robust depressive-like 

behaviors in female rats that were in turn attenuated by antidepressant treatment with DES. 

No significant differences were found between groups in any of the western blotting assays. 

However, significantly lower levels of ERK1/2 activation and SOD expression in the FCX 

compared with the HIP were observed. There were also noticeable trends in pERK1 and 

pERK2 levels observed in both the HIP and FCX in the RDES group, as well as SOD 

expression in the FCX in the RSAL group and serum CRP expression in RDES group. The 

lack of statistical significance and presence of noteworthy, but statistically insignificant, 

trends could be due to several factors (e.g., half-life of proteins being analyzed, potential 

inflammatory effects of DES), but the definitive cause is currently indeterminant. 

Additionally, this study revealed several significant correlations between expression levels 

of the proteins that were analyzed with western blotting. These findings may have laid the 

fundamental groundwork necessary for further investigation of these relationships, which 

could contribute to establishing construct validity of the aCRS model. 

 Overall, this study was an exploratory project that sought to take a broad approach 

into evaluating cellular function and biomarkers in the aCRS animal model of depression. 

This project served as a starting point for utilizing aCRS for more in depth investigations 

into the involvement of key cell signaling pathways and biomarkers of oxidative stress and 

inflammation with the pathophysiology of depression. Additionally, the results obtained 

from the brain region comparisons and correlation analyses have provided a preliminary 

glimpse into which specific regions of the brain may be associated with the display of 

depressive-like behaviors induced by aCRS, as well as potential relationships between the 

expression and activation of key proteins thought to be involved with the underlying 
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mechanisms of depression and the display of depressive-like behaviors. Furthermore, the 

significant relationships observed between the various proteins that were analyzed may 

provide insight into how these proteins affect each other’s respective levels of expression. 

In addition to further investigation of signal transduction, biomarkers, and protein 

expression relationships, prospective studies could also include evaluation of novel 

therapeutic agents for depression and development of specific diagnostic assays.
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APPENDIX A 

CORRELATION ANALYSES 

Pearson Correlation Coefficients 

All r values marked with an asterisk (*) are statistically significant. 

Not-Restrained:Saline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HIP ERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.021 Negligible 

LCA Ambulatory Counts 0.040 Negligible 

LCA Stereotypic Counts -0.444 Weak Negative 

FST Immobility 0.775 Strong Positive 

FST Swimming -0.809 Strong Negative 

FST Climbing -0.378 Weak Negative 

FCX ERK1 0.940 *(p = 0.005) Strong Positive 

HIP pERK1 -0.428 Weak Negative 

FCX pERK1 0.200 Negligible 

HIP SOD -0.110 Negligible 

FCX SOD 0.950 Strong Positive 

Serum CRP -0.330 Weak Negative 

HIP ERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.441 Weak Negative 

LCA Ambulatory Counts -0.392 Weak Negative 

LCA Stereotypic Counts -0.105 Negligible 

FST Immobility 0.453 Weak Positive 

FST Swimming -0.508 Moderate Negative 

FST Climbing -0.154 Negligible 

FCX ERK2 0.996 Strong Positive 

HIP pERK2 -0.845 Strong Negative 

FCX pERK2 -0.812 *(p = 0.034) Strong Negative 

HIP SOD 0.270 Negligible 

FCX SOD 0.642 Moderate Positive 

Serum CRP -0.518 Moderate Negative 
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FCX ERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.063 Negligible 

LCA Ambulatory Counts 0.109 Negligible 

LCA Stereotypic Counts -0.262 Negligible 

FST Immobility 0.914 *(p = 0.010) Strong Positive 

FST Swimming -0.849 Strong Negative 

FST Climbing -0.646 Moderate Negative 

HIP ERK1 0.940 *(p = 0.005) Strong Positive 

HIP pERK1 -0.419 Weak Negative 

FCX pERK1 0.055 Negligible 

HIP SOD 0.973 *(p = 0.001) Strong Positive 

FCX SOD -0.315 Weak Negative 

Serum CRP 0.056 Negligible 

FCX ERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.469 Weak Negative 

LCA Ambulatory Counts -0.423 Weak Negative 

LCA Stereotypic Counts -0.051 Negligible 

FST Immobility 0.439 Weak Positive 

FST Swimming -0.517 Moderate Negative 

FST Climbing -0.101 Negligible 

HIP ERK2 0.996 *(p = <0.001) Strong Positive 

HIP pERK2 -0.805 Strong Negative 

FCX pERK2 -0.798 Strong Negative 

HIP SOD 0.231 Negligible 

FCX SOD 0.689 Moderate Positive 

Serum CRP -0.587 Moderate Negative 

HIP pERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.846 *(p = 0.033) Strong Positive 

LCA Ambulatory Counts 0.819 *(p = 0.046) Strong Positive 

LCA Stereotypic Counts -0.054 Negligible 

FST Immobility -0.559 Moderate Negative 

FST Swimming 0.727 Strong Positive 

FST Climbing -0.003 Negligible 

HIP ERK1 -0.428 Weak Negative 

FCX ERK1 -0.419 Weak Negative 

FCX pERK1 0.653 Moderate Positive 

HIP SOD -0.261 Negligible 

FCX SOD -0.447 Weak Negative 

Serum CRP 0.619 Moderate Positive 
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FCX pERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.610 Moderate Positive 

LCA Ambulatory Counts 0.568 Moderate Positive 

LCA Stereotypic Counts -0.628 Moderate Negative 

FST Immobility -0.237 Negligible 

FST Swimming 0.327 Weak Positive 

FST Climbing -0.038 Negligible 

HIP ERK1 0.200 Negligible 

FCX ERK1 0.055 Negligible 

HIP pERK1 0.653 Moderate Positive 

HIP SOD 0.283 Negligible 

FCX SOD -0.824 *(p = 0.0438) Strong Negative 

Serum CRP 0.765 Strong Positive 

HIP pERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.191 Negligible 

LCA Ambulatory Counts 0.117 Negligible 

LCA Stereotypic Counts 0.146 Negligible 

FST Immobility -0.604 Moderate Negative 

FST Swimming 0.458 Weak Positive 

FST Climbing 0.625 Moderate Positive 

HIP ERK2 -0.845 *(p = 0.034) Strong Negative 

FCX ERK2 -0.805 Strong Negative 

FCX pERK2 0.896 *(p = 0.015) Strong Positive 

HIP SOD -0.465 Weak Negative 

FCX SOD -0.261 Negligible 

Serum CRP 0.041 Negligible 

FCX pERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.136 Negligible 

LCA Ambulatory Counts 0.058 Negligible 

LCA Stereotypic Counts -0.234 Negligible 

FST Immobility -0.475 Weak Negative 

FST Swimming 0.346 Weak Positive 

FST Climbing 0.518 Moderate Positive 

HIP ERK2 -0.812 *(p = 0.049) Strong Negative 

FCX ERK2 -0.798 Strong Negative 

HIP pERK2 0.896 *(p = 0.015) Strong Positive 

HIP SOD -0.180 Negligible 

FCX SOD -0.517 Moderate Negative 

Serum CRP 0.267 Negligible 
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HIP SOD 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.187 Negligible 

LCA Ambulatory Counts 0.221 Negligible 

LCA Stereotypic Counts -0.395 Weak Negative 

FST Immobility 0.827 *(p = 0.042) Strong Positive 

FST Swimming -0.745 Strong Negative 

FST Climbing -0.628 Moderate Negative 

HIP ERK1 0.950 *(p = 0.003) Strong Positive 

HIP ERK2  0.270 Negligible 

FCX ERK1 0.973 *(p = 0.001) Strong Positive 

FCX ERK2 0.231 Negligible 

HIP pERK1 -0.261 Negligible 

HIP pERK2 -0.465 Weak Negative 

FCX pERK1 0.283 Negligible 

FCX pERK2 -0.180 Negligible 

FCX SOD -0.499 Weak Negative 

Serum CRP 0.231 Negligible 

FCX SOD 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.452 Weak Negative 

LCA Ambulatory Counts -0.444 Weak Negative 

LCA Stereotypic Counts 0.323 Weak Positive 

FST Immobility -0.196 Negligible 

FST Swimming 0.019 Negligible 

FST Climbing 0.452 Weak Positive 

HIP ERK1 -0.330 Weak Negative 

HIP ERK2  0.642 Moderate Positive 

FCX ERK1 -0.315 Weak Negative 

FCX ERK2 0.689 Moderate Positive 

HIP pERK1 -0.447 Weak Negative 

HIP pERK2 -0.261 Negligible 

FCX pERK1 -0.824 *(p = 0.043) Strong Negative 

FCX pERK2 -0.517 Moderate Negative 

HIP SOD -0.499 Weak Negative 

Serum CRP -0.817 *(p = 0.047) Strong Negative 
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Not-Restrained:Desipramine 

 

 

 

 

 

 

 

 

 

 

 

Serum CRP 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.518 Moderate Positive 

