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ABSTRACT 

 

Posttraumatic stress disorder (PTSD) is a chronic disabling condition that results 

from exposure to traumatic stress. However, although trauma is fairly common, PTSD 

will only occur in a small proportion of people. This suggests that resilience is a common 

response to trauma.   The neurobiology underlying this adaptive response is thought to 

involve reward related areas as well as reward functions. This dissertation proposes that 

reward and reward-related areas have a role in anxiety disorders such as PTSD. This 

hypothesis was explored using an animal model of PTSD as well as a human mode of 

psychosical stress. 

The hypothesis that the ventral tegmental area (VTA), crucial for reward 

processing, is part of the neural circuitry involved in the symptomatology of PTSD was 

explored. To assess the role of VTA in PTSD, cells in this area were reversibly 

inactivated during a single exposure to inescapable foot-shock in a rodent model. 

Animals that underwent inactivation of VTA neurons decreased avoidance and lowered 

long-term anxiety-like bheaviors in comparison with control groups. To assess short- and 

long-term electrophysiological effects of trauma on VTA cells, in vivo extracellular 

recordings were conducted. Results showed that the firing frequency of VTA cells 

changed both in the short- and long-term, following shock procedures.  

A human model of psychosical stress was used to test the hypothesis that the 

ability to respond appropriately to positive stimuli is important for the preservation of 

positive emotions following stressful events. The results show a positive correlation 
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between trait resilience and trait reward sensitivity. To investigate the link between 

resilience and reward sensitivity further, the empirical portion of this study used a 

Monetary Incentive Delay Task (MID) to measure reward sensitivity before and after 

exposure to a psychosocial stressor. Moreover, behavioral reward sensitivity (as 

measured by MID and self-report satisfaction after the reward task) also correlated 

positively with trait and behaviorally measured resilience.  

The results shown in this dissertation suggest that the neural circuits involved in 

reward processing and reward function may be involved in resilient responses to stress.  
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PREFACE 

 

Our brains, and the rest of our bodies, evolved to respond to stress by increasing 

heart rate, respiration rate as well as muscle tone. These physiological responses to 

probable threat allow for escape responses or adequate adaptation to our ever changing 

environments. In modern days, however, stress has become a part of our everyday life, 

affecting humans’ physical and mental health. We are beginning to discover that 

everyday stress affects the normal functioning of brain circuits and that stress produces 

long-term and sometimes pathological changes in physical and mental health that can be 

difficult to reverse.   

This dissertation investigates the role of reward and reward-related brain areas in 

the emergence and maintenance of trauma and stress-related psychological disorders. In 

addition, this dissertation examines how stress and/ or trauma may affect the organization 

of reward and brain areas underlying reward. These topics were explored using 

behavioral, pharmacological and electrophysiological measures within the confines of a 

rodent model of PTSD, and subjective and psychophysical measures of the human stress 

response within an experimental paradigm. The first two chapters introduce PTSD and its 

neurobiological underpinnings; the following two chapters describe the main results and 

final conclusions, the fifth chapter describes future directions.   

Chapter 1 briefly introduces normal stress responding and then moves on to 

describe abnormal responses to stress, including anxiety disorders such as post-traumatic 

stress disorder. This chapter and, in general this dissertation, focuses on PTSD’s etiology, 

epidemiology and co-morbidity with other disorders as well as current treatments. 
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Finally, this chapter includes a brief description of the risk and protective factors of 

PTSD and introduces a brief overview of animal and human models of stress. 

   

Chapter 2 describes three key brain areas, the amygdala, the hippocampus and the 

medial prefrontal cortex, known to be involved in PTSD. The hypothesis that the ventral 

tegmental area (VTA) is part of this neural substrate and evidence supporting this 

hypothesis is presented. 

  

Chapter 3 examines the criteria for a valid animal model and describes how our 

animal model meets the majority of these criteria. Chapter 4 provides pharmacological 

and electrophysiological data supporting the proposed role of the VTA in this animal 

model.  

 

Chapter 5 examines the role of reward and stress, now in the context of human 

experiments, to determine how the relations among behavioral/affective measures of 

reward sensitivity to predict cognitive, affective and physiological responses to 

psychosocial stress. More specifically, the experiment described in this chapter examines 

the prediction that higher reward sensitivity scores predict lower psychosocial-stress 

response scores following exposure.  Finally, Chapter 6 presents the final conclusions and 

discusses further studies.  
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CHAPTER 1 

1 POST TRAUMATIC STRESS DISORDER AND OTHER ANXIETY 

DISORDERS 

1.1 Importance of the study of PTSD 

 Over the past nine years, around two million U.S. military personnel have been 

deployed in support of Operation Iraqi Freedom in Iraq and Operation Enduring Freedom 

in and around Afghanistan. In a 2004 survey, 3,671 members of U.S. combat infantry 

units were interviewed 1 week prior to and 3–4 months post deployment. The researchers 

found that 11.5% and 18% of soldiers returning from Iraq and Afghanistan as well as 

19.9 % of Marines returning from Afghanistan screened positive for PTSD (Hoge et al., 

2004).  If these estimates prove to be reliable predictors, the medical costs implicated in 

the Veterans Health Administration’s treatment of Iraq and Afghanistan deployed 

veterans could total between $40 billion and $55 billion over the 10-year period from 
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2011 through 2020 (Golding, 2011). One in every five soldiers returning from 

Afghanistan exhibits PTSD symptomatology (Hoge et al., 2004).    

Exposure to trauma is not limited to combat experiences. About 60.7% of 

American men and 51.2% of women experience at least one traumatic event during their 

lifespan (Kessler et al., 1995). Many of these traumas are common and can occur outside 

of combat experiences. These trauma types may include natural disasters, sexual assault, 

physical assault, life-threatening accidents as well as terrorist attacks (Kessler et al., 

1995). Men seem to encounter more traumatic experiences. The National Co-morbidity 

Survey reveals that the most common types of trauma that American men experience are 

witnessing a crime (35.6%), being part of an accident (25.8%), and being threatened with 

a weapon (19%). On the other hand, women encounter more natural disasters with fire 

(15.2%) but also are prone to witnessing a crime (14.5%), and being part of an accident 

(13.8%). The prevalence of trauma experiences in this survey is shown in Table 1.1.  

 

Table 1. 1 Lifetime Prevalence of Trauma Experience 
 Lifetime Prevalence of Trauma 
 Men (n=2812)* Women (n=3065)* 
Trauma % (SE) No. % (SE) No. 
Rape 0.7** (0.2) 19 9.2 (0.8) 281 

Molestation 2.8** (0.5) 78 12.3 (1.0) 376 

Physical attack 11.1** (1.0) 313 6.9 (0.9) 210 

Combat 6.4** (0.9) 179 0.0 -- 0 

Shock 11.4 (1.1) 320 12.4 (1.1) 381 

Threat with weapon 19.0** (1.3) 535 6.8 (0.6) 208 

Accident 25.0** (1.2) 703 13.8 (1.1) 422 

Natural disaster with fire 18.9** (1.4) 532 15.2 (1.2) 467 
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Witness 35.6** (2.0) 1002 14.5 (0.7) 445 

Neglect 2.1** (0.4) 58 3.4 (0.5) 105 

Physical abuse 3.2** (0.4) 91 4.8 (0.6) 146 

Other qualifying trauma 2.2 (0.5) 61 2.7 (0.4) 83 

Any trauma 60.7** (1.9) 1707 51.2 (1.9) 1570 

No. of traumas       

1 26.5 (1.5) 745 26.3 (1.7) 806 

2 14.5 (0.9) 407 13.5 (0.9) 415 

3 9.5** (0.9) 268 5.0 (0.6) 154 

4 10.2** (0.2) 287 6.4 (0.6) 195 

*Sample distributions reflect the weighted number of respondents rounded to the nearest whole number. 
**Sex difference significant at the .05 level, two-tailed test. 

 
Table modified from National Comorbidity Survey, Kessler et al (1995). 

 

It has become increasingly apparent that, in addition to emotional and behavioral 

symptoms, PTSD is associated with significant abnormalities in neurobiological systems. 