LCA Ambulatory Counts 0.523 Moderate Positive 

LCA Stereotypic Counts -0.429 Weak Negative 

FST Immobility -0.091 Negligible 

FST Swimming 0.379 Weak Positive 

FST Climbing -0.500 Moderate Negative 

HIP ERK1 -0.006 Negligible 

HIP ERK2  -0.518 Moderate Negative 

FCX ERK1 0.056 Negligible 

FCX ERK2 -0.587 Moderate Negative 

HIP pERK1 0.619 Moderate Positive 

HIP pERK2 0.041 Negligible 

FCX pERK1 0.765 Strong Positive 

FCX pERK2 0.267 Negligible 

HIP SOD 0.231 Negligible 

FCX SOD -0.817 *(p = 0.047) Strong Negative 

HIP ERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.226 Negligible 

LCA Ambulatory Counts 0.162 Negligible 

LCA Stereotypic Counts 0.517 Moderate Positive 

FST Immobility 0.067 Negligible 

FST Swimming -0.099 Negligible 

FST Climbing 0.074 Negligible 

FCX ERK1 0.996 *(p = <0.001) Strong Positive 

HIP pERK1 0.107 Negligible 

FCX pERK1 -0.283 Negligible 

HIP SOD 0.975 *(p = <0.001) Strong Positive 

FCX SOD -0.605 Strong Positive 

Serum CRP 0.625 Moderate Positive 
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HIP ERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.765 Strong Negative 

LCA Ambulatory Counts -0.635 Moderate Negative 

LCA Stereotypic Counts -0.370 Weak Negative 

FST Immobility 0.521 Moderate Positive 

FST Swimming -0.620 Moderate Negative 

FST Climbing 0.139 Negligible 

FCX ERK2 0.851 *(p = 0.031) Strong Positive 

HIP pERK2 0.521 Moderate Positive 

FCX pERK2 0.472 Weak Positive 

HIP SOD 0.271 Negligible 

FCX SOD 0.353 Weak Positive 

Serum CRP -0.381 Weak Negative 

FCX ERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.174 Negligible 

LCA Ambulatory Counts 0.117 Negligible 

LCA Stereotypic Counts 0.448 Weak Positive 

FST Immobility 0.108 Negligible 

FST Swimming -0.137 Negligible 

FST Climbing 0.055 Negligible 

HIP ERK1 0.996 *(p = <0.001) Strong Positive 

HIP pERK1 0.119 Negligible 

FCX pERK1 -0.300 Weak Negative 

HIP SOD 0.968 *(p = 0.001) Strong Positive 

FCX SOD -0.562 Moderate Negative 

Serum CRP 0.632 Moderate Positive 

FCX ERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.889 *(p = 0.017) Strong Negative 

LCA Ambulatory Counts -0.611 Moderate Negative 

LCA Stereotypic Counts -0.691 Moderate Negative 

FST Immobility 0.513 Moderate Positive 

FST Swimming -0.668 Moderate Negative 

FST Climbing 0.304 Weak Positive 

HIP ERK2 0.851 *(p = 0.031) Strong Positive 

HIP pERK2 0.423 Weak Positive 

FCX pERK2 0.189 Negligible 

HIP SOD 0.096 Negligible 

FCX SOD 0.460 Weak Positive 

Serum CRP -0.295 Negligible 
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HIP pERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.287 Negligible 

LCA Ambulatory Counts 0.324 Weak Positive 

LCA Stereotypic Counts 0.170 Negligible 

FST Immobility 0.511 Moderate Positive 

FST Swimming -0.448 Weak Negative 

FST Climbing -0.328 Weak Negative 

HIP ERK1 0.107 Negligible 

FCX ERK1 0.119 Negligible 

FCX pERK1 0.715 Strong Positive 

HIP SOD 0.171 Negligible 

FCX SOD -0.296 Negligible 

Serum CRP 0.568 Moderate Positive 

FCX pERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.129 Negligible 

LCA Ambulatory Counts 0.416 Weak Positive 

LCA Stereotypic Counts 0.057 Negligible 

FST Immobility 0.364 Weak Positive 

FST Swimming -0.460 Weak Negative 

FST Climbing 0.175 Negligible 

HIP ERK1 -0.283 Negligible 

FCX ERK1 -0.300 Weak Negative 

HIP pERK1 0.715 Strong Positive 

HIP SOD -0.117 Negligible 

FCX SOD -0.209 Negligible 

Serum CRP 0.245 Negligible 

HIP pERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.207 Negligible 

LCA Ambulatory Counts 0.005 Negligible 

LCA Stereotypic Counts 0.073 Negligible 

FST Immobility 0.703 Strong Positive 

FST Swimming -0.808 Strong Negative 

FST Climbing 0.104 Negligible 

HIP ERK2 0.521 Moderate Positive 

FCX ERK2 0.423 Weak Positive 

FCX pERK2 0.591 Moderate Positive 

HIP SOD 0.648 Moderate Positive 

FCX SOD -0.279 Negligible 

Serum CRP 0.425 Weak Positive 
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FCX pERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.347 Weak Negative 

LCA Ambulatory Counts -0.375 Weak Negative 

LCA Stereotypic Counts -0.095 Negligible 

FST Immobility 0.779 Strong Positive 

FST Swimming -0.706 Strong Negative 

FST Climbing -0.434 Weak Negative 

HIP ERK2 0.472 Weak Positive 

FCX ERK2 0.189 Negligible 

HIP pERK2 0.591 Moderate Positive 

HIP SOD -0.022 Negligible 

FCX SOD 0.282 Negligible 

Serum CRP -0.296 Negligible 

HIP SOD 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.253 Negligible 

LCA Ambulatory Counts 0.292 Negligible 

LCA Stereotypic Counts 0.535 Moderate Positive 

FST Immobility 0.062 Negligible 

FST Swimming -0.152 Negligible 

FST Climbing 0.245 Negligible 

HIP ERK1 0.975 *(p = <0.001) Strong Positive 

HIP ERK2  0.271 Negligible 

FCX ERK1 0.968 *(p = 0.001) Strong Positive 

FCX ERK2 0.096 Negligible 

HIP pERK1 0.171 Negligible 

HIP pERK2 0.648 Moderate Positive 

FCX pERK1 -0.117 Negligible 

FCX pERK2 -0.022 Negligible 

FCX SOD -0.700 Strong Negative 

Serum CRP 0.712 Strong Positive 



72 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FCX SOD 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.805 Strong Negative 

LCA Ambulatory Counts -0.882 *(p = 0.020) Strong Negative 

LCA Stereotypic Counts -0.865 *(p = 0.026) Strong Negative 

FST Immobility 0.424 Weak Positive 

FST Swimming -0.313 Weak Negative 

FST Climbing -0.442 Weak Negative 

HIP ERK1 -0.605 Moderate Negative 

HIP ERK2  0.353 Weak Positive 

FCX ERK1 -0.562 Moderate Negative 

FCX ERK2 0.460 Weak Positive 

HIP pERK1 -0.296 Negligible 

HIP pERK2 -0.279 Negligible 

FCX pERK1 -0.209 Negligible 

FCX pERK2 0.282 Negligible 

HIP SOD -0.700 Strong Negative 

Serum CRP -0.841 *(p = 0.036) Strong Negative 

Serum CRP 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.601 Moderate Positive 

LCA Ambulatory Counts 0.701 Strong Positive 

LCA Stereotypic Counts 0.543 Moderate Positive 

FST Immobility -0.101 Negligible 

FST Swimming 0.025 Negligible 

FST Climbing 0.248 Negligible 

HIP ERK1 0.625 Moderate Positive 

HIP ERK2  -0.381 Weak Negative 

FCX ERK1 0.632 Moderate Positive 

FCX ERK2 -0.295 Negligible 

HIP pERK1 0.568 Moderate Positive 

HIP pERK2 0.425 Weak Positive 

FCX pERK1 0.245 Negligible 

FCX pERK2 -0.296 Negligible 

HIP SOD 0.712 Strong Positive 

FCX SOD -0.841 *(p = 0.036) Strong Negative 
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Restrained:Saline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HIP ERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.293 Negligible 

LCA Ambulatory Counts 0.544 Moderate Positive 

LCA Stereotypic Counts 0.768 Strong Positive 

FST Immobility 0.506 Moderate Positive 

FST Swimming -0.450 Weak Negative 

FST Climbing -0.231 Negligible 

FCX ERK1 0.978 *(p = <0.001) Strong Positive 

HIP pERK1 -0.270 Negligible 

FCX pERK1 -0.519 Moderate Negative 

HIP SOD 0.654 Moderate Positive 

FCX SOD -0.608 Moderate Negative 

Serum CRP 0.428 Weak Positive 

HIP ERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.210 Negligible 

LCA Ambulatory Counts 0.326 Weak Positive 

LCA Stereotypic Counts 0.835 Strong Positive 

FST Immobility 0.352 Weak Positive 

FST Swimming -0.337 Weak Negative 

FST Climbing -0.097 Negligible 

FCX ERK2 0.954 *(p = 0.003) Strong Positive 

HIP pERK2 -0.713 Strong Negative 

FCX pERK2 -0.894 *(p = 0.016) Strong Negative 

HIP SOD 0.671 Moderate Positive 

FCX SOD 0.116 Negligible 

Serum CRP 0.348 Weak Positive 

FCX ERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.379 Weak Positive 

LCA Ambulatory Counts 0.634 Moderate Positive 

LCA Stereotypic Counts 0.880 *(p = 0.020) Strong Positive 

FST Immobility 0.457 Weak Positive 

FST Swimming -0.388 Weak Negative 

FST Climbing -0.255 Negligible 

HIP ERK1 0.978 *(p = <0.001) Strong Positive 

HIP pERK1 -0.368 Weak Negative 

FCX pERK1 -0.679 Moderate Negative 

HIP SOD 0.764 Strong Positive 

FCX SOD -0.571 Moderate Negative 

Serum CRP 0.444 Weak Positive 
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FCX ERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.025 Negligible 