In this chapter, the emotional and behavioral symptoms of stress as well as traumatic 

stress will be described. The remainder of this chapter focuses on the prevalence, co-

morbidity with other disorders, as well as risk and protective factors of PTSD. 

 

1.2 Normal Stress Response 

All animals, including humans, necessarily evolved to respond adaptively to 

threatening or stressful stimuli. The physio-behavioral response to these types of stimuli 

has been termed the stress response. The stress response is initiated by stress hormones, 

such as cortisol (corticosterone in animals), that in turn activate the sympathetic 
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autonomic system functions (e.g. increased heart rate, respiratory rate, muscle tone) that 

support adaptative responses (e.g. escape or fight if needed) (McEwen, 2007). 

Normally, stress hormones help mobilize and replenish energy stores, inhibit 

growth and reproductive systems, contain the immune response and affect behavior 

through actions on multiple neurotransmitter systems and brain regions (McEwen, 2007). 

During acute stress, this hormone cascade mediates a normal stress response that 

increases the chance of survival (See Chapter 2 for a more detailed description of how 

this hormone mediates normal and abnormal stress response). When stress becomes 

chronic or when the organism is exposed to extreme stress or trauma these responses, 

both behavioral and neurobiological, become maladaptative. For example, patients 

suffering from an anxiety disorder (and some mood disorders) have dysfunctional stress 

hormone responses as well as abnormal brain activation (see Yehuda et al., 2004, for a 

review). 

 

1.3 Abnormal Responses to Stress and Anxiety Disorders 

Effective stress responses support successful survival. These responses are 

activated rapidly when required and efficiently terminated afterwards (Folkman and 

Moskowitz, 2000). Excessive or prolonged exposure to stressors, however, may produce 

an inadequate stress response or give rise to mental illnesses, such as an anxiety or mood 

disorder.  
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The primary feature of anxiety disorders is an abnormal or inappropriate sense of 

apprehension and fear, typically marked by physiological signs (e.g. increased heart rate, 

sweating and muscular tension). These symptoms become a problem when they occur 

without any recognizable stimulus, or when the stimulus does not warrant such a reaction 

(Beck et al., 1985). Anxiety disorders include panic disorder, obsessive-compulsive 

disorder, generalized anxiety disorder, phobias, and post traumatic stress disorder (PTSD) 

(Beck et al., 1985). 

Phobias are the most common type of anxiety disorder; these include social and 

specific phobias. Specific phobias are an exacerbated irrational fear of something that 

poses little or no actual danger (Beck et al., 1985). The most common specific phobias 

focus on irrational fears toward closed-in places, heights, escalators, tunnels, highway 

driving, water, flying, dogs, and injuries involving blood. Social phobia, also known as 

social anxiety disorder, manifests as overwhelming anxiety and excessive self-

consciousness in everyday social situations (Beck et al., 1985). Generalized anxiety 

disorder manifests as chronic anxiety, exaggerated worry and tension, even when there is 

little or nothing to provoke it (Beck et al., 1985). Obsessive-compulsive disorder 

manifests as recurrent, unwanted thoughts (obsessions) that may co-occur with repetitive 

behaviors (compulsions) (Beck et al., 1985). Panic disorder manifests as unexpected and 

repeated episodes of intense fear, accompanied by chest pain, heart palpitations, and 

shortness of breath, dizziness, or abdominal distress (Beck et al., 1985). 
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PTSD, as the focus of this dissertation, deserves special attention.  PTSD is an 

anxiety disorder that arises after a person has been exposed to trauma, such as threat or 

actual injury (American Psychiatric Association [Diagnostic and Statistical Manual 

DSM-IV-TR], 2000).  A full description of the symptomatolgy, prevalence, co-morbidity, 

and course will be presented later in this chapter. Before doing so, consider the 

epidemiological data describing the prevalence of Anxiety Disorders. 

Anxiety disorders are the most prevalent class of psychiatric disorders in the U.S. 