LCA Ambulatory Counts 0.079 Negligible 

LCA Stereotypic Counts 0.642 Moderate Positive 

FST Immobility 0.374 Weak Positive 

FST Swimming -0.388 Weak Negative 

FST Climbing -0.025 Negligible 

HIP ERK2 0.954 *(p = 0.003) Strong Positive 

HIP pERK2 -0.608 Moderate Negative 

FCX pERK2 -0.889 *(p = 0.017) Strong Negative 

HIP SOD 0.478 Weak Positive 

FCX SOD 0.338 Weak Positive 

Serum CRP 0.248 Negligible 

HIP pERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.085 Negligible 

LCA Ambulatory Counts -0.096 Negligible 

LCA Stereotypic Counts -0.637 Moderate Negative 

FST Immobility -0.714 Strong Negative 

FST Swimming 0.635 Moderate Positive 

FST Climbing 0.323 Weak Positive 

HIP ERK1 -0.270 Negligible 

FCX ERK1 -0.368 Weak Negative 

FCX pERK1 0.671 Moderate Positive 

HIP SOD -0.563 Moderate Negative 

FCX SOD -0.158 Negligible 

Serum CRP 0.006 Negligible 

FCX pERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.492 Weak Negative 

LCA Ambulatory Counts -0.560 Moderate Negative 

LCA Stereotypic Counts -0.929 *(p = 0.007) Strong Negative 

FST Immobility -0.254 Negligible 

FST Swimming 0.190 Negligible 

FST Climbing 0.208 Negligible 

HIP ERK1 -0.519 Moderate Negative 

FCX ERK1 -0.679 Moderate Negative 

HIP pERK1 0.671 Moderate Positive 

HIP SOD -0.822 *(p = 0.044) Strong Negative 

FCX SOD 0.182 Negligible 

Serum CRP -0.385 Weak Negative 
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HIP pERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.114 Negligible 

LCA Ambulatory Counts -0.164 Negligible 

LCA Stereotypic Counts -0.703 Strong Negative 

FST Immobility -0.180 Negligible 

FST Swimming 0.364 Weak Positive 

FST Climbing -0.453 Weak Negative 

HIP ERK2 -0.713 Strong Negative 

FCX ERK2 -0.608 Moderate Negative 

FCX pERK2 0.748 Strong Positive 

HIP SOD -0.301 Weak Negative 

FCX SOD -0.248 Negligible 

Serum CRP -0.797 Strong Negative 

FCX pERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.163 Negligible 

LCA Ambulatory Counts -0.111 Negligible 

LCA Stereotypic Counts -0.751 Strong Negative 

FST Immobility -0.628 Moderate Negative 

FST Swimming 0.657 Moderate Positive 

FST Climbing 0.026 Negligible 

HIP ERK2 -0.894 *(p = 0.016) Strong Negative 

FCX ERK2 -0.889 *(p = 0.017) Strong Negative 

HIP pERK2 0.748 Strong Negative 

HIP SOD -0.514 Moderate Negative 

FCX SOD -0.240 Negligible 

Serum CRP -0.338 Weak Negative 
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HIP SOD 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.637 Moderate Positive 

LCA Ambulatory Counts 0.833 *(p = 0.039) Strong Positive 

LCA Stereotypic Counts 0.888 *(p = 0.018) Strong Positive 

FST Immobility 0.339 Weak Positive 

FST Swimming -0.100 Negligible 

FST Climbing -0.680 Moderate Negative 

HIP ERK1 0.654 Moderate Positive 

HIP ERK2  0.671 Moderate Positive 

FCX ERK1 0.764 Strong Positive 

FCX ERK2 0.478 Weak Positive 

HIP pERK1 -0.563 Moderate Negative 

HIP pERK2 -0.301 Weak Negative 

FCX pERK1 -0.822 *(p = 0.044) Strong Negative 

FCX pERK2 -0.514 Moderate Negative 

FCX SOD -0.586 Moderate Negative 

Serum CRP -0.037 Negligible 

FCX SOD 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.762 Strong Negative 

LCA Ambulatory Counts -0.614 Moderate Negative 

LCA Stereotypic Counts -0.334 Weak Negative 

FST Immobility -0.179 Negligible 

FST Swimming -0.056 Negligible 

FST Climbing 0.643 Moderate Positive 

HIP ERK1 -0.608 Moderate Negative 

HIP ERK2  0.116 Negligible 

FCX ERK1 -0.571 Moderate Negative 

FCX ERK2 0.338 Weak Positive 

HIP pERK1 -0.158 Negligible 

HIP pERK2 -0.248 Negligible 

FCX pERK1 0.182 Negligible 

FCX pERK2 -0.240 Negligible 

HIP SOD -0.586 Moderate Negative 

Serum CRP 0.109 Negligible 
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Restrained:Desipramine 

 

 

 

 

 

 

 

 

 

 

 

Serum CRP 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.017 Negligible 

LCA Ambulatory Counts -0.124 Negligible 

LCA Stereotypic Counts 0.363 Weak Positive 

FST Immobility 0.021 Negligible 

FST Swimming -0.292 Negligible 

FST Climbing 0.703 Strong Positive 

HIP ERK1 0.428 Weak Positive 

HIP ERK2  0.348 Weak Positive 

FCX ERK1 0.444 Weak Positive 

FCX ERK2 0.248 Negligible 

HIP pERK1 0.006 Negligible 

HIP pERK2 -0.797 Strong Negative 

FCX pERK1 -0.385 Weak Negative 

FCX pERK2 -0.338 Weak Negative 

HIP SOD -0.037 Negligible 

FCX SOD 0.109 Negligible 

HIP ERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.319 Weak Negative 

LCA Ambulatory Counts -0.181 Negligible 

LCA Stereotypic Counts -0.357 Weak Negative 

FST Immobility -0.525 Moderate Negative 

FST Swimming 0.512 Moderate Positive 

FST Climbing 0.388 Weak Positive 

FCX ERK1 0.991 *(p = <0.001) Strong Positive 

HIP pERK1 0.132 Negligible 

FCX pERK1 0.261 Negligible 

HIP SOD 0.849 *(p = 0.032) Strong Positive 

FCX SOD -0.398 Weak Negative 

Serum CRP 0.622 Moderate Positive 
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HIP ERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.103 Negligible 

LCA Ambulatory Counts -0.177 Negligible 

LCA Stereotypic Counts 0.091 Negligible 

FST Immobility 0.082 Negligible 

FST Swimming -0.271 Negligible 

FST Climbing 0.402 Weak Positive 

FCX ERK2 0.898 *(p = 0.015) Strong Positive 

HIP pERK2 0.796 Strong Positive 

FCX pERK2 0.885 *(p = 0.018) Strong Positive 

HIP SOD -0.075 Negligible 

FCX SOD 0.825 *(p = 0.043) Strong Positive 

Serum CRP -0.188 Negligible 

FCX ERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.439 Weak Negative 

LCA Ambulatory Counts -0.308 Weak Negative 

LCA Stereotypic Counts -0.455 Weak Negative 

FST Immobility -0.565 Moderate Negative 

FST Swimming 0.531 Moderate Positive 

FST Climbing 0.448 Weak Positive 

HIP ERK1 0.991 *(p = <0.001) Strong Positive 

HIP pERK1 0.100 Negligible 

FCX pERK1 0.171 Negligible 

HIP SOD 0.909 *(p = 0.012) Strong Positive 

FCX SOD -0.310 Weak Negative 

Serum CRP 0.610 Moderate Positive 

FCX ERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.184 Negligible 

LCA Ambulatory Counts -0.287 Negligible 

LCA Stereotypic Counts 0.151 Negligible 

FST Immobility -0.151 Negligible 

FST Swimming -0.114 Negligible 

FST Climbing 0.698 Moderate Positive 

HIP ERK2 0.898 *(p = 0.015) Strong Positive 

HIP pERK2 0.922 *(p = 0.008) Strong Positive 

FCX pERK2 0.926 *(p = 0.008) Strong Positive 

HIP SOD -0.080 Negligible 

FCX SOD 0.884 *(p = 0.019) Strong Positive 

Serum CRP -0.115 Negligible 
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HIP pERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.123 Negligible 

LCA Ambulatory Counts 0.102 Negligible 

LCA Stereotypic Counts 0.302 Weak Positive 

FST Immobility -0.507 Moderate Negative 

FST Swimming 0.414 Weak Positive 

FST Climbing 0.544 Moderate Positive 

HIP ERK1 0.132 Negligible 

FCX ERK1 0.100 Negligible 

FCX pERK1 0.849 *(p = 0.032) Strong Positive 

HIP SOD -0.123 Negligible 

FCX SOD 0.148 Negligible 

Serum CRP 0.552 Moderate Positive 

FCX pERK1 

Data Point Compared r value Interpretation 

LCA Distance Traveled 0.513 Moderate Positive 

LCA Ambulatory Counts 0.542 Moderate Positive 

LCA Stereotypic Counts 0.554 Moderate Positive 

FST Immobility -0.188 Negligible 

FST Swimming 0.180 Negligible 

FST Climbing 0.215 Negligible 

HIP ERK1 0.261 Negligible 

FCX ERK1 0.171 Negligible 

HIP pERK1 0.849 *(p = 0.032) Strong Positive 

HIP SOD -0.179 Negligible 

FCX SOD -0.180 Negligible 

Serum CRP 0.443 Weak Positive 

HIP pERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.499 Weak Negative 

LCA Ambulatory Counts -0.585 Moderate Negative 

LCA Stereotypic Counts -0.160 Negligible 

FST Immobility -0.259 Negligible 

FST Swimming -0.028 Negligible 

FST Climbing 0.791 Strong Positive 

HIP ERK2  0.796 Strong Positive 

FCX ERK2 0.922 *(p = 0.008) Strong Positive 

FCX pERK2 0.973 *(p = 0.001) Strong Positive 

HIP SOD 0.222 Negligible 

FCX SOD 0.911 *(p = 0.011) Strong Positive 

Serum CRP -0.106 Negligible 
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FCX pERK2 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.379 Weak Negative 

LCA Ambulatory Counts -0.464 Weak Negative 

LCA Stereotypic Counts -0.080 Negligible 

FST Immobility -0.060 Negligible 

FST Swimming -0.214 Negligible 

FST Climbing 0.659 Moderate Positive 

HIP ERK2 0.885 *(p = 0.018) Strong Positive 

FCX ERK2 0.926 *(p = 0.008) Strong Positive 

HIP pERK2 0.973 *(p = 0.001) Strong Positive 

HIP SOD 0.154 Negligible 

FCX SOD 0.946 *(p = 0.004) Strong Positive 

Serum CRP -0.246 Negligible 

HIP SOD 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.725 Strong Negative 

LCA Ambulatory Counts -0.615 Moderate Negative 

LCA Stereotypic Counts -0.742 Strong Negative 

FST Immobility -0.529 Moderate Negative 

FST Swimming 0.478 Weak Positive 

FST Climbing 0.429 Weak Positive 

HIP ERK1 0.849 *(p = 0.032) Strong Positive 

HIP ERK2  -0.075 Negligible 

FCX ERK1 0.909 *(p = 0.012) Strong Positive 

FCX ERK2 -0.080 Negligible 

HIP pERK1 -0.123 Negligible 

HIP pERK2 0.222 Negligible 

FCX pERK1 -0.179 Negligible 

FCX pERK2 0.154 Negligible 

FCX SOD -0.091 Negligible 

Serum CRP 0.469 Weak Positive 
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FCX SOD 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.285 Negligible 

LCA Ambulatory Counts -0.409 Weak Negative 

LCA Stereotypic Counts 0.018 Negligible 

FST Immobility 0.112 Negligible 

FST Swimming -0.372 Weak Negative 

FST Climbing 0.508 Moderate Positive 

HIP ERK1 -0.398 Weak Negative 

HIP ERK2  0.825 *(p = 0.043) Strong Positive 

FCX ERK1 -0.310 Weak Negative 

FCX ERK2 0.884 *(p = 0.019) Strong Positive 

HIP pERK1 0.148 Negligible 

HIP pERK2 0.911 *(p = 0.011) Strong Positive 

FCX pERK1 -0.180 Negligible 

FCX pERK2 0.946 *(p = 0.004) Strong Positive 

HIP SOD -0.091 Negligible 

Serum CRP -0.466 Weak Negative 

Serum CRP 

Data Point Compared r value Interpretation 

LCA Distance Traveled -0.349 Weak Negative 

LCA Ambulatory Counts -0.257 Negligible 

LCA Stereotypic Counts -0.401 Weak Negative 

FST Immobility -0.868 *(p = 0.025) Strong Positive 

FST Swimming 0.942 *(p = 0.004) Strong Positive 

FST Climbing 0.331 Weak Positive 

HIP ERK1 0.622 Moderate Positive 

HIP ERK2  -0.188 Negligible 

FCX ERK1 0.610  

FCX ERK2 -0.115 Negligible 

HIP pERK1 0.552 Moderate Positive 

HIP pERK2 -0.106 Negligible 

FCX pERK1 0.443 Weak Positive 

FCX pERK2 -0.246 Negligible 

HIP SOD 0.469 Weak Positive 

FCX SOD -0.466 Weak Negative 
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Statistically Significant Linear Regression Plots 

Not-Restrained:Saline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Linear regression analysis of a) FST Immobility and FCX ERK1 expression (p = 0.010), 

b) FST Swimming and FCX ERK1 expression (p = 0.032), c) HIP ERK1 and FCX 

ERK1 expression (p = 0.005), d) HIP ERK1 and FCX ERK1 expression (p = <0.001), 

e) LCA Distance Traveled and HIP pERK1 levels (p = 0.033), and f) LCA Ambulatory 

Counts and HIP pERK1 levels (p = 0.046). 

a b 

c d 

e f 
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Linear regression analysis of g) FST Immobility and HIP SOD expression (p = 0.042), 

h) HIP ERK 1 and HIP SOD expression (p = 0.003), i) FCX ERK1 and HIP SOD 

expression (p = 0.001), j) HIP ERK2 expression and HIP pERK2 levels (p = 0.034), k) 

HIP ERK2 expression and FCX pERK2 levels (p = 0.049), and l) HIP pERK2 and FCX 

pERK2 levels (p = 0.015). 

g h 

i j 

k l 



84 

 

 

 

 

 

 

 

 

 

 

 

Not-Restrained:Desipramine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Linear regression analysis of m) FCX pERK1 levels and FCX SOD expression (p = 

0.043) and n) Serum CRP and FCX SOD expression (p = 0.047). 

m n 

Linear regression analysis of o) LCA Distance Traveled and FCX ERK2 expression (p 

= 0.017), p) LCA Ambulatory Counts and FCX SOD expression (p = 0.020), q) LCA 

Stereotypic Counts and FCX SOD expression (p = 0.026), and r) Serum CRP and FCX 

SOD expression (p = 0.036). 

o p 

q r 
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Restrained:Saline 

 

 

 

 

 

 

 

Linear regression analysis of s) HIP ERK1 and HIP SOD expression (p = <0.001), t) 

FCX ERK1 and HIP SOD expression (p = 0.001), u) HIP ERK1 and FCX ERK1 

expression (p = <0.001), and v) HIP ERK2 and FCX ERK2 expression (p = 0.031). 

s t 

u v 

Linear regression analysis of w) LCA Stereotypic Counts and HIP ERK2 expression (p 

= 0.038) and x) LCA Stereotypic Counts and FCX ERK1 expression (p = 0.020). 

w x 
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Linear regression analysis of y) LCA Stereotypic Counts and FCX pERK1 levels (p = 

0.007), z) LCA Stereotypic Counts and HIP SOD expression (p = 0.018), aa) LCA 

Ambulatory Counts and HIP SOD expression (p = 0.039), ab) FCX pERK1 levels and 

HIP SOD expression (p = 0.044), ac) HIP ERK1 and FCX ERK1 expression (p = 

<0.001), and ad) HIP ERK2 and FCX ERK2 expression (p = 0.003). 

y z 

aa ab 

ac ad 
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Restrained:Desipramine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Linear regression analysis of ae) FCX ERK2 expression and FCX pERK2 levels (p = 

0.017) and af) HIP ERK2 expression and FCX pERK2 levels (p = 0.016). 

ae af 

Linear regression analysis of ag) FCX ERK2 expression and HIP pERK2 levels (p = 

0.008), ah) HIP pERK2 and FCX pERK2 levels (p = 0.001), ai) FCX ERK2 expression 

and FCX pERK2 levels (p = 0.008), and aj) HIP ERK2 expression and FCX pERK2 

levels (p = 0.018). 

ag ah 

ai aj 
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Linear regression analysis of ak) HIP pERK1 and FCX pERK1 levels (p = 0.032), al) 

HIP ERK1 and FCX ERK1 expression (p = <0.001), am) HIP ERK2 and FCX ERK2 

expression (p = 0.015), an) FCX ERK1 and HIP SOD expression (p = 0.012), ao) HIP 

ERK1 and HIP SOD expression (p = 0.032), and ap) HIP ERK2 and FCX SOD 

expression (p = 0.043). 

ak al 

am an 

ao ap 
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Linear regression analysis of aq) FCX ERK2 and FCX SOD expression (p = 0.019), ar) 

HIP pERK2 levels and FCX SOD expression (p = 0.011), as) FCX pERK2 levels and 

FCX SOD expression (p = 0.004), at) FST Immobility and Serum CRP expression (p = 

0.025), and au) FST Swimming and Serum CRP expression (p = 0.004). 

aq ar 

au 

as at 
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APPENDIX B 

BEHAVIORAL TESTING EQUIPMENT 
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APPENDIX B 

BEHAVIORAL TESTING EQUIPMENT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LCA 

Image taken from: http://kc.vanderbilt.edu/mnlcore/OFchamber.html 

 

FST 

Image taken from: http://sperlaghlab.hu/methods 
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APPROVED MU IACUC PROTOCOL 
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APPENDIX C 

APPROVED MU IACUC PROTOCOL 

MERCER UNIVERSITY  

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE 

APPLICATION FOR THE USE OF ANIMALS IN RESEARCH TEACHING AND 

TRAINING 

 

 

 

INSTRUCTIONS:  PLEASE TYPE. 

This document was prepared in Word 

as a form. Please enter information in 

the space indicated. All fields will 

adjust to allow spacing as needed.  
  

ANSWER ALL QUESTIONS AS 

COMPLETELY AS POSSIBLE. The 

information provided should address 

a specific project in its entirety.  
  