Based on data obtained from the National Co-morbidity Survey, Kessler et al. (2005) it 

was estimated that 18.1% of American adults aged 18 and older suffer from one or more 

of these disorders annually. Specific phobias and social phobias are the two most 

common. PTSD is the third most common type of anxiety disorder (see Table 1.2 for 

prevalence and severity rates of anxiety disorders in 2005 NCS). About 7% of the US 

population will develop PTSD at some point in their life (Kessler et al., 2005). 
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Table 1.2 Twelve month prevalence and severity of DSM-IV/ WMH-CIDI anxiety disorders 

 
 
 

                                        Severity 
 
Total 
% (se) 

Serious 
% (se) 

Moderate 
% (se) 

Mild 
% (se) 

 
Panic Disorder 
 
Specific phobia 
 
Social phobia 
 
Generalized anxiety disorder 
 
Post traumatic stress disorder 
 
Obsessive-compulsive disorder 

 
2.7 (0.2) 
 
3.7 (0.4) 
 
6.8 (0.3) 
 
3.1 (0.2) 
 
3.5 (0.3) 
 
1 (0.3) 

 
44.8 (3.2) 
 
21.9 (2.0) 
 
29.9(2.0) 
 
32.3 (2.9)  
 
36.6 (3.5) 
 
50.3 (12.4) 

 
29.5 (2.7) 
 
30.0 (2.0) 
 
38.8 (2.5) 
 
44.6 (4.0) 
 
33.1 (2.2) 
 
34.8 (14.1) 

 
25.7 (2.5) 
 
48.1 (2.1) 
 
31.3 (2.4) 
 
23.1 (2.9) 
 
30.2 (3.4) 
 
14.6 (5.7) 

 
Any anxiety disorder 
 

 
18.1 (0.7)  

 
22.8 (1.5) 

 
33.7 (1.4) 

 
43.5 (2.1) 

Table modified from National Comorbidity Survey, Kessler et al (2005) 

1.4 Post-Traumatic Stress Disorder 

1.4.1.1 Diagnostic criteria 

PTSD is an anxiety disorder that may occur after a person has experienced a 

traumatic event. Three distinct, yet co-occurring, symptom clusters characterize PTSD: 

re-experiencing, avoidance and hyperarousal (Yehuda and LeDoux, 2007). Re-

experiencing involves recurrent and intrusive recollections of the event, including 

images, thoughts, perceptions as well as nightmares about the traumatic event. Avoidance 

describes all distancing thought and behaviors. They include distancing oneself from 

reminders of the event (people, things and places); emotional blunting and anhedonia 

often accompany distancing. Finally, Hyperarousal reflects overt physiological 

manifestations. PTSD patients usually experience, even in the absence of a stressor, 

hypervigilance, increased startle responses and irritability (Yehuda and LeDoux, 2007).  



 
29 

 
Insomnia, impaired concentration, flashbacks and nightmares that include content from 

the traumatic event often accompany these increased physiological responses (American 

Psychiatric Association [DSM-IV-TR], 2000). These symptoms must persist for more than 

1 month following trauma exposure for it to be considered PTSD and must cause 

disruption of the person’s normal social and work life (see Table 1.3 for full diagnostic 

criteria).   

 

Table 1.3 DSM-IV-TR Diagnostic Criteria for PTSD 

A) The person has been exposed to a traumatic event in which both of the following were present: 

1) The person experienced, witnessed or was confronted with an event or events that involved or threatened 

death or serious injury, or threat to the physical integrity of self or others.  

2) The person’s response involved intense fear, helplessness or horror. Note: In young children, this may be 

expressed instead by disorganized or agitated behavior.  

B) The traumatic event is persistently re-experienced in one  (or more) of the following ways: 

1) Recurring and distressing recollections of the event, including images, thoughts, or perceptions. Note: in 

young children, this may be expressed instead by disorganized or agitated behavior. 

2) Recurring distressing dreams of the event. Note: in children, there may be frightening dreams without 

recognizable content. 

3) Acting or feeling as if the traumatic event were recurring (includes a sense of reliving the experiences, 

illusions, hallucinations, and dissociative flashback episodes, including those that occur on awakening or 

when intoxicated). Note: In young children, trauma specific reenactment may occur. 

4) Intense psychological distress at exposure to internal or external cues that symbolize or resemble an aspect 

of the traumatic event. 