Acquire all necessary signatures 

before submitting to the Office of 

Research Compliance.  
ORC_Research@Mercer.edu  

For IACUC use only:  
  

Animal Protocol Number  A1403006_01  

  

Designated Reviewers: Drs. W. Jenkins & Uchakin  

  

Date Received     03/04/2014  

  

Date Approved  

  

 Biohazard  ___         HazChem ___        Radiation  

___  

  

Approved by:  IBC ___       HCC  ___        RSC ___  

Principal Investigator Renée L. Hayslett  Title/Rank  

Assistant Professor  

Date 3/4/14  Campus Telephone  678-547-6249  

Department  

Pharmaceutical Sciences  

Campus Address  

Atlanta Campus, Duvall 111  

Email Address  

Hayslett_rl@mercer.edu  

Campus FAX 678-547-6423  

Project Title: Investigating the regulation of mood and cognition in an adolescent restraint 

stress model of depression 
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For which purpose will this animal activity protocol be conducted?  

  

(X)  Research (  ) Teaching (  ) Training  

  

Which status applies to this application?  

  

(X)  New (first submission of this animal activity protocol)  

  

 (  )  Continuation without changes: Previous Animal Activity Protocol #    

  

 (  )  Continuation with changes: Previous Animal Activity Protocol # 

    

1. a.  Summary for the IACUC database.  In no more than two short sentences and with 

lay terminology, state the specific purpose(s) of the study.  This summary appears on 

IACUC agenda and minutes, on reports to the Institutional Official, and in the IACUC 

database.  Consequently, it must be reasonably representative of the study and easily 

understandable to community as well as professional members of the IACUC and 

University administration who are not familiar with your study area. The purpose of this 

study is to validate and use a chronic stress animal model of depression to investigate 

brain systems implicated in the cause of depression and memory problems in women, 

and to explore potential treatments for major depressive disorder.        

  

b.   Objectives and relevance.  Briefly state, using easily understandable LAY 

TERMINOLOGY, the specific objectives of the study and their relevance in 

advancing scientific knowledge and human or animal health.  If any reviewer, 

including one whose primary concerns are nonscientific, cannot understand this 

section, the application will be returned.  A scientific abstract from a grant 

application using technical terms is not acceptable.  

 

Major depressive disorder (MDD), commonly known as depression, affects approximately 

14.8 million American adults, or about 6.7 percent of the U.S. population aged 18 and older 

in a given year. This disorder is two times more prevalent in women than men, and is 

associated with chronic stress. Stressful events during developmental periods, such as 

abuse or neglect during childhood and adolescence, are risk factors for developing 

depression and memory deficits in adulthood. The gender difference observed in MDD 

patients appears to arise post-puberty, suggesting that ovarian hormones may be involved 

in the cause of depression. In fact, women with a history of depression are more likely to 

All Sponsoring Agencies (including Mercer 

University) Name and Mailing Address:  

Mercer University  

1400 Coleman Avenue  

Macon, GA  

Anticipated Starting Date of Project   

April 1, 2014  

Anticipated Completion Date   March 

31, 2017  
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experience depressive symptoms after significant declines in estrogen levels, i.e. post-

partum and peri-and post-menopause. In addition, estrogen has been shown to increase the 

antidepressant effects of some drugs. Furthermore, depressed individuals are more likely 

to begin smoking and continue smoking compared to non-depressed individuals. It has 

been proposed that depressed individuals smoke cigarettes in an attempt to selfmedicate. 

Therefore, the association of smoking and depression is particularly important among 

women.   

  

Depression, as well as declines in estrogen levels, are correlated with memory impairment 

and neurodegeneration. Traditional antidepressant medications such as SSRIs, e.g., Prozac, 

often have adverse effects, including impairing psychomotor control, which is important 

for tasks such as driving a car. Estrogen, nicotine, and their analogs, have been shown to 

enhance memory as well as stimulate cell proliferation in brain regions implicated in 

memory and mood regulation.   

  

The objectives of this study are: to use an adolescent chronic restraint stress model of 

depression to determine the effects of estrogenic agents (in the form of 17β-estradiol, a 

natural estrogen; and, selective estrogen receptor modulators: compounds that mimic 

actions of estrogen) and nicotinic agents (selective nicotinic receptor agents: compounds 

that mimic actions of nicotine), alone and in combination with each other, on depressive-

like behavior and memory function in female rats. In addition, the effects of standard 

antidepressants will be observed in the behavioral experiments in order to serve as a 

positive control and a point of comparison. Other objectives are to evaluate the effects of 

the treatment of estrogenic and nicotinic agents to female rats on brain systems implicated 

in regulating mood (regions called frontal cortex, hippocampus, amygdala, hypothalamus, 

nucleus accumbens) and compare the results with standard antidepressant drugs. 

Identifying how estrogen and nicotine may contribute to or alleviate symptoms of 

depression can lead to a better understanding of the neurobiology of the disease as well as 

development of more effective therapies for depression.  

  

2. Animal usage.  In a - c, describe how animals will be used in the study:  

  

a. Outline the general experimental design.  Describe all procedures, other than 

surgeries, to be conducted on the animals, and designate the frequency with which 

they will be performed.  (Surgeries should only be mentioned here as they relate to 

the study design.  Descriptions of surgeries, anesthetics, analgesics, injections, etc., 

are requested elsewhere.)  State the rationale for using a particular species and for 

each procedure.  

  

i. Female rats will be commercially purchased and will serve as the animal model. 

Rats are extensively used in behavioral research and are an appropriate model 

to use in neuroscience research, as described below. Chronic restraint stress is 

widely used as a depression model in rats by inducing painless psychological 

stress, leading to predictable behavioral and physical changes similar to those 

seen in depressed humans. Chronic stress, particularly during developmental 

periods such as adolescence, has been shown to cause depressive 
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symptomology in adulthood. This has been observed in humans and animals. 

Restraint methods will be a variation of Barha, et al, 2011. Beginning P32, 

female rats will be held in a restraint tube daily for 60 minutes for 12 

consecutive days. The rats will be placed in well-ventilated restraining tubes 

small enough to prevent them from moving freely, but not small enough to 

create physical discomfort. The rats will be monitored for the duration that they 

are held in the restraint tube. A representative tube is pictured below. The 

restraint will occur in a novel holding cage between 8am and 4pm. Unrestrained 

rats will remain in their home cage, but in the same room as their stressed 

counterparts, during the restraint times. Restraint will occur out of sight of 

unrestrained rats. The restraining tubes will be cleaned with 7% isopropyl 

alcohol between episodes of restraint.   

  
Rats will not be restrained during P45-P59, and this time may be used for chronic 

treatment with an established antidepressant such as fluoxetine and/or another 

test compound. Behavioral testing will begin on P60.   

  

Sections ii-viii below describe the behavioral assays that will be used in this 

model.  

ii. The sucrose preference test is a widely used and well validated measure of 

anhedonia, a symptom of depression. Rats typically show preference for 

sucrose solution, and failure to do so is considered anhedonic behavior. This 

test will be performed in the week preceding behavioral testing, prior to any 

disruptive events (such as blood collection or habituation to behavioral assay 

locations). To accustom the rats to the sucrose solution, two drinking bottles 

will be offered for 48 hours, one with water and one containing 2% sucrose 

solution. The drinking bottles will then be refilled, weighed, and replaced. After 

four days, the bottles will be removed and reweighed, and the percent sucrose 

solution consumed will be calculated by dividing the sucrose solution 

consumed by the total fluid consumed. The bottles will be moved from one side 

of the cage to the other daily to control for place preference for drinking.  

  

iii. The open field test was designed to study exploratory activity in rats and 

measures locomotor activity. The animal will be placed in a clear plastic box 

(measuring 17”x17”) for 10 minutes and horizontal and vertical ambulatory 

counts will be recorded. The chamber will be cleaned with 7% isopropyl 

alcohol after each use. This test is commonly used in conjunction with the 

Forced Swimming Test (FST) to control for nonspecific actions of a drug 

treatment. If a drug regimen increases general activity of the rat, then this could 
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lead to a false positive antidepressant effect in the FST. The rat has been used 

extensively in the open field test to measure locomotor activity. This test will 

be employed in acute (single drug administration) and chronic (repeated drug 

administration) behavioral studies. This test will be employed in acute (single 

drug administration) and chronic (repeated drug administration) behavioral 

studies. Rats will receive subcutaneous injections of various doses of drugs, or 

the combination of drugs and then be tested in the open field.  

  

iv. The forced swimming test (FST) is used for screening of antidepressant drugs 

and for the analysis of the neurobiological bases of depression. In this 

paradigm, rats are forced to swim and eventually adopt a floating posture 

identified as immobility behavior, which is considered an index of ‘behavioral 

despair.’ The subject is placed into a clear plastic cylinder (60 cm height x 17 

cm diameter) containing 30OC water that is 30 cm deep, so that the rat cannot 

support itself by touching the bottom of the tank with its paws. Animals will be 

subjected to a 15-minute training session 24 hours before the behavioral test on 

P60. The test session on P60 lasts for 5 minutes and will be videotaped for later 

scoring. Fresh water will be used for each animal.  

Scoring of the FST employs a sampling technique, in which the behavior 

(swimming, climbing, immobile) of the animal is recorded in 5-second intervals. 

The behavior of the rat in this test has been extensively studied and implicates 

depressive-like characteristics that can be extrapolated to human traits. This test 

will be employed in acute (single drug administration) and chronic (repeated 

drug administration) behavioral studies. Rats will receive subcutaneous 

injections of various doses of drugs, or the combination of drugs, and then be 

tested in the FST.    

  

v. The elevated plus maze (EPM) is used to measure anxious behavior of rats. The 

apparatus consists of four arms, 49 cm long and 10 cm wide, elevated 50 cm 

off the ground. Two of the four arms are enclosed by walls (30 cm high). At the 

beginning of the experiment, the rat will be placed at the junction of the arms 

and the time spent on open and closed arms will be recorded. The session lasts 

for 5 minutes and will be recorded for later scoring. The apparatus will be 

cleaned with 7% isopropyl alcohol after each session. An increase in time spent 

on the open arms indicates anti-anxiety behavior. This test will be employed in 

acute (single drug administration) and chronic (repeated drug administration) 

behavioral studies. This test will be employed in acute (single drug 

administration) and chronic (repeated drug administration) behavioral studies. 

Rats will receive subcutaneous injections of various doses of drugs, or the 

combination of drugs and then be tested in the EPM.      

  

vi. The novel object recognition task (NOR) is used to measure object recognition 

memory in rats. The rat will be allowed to explore an open field apparatus 

(described in iii) with two identical objects for five minutes and then returned 

to its home cage for an inter-trial interval of 1, 2, or 3 hours. The rat will then 
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be allowed to explore for five minutes the open field apparatus with one of the 

objects previously encountered and a novel object. More time spent exploring 

the novel object compared to the familiar object indicates recognition of the 

familiar object. The session will be videotaped for later scoring. The apparatus 

and all objects will be cleaned with 7% isopropyl alcohol between each session. 

Scoring of the NOR requires summing the time spent exploring each object. 

This test has been extensively used in rats and is a measure of memory function. 

This test will be employed in chronic (repeated drug administration) behavioral 

studies. Rats will receive subcutaneous injections of various doses of drugs, or 

the combination of drugs and then be tested in the NOR.  

  

vii. The object location recognition task (OLT) is used to measure spatial memory 

in rats. The rat will be allowed to explore an open field apparatus (described in 

iii) with two identical objects for five minutes and then returned to its home 

cage for an inter-trial interval of 1, 2, or 3 hours. The rat will then be allowed 

to explore for five minutes the open field apparatus with both of the objects 

previously encountered, one of which will be placed in the same location as it 

was previously, and one of which will be placed in a novel location. More time 

spent exploring the object in the novel location compared to the object in the 

familiar location indicates recognition of the familiar location. The session will 

be videotaped for later scoring. The apparatus and all objects will be cleaned 

with 7% isopropyl alcohol between each session. Scoring of the OLT requires 

summing the time spent exploring each object. This test has been extensively 

used in rats and is a measure of memory function. This test will be employed 

in chronic (repeated drug administration) behavioral studies. Rats will receive 

subcutaneous injections of various doses of drugs, or the combination of drugs, 

and then be tested in the OLT.  

  

viii. The ladder rung walking task is used to measure subtle motor impairments by 

measuring foot placement errors. The apparatus consists of a horizontal ladder 

built from two pieces of clear plastic measuring 1 meter long and 20 cm high. 

The metal rungs of the ladder can be arranged in a regular pattern or an irregular 

pattern. The apparatus will be cleaned between each session. The rat will be 

placed onto one end of the horizontal ladder and allowed to walk across the 

ladder to return to its home cage. The session will be videotaped for future 

scoring. Scoring the ladder rung walking task is done by counting and rating 

missed and nearly-missed foot placements. The behavior of the rat in this test 

unmasks subtle impairment of forebrain-regulated motor control. This test will 

be employed in acute (single dose administration) and chronic (repeated dose 

administration) behavioral studies. Rats will receive subcutaneous injections of 

various doses of drugs, or the combination of drugs, and then be tested in the 

ladder rung walking task.  
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Collection of blood and brain tissue ix. Blood will be collected at various time 

points during experiments to determine plasma concentrations of drugs and 

endogenous compounds.  

  

x. Brain tissue will be collected to determine effects of drug treatment on brain 

systems in several brain regions that have been implicated in mood regulation 

(regions: frontal cortex, hippocampus, amygdala, hypothalamus, nucleus 

accumbens). Brain systems include nicotinic receptors, the site of action of 

nicotine, estrogen receptors, the site of action of estrogen, brain derived 

neurotrophic factor (BDNF), serotonin, norepinephrine and dopamine receptors. 

BDNF, serotonin, norepinephrine and dopamine receptors have been implicated 

in the pathophysiology of depression; furthermore, some standard 

antidepressant medications mediate their actions through these receptors. Brain 

tissue will be collected to measure mRNA and protein levels of these brain 

systems subsequent to drug administration. These neurochemical experiments 

will provide insight to the neurobiological effect of the administered agents.  

  

b. Provide a detailed listing of animal group sizes (both experimental and control 

groups).  State the rationale for the size of each group and for the number of groups 

to be studied.  Inclusion of a diagram or table is highly recommended.  The 

application will be returned if this information is not presented with clarity and 

concision.  

  

The requested number of animals in each experiment is based on statistical requirements 

to detect significant effects of treatment on behavioral or neurochemical parameters.   

Several groups for the estrogenic, nicotinic and antidepressant agents are necessary in order 

to detect differences in behavioral response that may occur depending upon the dose or 

amount of drug administered. The dose for each agent that provides the most robust 

response in behavioral experiments will be used for combination drugs treatments as well 

as in neurochemical assays to detect changes in brain chemistry. These neurochemical 

changes resulting from drug administration may suggest a mechanism for the observed 

behavioral response.  

   

Behavioral Pharmacology Studies  

 

Agents 

 

Experiment Groups 

 

Number of 

Rats 

None  2 groups (Unrestrained, Restrained) x 

10/group  

20  

Nicotinic Receptor 

Agents:  

Dose Response with  

MFCD08282461  

5 groups (1 vehicle control, 1 positive 

control (e.g.  

SSRI), 3 treatment) x 10/group  

50  
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Nicotinic Receptor 

Agents:  

Dose Response with 

PNU- 

282897  

5 groups (1 vehicle control, 1 positive 

control (e.g.  

SSRI), 3 treatment) x 10/group  

50  

Nicotinic Receptor 

Agents: Dose Response 

with methyllylcaconitine 

(MLA)  

4 groups (1 vehicle control, 3 treatment) x  

10/group  

40  

Nicotinic Receptor 

Agents:  

MFCD08282461+  

Antagonism with 

methyllycaconitine 

(MLA)  

4 groups (1 vehicle control, 3 treatment) x  

10/group  

40  

Nicotinic Receptor 

Agents: PNU-282897 + 

Antagonism with MLA  

4 groups (1 vehicle control, 3 treatment) x  

10/group  

40  

Nicotinic Receptor 

Agents:  

MFCD08282461 + SSRI  

4 groups (1 vehicle control, 3 treatment) x  

10/group  

40  

Nicotinic Receptor 

Agents:  

PNU-282897 + SSRI  

4 groups (1 vehicle control, 3 treatment) x  

10/group  

40  

Estrogen Receptor 

Agents: Dose Response 

with 17βestradiol  

5 groups (1 vehicle control, 1 positive 

control (e.g.  

SSRI), 3 treatment) x 10/group  

50  

Estrogen Receptor 

Agents:  

Dose Response with  

Diarylpropionitrile 

(DPN)  

5 groups (1 vehicle control, 1 positive 

control (e.g.  

SSRI), 3 treatment) x 10/group  

50  

Estrogen Receptor 

Agents:  

Dose Response with ICI  

182,780  

4 groups (1 vehicle control, 3 treatment) x  

10/group  

40  

Estrogen Receptor 

Agents:  

DPN + Antagonism with 

ICI  

182,780  

4 groups (1 vehicle control, 3 treatment) x  

10/group  

40  
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Estrogen Receptor 

Agents:  

DPN + SSRI  

4 groups (1 vehicle control, 3 treatment) x  

10/group  

40  

Combination:  

MFCD08282461 + DPN  

5 groups (1 vehicle control, 4 treatment) x  

10/group  

50  

Combination:  

PNU-282897 + DPN  

5 groups (1 vehicle control, 4 treatment) x  

10/group  

50  

TOTAL    640  

  

c. If statistical analyses will be performed, identify the particular methods and state the 

rationale for using them. Analysis of the data from the proposed behavioral and 

neurochemical experiments will usually require analysis of variance (ANOVA), 

since most experiments use more than two groups and/or multi-factor designs. When 

significant differences are obtained with ANOVAs, Tukey’s post hoc test will be 

applied to conduct individual comparisons between groups. In the event that 

comparisons between only two groups are needed, appropriate t-tests will be used 

to assess significant differences. Statistical analyses will be performed using 

SigmaStat software. Analysis of variance (ANOVA) followed by Tukey’s post hoc 

test will be performed to detect significant differences among drug treatment groups 

for behavioral or neurochemical studies.   

  

3. Alternatives, reduction, replacement, and refinement:     

  

a. Explain why you cannot use an alternative to the use of animals.  

Understanding the behavioral effects of neuroactive substances on animal models of 

depression requires experimental designs that can evaluate the effects of such drugs on 

representative symptoms. Such observations are only possible in established animal 

models. Moreover, understanding the neurochemical bases of drug effects also requires 

measurements of appropriate neurochemicals in specific brain regions of such animals. 

Therefore, there is no in vitro substitute.  

  

b. Explain why you cannot reduce the number of animals needed further than what 

you have specified.  

The requested number of animals in each experiment is based on statistical requirements 

to detect significant effects of treatment on behavioral or neurochemical parameters.  

  

c. Explain why you cannot replace your choice(s) of species with a lower species.  