5) Physiological reactivity on exposure to internal or external cues that symbolize or resemble an aspect of the 

traumatic event. 

C) Persistent avoidance of stimuli associated with the trauma and numbing of general responsiveness (not present 
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before the trauma), as indicated by three (or more) of the following: 

1) Efforts to avoid thoughts, feelings, or conversations associated with the trauma 

2) Efforts to avoid activates, places, people that arouse recollections of the trauma 

3) Inability to recall an important aspect of the event 

4) Markedly diminished interest or participation in significant activities 

5) Feelings of detachment or estrangement from others 

6) Restricted range of affect (e.g., unable to have loving feelings) 

7) Sense of foreshortened future (e.g., does not expect to have a career, marriage, children, or a normal 

lifespan 

D) Persistent symptoms of increased arousal (not present before the trauma), as indicated by two or more of the 

following: 

1) Difficulty falling or staying asleep 

2) Irritability or outburst of anger 

3) Difficulty concentrating 

4) Hypervigilance 

5) Exaggerated startle response  

E) Duration of the disturbance (symptoms in Criteria B, C, and D) is more than 1 month. 

F) The disturbance causes clinically significant distress or impairment in social, occupational, or other important 

aspects of functioning. 

Specify if: 

Acute: if duration is less than 3 months. 

Chronic: if duration of symptoms is 3 months or more.  

Specify if: 

With Delay onset: if onset of symptoms is at least 6 months after stressor.  

Adapted from American Psychiatric Association (2000) 

These symptoms manifest in most people exposed to trauma within days or weeks 

following trauma (Yehuda and LeDoux, 2007). Remission usually occurs, with the most 

marked decline in symptoms occurring around 3 months after the traumatic event 
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(Kessler et al., 1995). A fraction of this population, however, experiences persistent signs 

and symptoms and, when this happens, patients receive a diagnosis of chronic PTSD. 

Moreover, prolonged and repeated trauma can lead to complex PTSD. This dissertation 

will focus on chronic symptoms resulting from sinlge exposure to trauma.  

PTSD symptoms usually co-occur with psychiatric disorders, including mood and 

anxiety disorders, substance abuse, and the development of stress related medical 

conditions such as hypertension, asthma, and chronic pain syndromes (Yehuda and 

LeDoux, 2007). 

 

1.4.1.2 Prevalence 

Using the criteria outlined in the Diagnostic and Statistical Manual -III-R (DSM-

III-R), the National Comorbidity Survey estimated lifetime prevalence of PTSD in 

American adults 18 and older to be 7.8% (Kessler et al., 1995). Lifetime prevalence, 

using Diagnostic and Statistical Manual IV (DSM-IV) criteria, resulted in higher 

estimated rates of PTSD (Breslau et al., 1998).  

The prevalence of PTSD is higher in populations such as combat veterans, inner-

city children, citizens and refugees of post conflict countries, and victims of terrorist 

attacks, crime, or disasters. Of the deployed US troops returning from Afghanistan and 

Iraq, 6.2% and 12.2-12.9% met diagnostic criteria for PTSD respectively (Hoge et al., 

2004). Similarly, Silva et al. (2000)  found that 59% of inner-city children and 

adolescents referred to a psychiatric clinic had experienced a traumatic event. Of those, 

22% met DSM-IV diagnostic criteria for PTSD.  High prevalence rates of PTSD have 
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also been found in people exposed to terrorist attacks. Galea et al. (2002) showed that 

about 7.5% of Manhattan residents suffered from PTSD symptoms. These rates increased 

to 20% in respondents living in close vicinity to the World Trade Center.  