Prior relevant research/data have been collected for this species. In addition, brain tissue to 

be harvested requires an animal of this size. Furthermore, rats offer an ideal model for 

investigating the neurochemical bases of depression. Considerable neurochemical and 

behavioral data in rats are available. This affords an integration of the results of the current 

studies with those in the literature.  
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d. Explain why you cannot refine your experimental procedures further to minimize 

pain or distress.  

The procedures that will cause some distress to the animals are chronic restraint, the forced 

swim test, the elevated plus maze, and the ladder rung walk. Chronic restraint stress is used 

to induce behavioral and physiological changes that model depression, and the other 

procedures are used to measure depressivelike behaviors, anxiety-like behaviors, and motor 

control respectively. The animals will be subjected to these tests for the minimum amount 

of time that has been established as an accurate index of behavioral characteristics.  

  

e. State how or why this study does not unnecessarily duplicate previous experiments.    

Estrogen has been shown to decrease depressive-like behavior in the forced swim test and 

anxiety-like behavior in the elevated plus maze in female rats. Estrogen, estrogenic agents, 

nicotine, and nicotinic agents have also been shown to enhance memory. However, the 

effects of nicotine and other nicotinic agents on depressive behaviors in female rats have 

not been evaluated nor have the effects of the combination of nicotinic and estrogenic 

compounds. It is important to confirm the effects of estrogen agents in these behavioral 

paradigms utilizing an animal model of depression and to compare those results to nicotinic 

effects alone and in combination with estrogen agents. Furthermore, the effect of estrogens 

on various brain systems has not been fully elucidated and the effect of the combination of 

nicotinic agents and estrogens on discrete brain systems has not been explored. Therefore, 

the overall goal of this longterm study can provide insight for the first time to the behavioral 

functions and physiological effects of estrogens and nicotinic agents in females in the 

context of depression.   

  

f. Identify the databases you searched to corroborate parts a - e above.  

  

 Date of the search:  PubMed and Google Scholar, on multiple search dates ranging from 

12/14/09 through 2/23/14  

  

Years covered by the search: 1975-present  

  

Key words used for the search: Depression, anxiety, smoking, cigarettes, females, 

ovarian hormones, estrogen, nicotine, rodents, forced swim test, open field test, 

elevated plus maze, antidepressants, memory, object recognition, sucrose preference, 

restraint, juvenile restraint, chronic stress, adolescent stress.  

  

4. Category of study by distress and pain level:  

  

Definitions  

  

Category C:  Non-Painful and Non-Stressful -- Studies, experiments and 

tests which will not cause any pain or distress in the animals or procedures 

causing only transitory discomfort (e.g., most injections, veni puncture, 

food/water deprivation for short periods).  
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Category D:  Painful or Stressful Conducted with 

Analgesia/Anesthesia/Tranquilizers -- Painful procedures carried out on 

anesthetized animals which do not subsequently wake up from anesthesia 

("Acute Studies") or painful or stressful procedures that are carried out using 

appropriate anesthesia or pain-relieving medication following which the 

animals will be allowed to recover.  

  

Category E:  Painful or Stressful Conducted without Pain or Stress 

Reliving Measures -- Painful and stressful procedures that are performed 

without the use of anesthetics, analgesics and tranquilizing medications or 

other measures to prevent and/or relieve pain and distress, or procedures that 

will induce pain or stress at a later time (e.g. immunization employing Freund's 

adjuvant), or painful or stressful procedures not amendable to relief by 

therapeutic measures.  

  

In the table below, estimate the total number of animals to be used during this study 

according to the category of pain and distress defined above. For each applicable 

category, list each species and record the number of animals to be used in each year of 

the project.  These numbers must clearly correlate with those indicated in ¶2b, above.  
        

Species  Category  Year 1  Year 2  Year 3  Project Total  

Rat  C  320  220  100  640  

            

  

5. Surgery:  

  

a. In separate paragraphs describe each surgical procedure for each species. Be sure 

to address preparation of the surgical facility, sterilization of instruments, and 

disinfection of the site of incision.  If pre and post op analgesia is withheld, give 

justification.  

    N/A   

    

b. Method and amount of anesthesia or analgesia  

  

     Ane sthesia/Analgesia   

Species    Drugs  Dose/Frequency  Route  

           Induction        

  Maintenance        

  Other drugs (e.g., 

paralytic agents)  

      

  

c. If animals will be anesthetized, how will the depth of anesthesia be determined and 

monitored?  

    N/A  



104 

 

08/27/2012 rev.   

      

d. If animals will be allowed to recover from anesthesia, describe your procedures and 

techniques to maintain aseptic conditions.  

N/A  

    

e. If more than one surgery is to be performed on the same animal, state your 

justification for more than one survival surgery on the animal. N/A  

  

f. Describe post-operative care, including monitoring during recovery from 

anesthesia and treatment for pain.  Indicate any anticipated adverse effects and how 

the animal will be monitored for them. N/A  

  

g. Site(s) of operating and recovery rooms:   

N/A  

  

    

h. Surgeon’s name: N/A    Telephone:           

 Cell/Pager:    

  

i. Person responsible for immediate (in-loco) post-operative care: N/A  

  

   Name:   Telephone: Cell/ Pager:   

                  

6. Non-surgical procedures:  

  

a. Describe all potentially painful or distressful non-surgical procedures (e.g., 

behavioral training, food/water deprivation, painful stimuli, etc.).  In separate 

paragraphs describe each procedure for each species.  

 

Chronic restraint stress is used to induce painless psychological stress that results in 

behavioral and physical changes similar to those seen in depressed humans. This paradigm 

occurs during the light cycle, when rats are the least active. Rats are placed in well-

ventilated restraining tubes small enough to prevent them from moving freely, but not small 

enough to create physical discomfort, for 60 minutes for 12 consecutive days. The 

restraining tubes will be cleaned with dilute (7%) isopropyl alcohol between episodes of 

restraint.  

  

The forced swimming test (FST) is used for screening of antidepressant drugs and for the 

analysis of the neurobiological bases of depression. In this paradigm, rats are forced to 

swim and eventually adopt a floating posture identified as immobility behavior, which is 

considered an index of ‘behavioral despair.’ The subject is placed into a clear plastic 

cylinder (60 cm height x 17 cm diameter) containing 30OC water that is 30 cm deep, so 

that the rat cannot support itself by touching the bottom of the tank with its paws. The 

session lasts for 5 minutes and is videotaped for later scoring. Fresh water will be used for 

each animal.  
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The open field test was designed to study exploratory activity in rats and measures 

locomotor activity. The animal will be placed in a clear plastic box (measuring 17”x17”) 

for 10 minutes and horizontal and vertical ambulatory counts will be recorded. The 

chamber will be cleaned after each use. This test is commonly used in conjunction with the 

Forced Swimming Test (FST) to control for nonspecific actions of a drug treatment.  

  

The elevated plus maze is used to measure anxious behavior of rats. The apparatus consists 

of four arms, 49 cm long and 10 cm wide, elevated 50 cm off the ground. Two of the four 

arms are enclosed by walls (30 cm high). At the beginning of the experiment, the rat will 

be placed at the junction of the arms and the time spent on open and closed arms will be 

recorded. The session lasts for 5 minutes and will be recorded for later scoring. The 

apparatus will be cleaned after each session.  

  

The novel object recognition task (NOR) is used to measure object recognition. The animal 

will be placed in a clear plastic box (measuring 17”x17”) for 5 minutes with two identical 

objects. After an inter-trial interval of 1, 2, or 3 hours, the rat will be returned to the box 

with one of the identical objects and a novel object. The session lasts five minutes and is 

recorded for later scoring. The chamber will be cleaned after each use.  

  

The object location recognition task (OLT) is used to measure spatial memory. The animal 

will be placed in a clear plastic box (measuring 17”x17”) for 5 minutes with two identical 

objects. After an inter-trial interval of 1, 2, or 3 hours, the rat will be returned to the box 

with both identical objects, one of which will be placed in a novel location and one of 

which will be placed in a familiar location. The session lasts five minutes and is recorded 

for later scoring. The chamber will be cleaned after each use.  

  

b. What provisions will be made to prevent and alleviate pain or distress (anesthetics/ 

analgesics/tranquilizers)? The animals will be subjected to these tests for the minimum 

amount of time that has been established as an accurate index of behavioral 

characteristics.  

    

c. If animals will be physically restrained, other than for routine caging and handling, 

describe the frequency and duration. The animals will be subjected to physical restraint 

for 60 minutes per day, for no more than 12 consecutive days.  

  

d. If animals will be chemically restrained, sedated or anesthetized (for procedures 

other than surgery), describe the regimens to be used.  

N/A  

  

e. If adverse effects on the animals are anticipated (e.g., excessive tumor 

development, painful inflammation, respiratory distress, etc.), state how the animals 

will be monitored and at what point the experiments will be terminated?  If death must 

be the endpoint, sound justification must be stated, including supportive literature 

citations. N/A  
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f. Person who will monitor/observe the animals:  

Name: Renee Hayslett       Telephone: 678-547-6249         Cell/ Pager: 404-825-9577  

   

7. Euthanasia:  Identify the proposed method of euthanasia for each species.  The AVMA 

Euthanasia Committee Report of   

2013 should be followed.  Deviation from these guidelines may be approved upon 

written justification to the IACUC.  Copies of this report are available at the Office of 

Research Compliance.   

Species  Agent  Dose  Route  

Rat      Guillotine*  

Rat  CO2    Inhalation  

*Rats whose brain tissue is needed for neurochemical assays will be sacrificed by 

decapitation. It has been shown in rodent brain neurochemical studies that using chemicals 

to euthanize rats alters brain chemistry compared to decapitation without chemicals (Nakai 

et al, 2005). If brain tissue from rats is not needed for further analysis, then the rats will be 

euthanized with carbon dioxide in the CO2 chamber.   

  

Is cervical dislocation being used for the method of euthanasia? NO    If yes, give 

justification.  

  

8. Body fluid collection:  Identify the withdrawal of blood or any other body fluids.  
     

 Species  Fluid  Amount  Frequency  Site/Method  

Rat  Blood ≤0.2 mL Day 1 (P32) 

Day 13 

(P45) 

Day 28 

(P60) 

Tail vein 

Rat  Blood Volume 

may vary 

1x at time of 

sacrifice 

Trunk blood 

after 

decapitation 

  

9. Substance administration:    

  

a. Identify all materials potentially infectious for humans to be administered to 

animals.  For each kind of material, state  

(i) the species to be treated, (ii) the treatment regimen, (iii) the hazards 

associated with introducing the material into animals, (iv) special arrangements 

recommended for housing the animals, and (v) special precautions that should be 

taken by animal caretakers.  Use in this protocol of materials potentially 

infectious for humans requires approval by the Institutional Biosafety 

Committee.  A copy of its approval statement must be submitted herewith.  
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N/A  

  

b. Identify all materials potentially infectious for animals to be administered to 

animals.  For each kind of material, state  

(i) the species to be treated, (ii) the treatment regimen, (iii) the hazards 

associated with introducing the material into animals, (iv) special arrangements 

recommended for housing the animals, and (v) special precautions that should be 

taken by animal caretakers.  Use in this protocol of materials potentially 

infectious for animals requires approval by the Institutional Biosafety 

Committee.  A copy of its approval statement must be submitted herewith.  

N/A  

  

c. Identify, other than those specified above for anesthesia, analgesia, or euthanasia 

(questions 5 and 6), all hazardous chemicals, including mutagens, carcinogens, 

and toxins, to be administered to animals.  For each agent, state (i) the species to 

be treated, (ii) the treatment regimen, (iii) the hazards associated with introducing 

the agent into animals, (iv) special arrangements recommended for housing the 

animals, and (v) special precautions that should be taken by animal caretakers.  Use 

in this protocol of the specified hazardous chemicals requires approval by the 

Institutional Hazardous Chemicals Committee.  A copy of its approval 

statement must be submitted herewith  

N/A  

  

d. Identify all radioisotopes to be administered to animals.  For each isotope, state (i) 

the species to be treated, (ii) the treatment regimen, (iii) the hazards associated with 

introducing the isotope into animals, (iv) special arrangements recommended for 

housing the animals, and (v) special precautions that should be taken by animal 

caretakers.  Use in this protocol of radioactive materials requires approval by 

the Institutional Radiation Safety Committee.  A copy of its approval 

statement must be submitted herewith.  

N/A  

  

e. Identify, other than those specified above for anesthesia, analgesia, or euthanasia 

(questions 5 and 6), all other agents, including drugs, vehicles, gases, immunogens, 

and antibodies, to be administered to animals.  For each agent, state (i) the species 

to be treated, (ii) the treatment regimen, (iii) the hazards associated with introducing 

the agent into animals, (iv) special arrangements recommended for housing the 

animals, and (v) special precautions that should be taken by animal caretakers.  The 

use of Freund's complete adjuvant requires adherence to the Mercer University 

Guidelines on Immunological Procedures Using Adjuvants.  

  

Vehicle: saline  

i. Rats   

ii. Daily s.c. injections for up to 14 days  

iii. No known hazard  
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iv. Animals should be housed 1, 2, or 4 per cage  

v. No special precautions necessary  

 

 

Vehicle: corn oil  

i. Rats   

ii. ii. Daily s.c. injections for up to 14 days  

iii. No known hazard  

iv. Animals should be housed 1, 2, or 4 per cage  

v. No special precautions necessary  

  

Estrogenic Agents, for example: 17β estradiol, diarylpropionitrile 

(DPN), ICI 182,780  

i. Rats   

ii. Daily s.c. injections for up to 14 days  

iii. No known hazard  

iv. Animals should be housed 1, 2, or 4 per cage  

v. No special precautions necessary  

  

Nicotinic Agents, for example: nicotine, cytisine, mecamylamine, PNU-282897, 

methyllycaconitine (MLA), MFCD08282461  

i. Rats   

ii. Daily s.c.injections for up to 14 days  

iii. No known hazard  

iv. Animals should be housed 1, 2, or 4 per cage. 

v. No special precautions necessary  

  

Antidepressants, for example: fluoxetine, nortryptiline, duloxetine  

i. Rats   

ii. Daily s.c. injections for up to 14 days  

iii. No known hazard  

iv. Animals should be housed 1, 2 or 4 per cage 

v. No special precautions necessary  

 

10. Animal husbandry:  

 

a. What is the proposed source of these animals?  

    ( X )Vendor     Name:  Charles River Laboratories      Location: 

Massachusetts, USA  

 (  ) Another researcher  Name:   

 (  ) In-house breeding   Location:   

  

b. Where is the proposed site for housing these animals?  

   T&RC Vivarium  
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c. For each year of the protocol, identify the species to be used, and estimate their 

length of stay within the animal facility.  Complete the information for each year 

of the protocol.  

  

  

Species  

  

Yr 1, 2, or 3 

of Protocol  

  

Age at  

Acquisition  

  

Length of 

Stay  

Number  

Housed per 

day  

  

Number 

Housed per 

year  

Rat  1  25-28 days   5-6 weeks  40-50  320  

Rat  2  25-28 days   5-6 weeks  40-50  220  

Rat  3  25-28 days   5-6 weeks  40-50  100  

  

11. Training:  All individuals involved in an animal activity protocol must ensure to the 

IACUC that they are qualified and trained appropriately.  

  

a. Professionals involved on this project:  
       

Name of Professional (PI, 

Co-PI)  

Most Recent Training Activity  Date Completed  

Renee Hayslett, Ph.D (PI)  

  

Animal User and Caretaker Training– 

University Disaster/Emergency Plan   

October 2013  

  

 

b. All technical individuals and students under your supervision who will be 

involved in this project.  As Principal Investigator, it is your responsibility to ensure 

that the individuals are qualified and trained to handle animals.  
       

Name of Technician / 

Student  

Most Recent Training Activity  Date Completed  

Meghan Hibicke  

  

Animal User and Caretaker 

TrainingUniversity Disaster/Emergency 

Plan  

October 2013  

Martha Graham  Animal User and Caretaker 

TrainingUniversity Disaster/Emergency 

Plan  

October 2013  

  

12. Do you or any member of your research team (including spouse and dependent 

children, individually or in aggregate) have any of the following financial relationships 

with the study sponsor or a direct competitor of this sponsor?   NO    

  

Check YES or NO if any of the following apply:  
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a. Payments of $5,000 or more including salary, consulting fees, royalty or licensing 

payments from intellectual property, honoraria and/or gifts received within the past 

12 months or anticipated for the next 12 months (excluding salary and other 

payments for services from the University)     NO    

b. Equity interest worth $5,000 or more or equity interest greater than 1% of the 

business entity as determined by reference to its publicly listed price (excluding 

mutual funds)    NO  

  

c. Any equity interest if the value cannot be determined by reference to publicly listed 

prices (e.g., start-up companies)  

 NO  

d. Patent rights or royalties from such rights whose value may be affected by the 

outcome of the research, including royalties under any royalty-sharing agreements 

involving the University    NO     

  

e. Any other financial interest whose value may be affected by the outcome of the 

Research        NO  

  

 If you answered “yes” to any of the above questions, please explain:        

  

13. Signatures  

  

a. You must acquire the signature of the Attending Veterinarian to indicate that 

he/she has reviewed and approved the animal usage, the design of the study, the 

surgical methodology, and the euthanasia described in this animal activity protocol.  

  

Attending Veterinarian:                      Date:  03/04/2014  

(Signature)  

  

b. As Principal Investigator, you must sign the following statement:  “I will conduct 

this animal activity protocol in accordance with  the NIH/NRC Guide for the Care 

and Use of Laboratory Animals, the PHS Policy on Humane Care and Use of 

Laboratory Animals, the Animal Welfare Act, and all applicable University 

policies.  I acknowledge full responsibility for this project, and I assure that 

students, staff, and other professionals involved in this project are qualified, or will 

be trained before the project is initiated, to conduct this animal activity protocol 

according to these guidelines.  I further assure that any application for funding of 

any project or program within which this animal activity protocol is a component 

shall faithfully reflect the description of the use of animals given herein.”  

  

This project will require additional:  Space   Equipment   Professional and/or staff 

time   Resources  
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Principal Investigator: __ ___                            Date:  

__3/4/2014_____________      

(Signature)  

  

The project is consistent with departmental objectives; adequate space, equipment, 

professional and staff time, and other resources as stated in this application will be 

made available if the research is approved  

  

  

Dean or Dean's 

Designee____________________________________________________ 

Date:_____________________                               (Signature)  

  

If significant changes have been made to this protocol since the grant or contract was 

reviewed, the Dean/Dean’s Designee signature is required.  
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APPENDIX D 

ACADEMIC PRODUCTIVITY 

Awards and Honors 

Underrepresented Graduate Student Travel Award 

Awarded by the American Society for Pharmacology and Experimental 

Therapeutics for Experimental Biology 2016  

 

 

The Honor Society of Phi Kappa Phi 

Inducted into the Mercer University Chapter in 2013 
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