 

1.4.1.3 Co-morbidity with other Psychiatric Disorders 

Another important consideration in understanding PTSD is the high rate of co-

morbidity with other psychiatric disorders. Lifetime co-morbidity rates range from 62% 

to 92% (Perkonigg et al., 2000). The National Comorbidity Survey (1995) reported that 

88% of men and 79% of women with chronic PTSD met criteria for at least one other 

psychiatric diagnosis. These high co-morbidity rates persist even when controlling for 

trauma exposure. Kulka et al. (1990) reported that 98.8% of Vietnam veterans with PTSD 

had a history of some other psychiatric disorder, as compared to 40.6% of those without 

PTSD.   Moreover, Breslau et al. (1991) found that, compared to 44% of their sample 

without PTSD, 83% of those with PTSD met criteria for at least one other psychiatric 

disorder.  The most commonly reported co-morbid psychiatric disorders with PTSD were 

mood disorders, other anxiety disorders, and alcohol and substance-use disorders (Brady 

et al., 2000). 

1.4.1.4 Mood Disorders  

PTSD, major depressive disorder, and dysthymia are the psychiatric disorders 

most likely to co-occur (Kessler et al., 1995; Brown et al., 2001; Shalev, 2001). Brown et 

al. (2001) found that a major depressive disorder and PTSD co-occur in 77% of the PTSD 
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cases interviewed. Brown and colleagues also reported that dysthymia and PTSD co-

occur in 33% in the same sample.  Others document concurrent diagnoses of depression 

and PTSD ranging from 30% to 50% in PTSD patients (Shalev, 2001). Kessler et al. 

(1995) pointed out that 48% of men and 49% of women diagnosed with PTSD also 

suffered from major depressive disorder in the 1995 National Co-morbidity Survey. 

Although the rate of comorbidity of mood disorders and PTSD has been shown to be 

variable it has been demonstrated that these psychiatric disorders often co-occur.  

The relations among PTSD and mood disorders, such as depression, are complex 

due to their many overlapping symptoms. This substantial overlap makes differential 

diagnoses difficult. Important but overlapping indicators of mood disorders and PTSD 

include sleep disturbances, decreased concentration, avoidance and withdrawal, lack of 

interest and pleasure in activities, and a sense of isolation and distance from others 

(Brady et al., 2000). The critical difference between these two disorders is that PTSD 

only arises after exposure to trauma.  Due to the great overlap in symptomotology, 

several authors suggest that PTSD and many mood disorders are independent sequelae of 

trauma (Brady et al., 2000). 

1.4.1.5 Anxiety Disorders 

PTSD patients frequently experience other anxiety disorders. Breslau et al. (1997) 

found a 55% prevalence of accompanying anxiety disorders in a sample of 801 women 

with PTSD.  In this study, it was shown that simple (36.0%) and social phobia (26.1%) 

were the most common disorders to co-occur with PTSD. Along the same lines Orsillo et 

al. (1996)  found a 46% prevalence of other anxiety disorders in male combat veterans. 
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Addtionally, Falsetti and Resnick (1997) found that 69% patients with trauma histories 

reported having experienced panic attacks.  

As with mood disorders, symptoms of PTSD and other anxiety disorders overlap 

considerably (Brady et al., 2000). Specifically, physiological symptoms of increased 

autonomic arousal, intense psychological distress, derealization or depersonalization, and 

fear of losing control are all characteristics of PTSD and panic disorder. Similarly, 

specific phobias and PTSD share common avoidance symptoms and hyperarousal 

symptoms.  

1.4.1.6  Substance Abuse 

Substance abuse commonly accompanies PTSD (Stewart, 1996; Najavits et al., 

1997; McFarlane, 1998).  In the National Comorbidity Survey Kessler et al. (1995), 

reported a 51.9% lifetime prevalence of alcohol abuse and alcohol dependence and a  

34.5% lifetime prevalence of drug abuse and drug dependence among men with histories 

of PTSD . Similarly in women with histories of PTSD, a 27.9% lifetime prevalence of 

alcohol abuse and alcohol dependence and a 26.9% lifetime prevalence of drug abuse and 

drug dependence were found.  

The high rates of substance abuse and PTSD co-morbidity may be related to 

practices of self-medication. McFarlane (1998) for example, argued that people may use 

alcohol or other drugs as a way of coping with or alleviating some of their symptoms. 

Conversely, others argue that drug addiction is a risk factor for developing PTSD. In a 

PTSD sample, Perkonigg et al. (2000) reported that drug addiction is a significant 
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predictor for experiencing traumatic events (See Table 1.4). These findings, however, do 

not demonstrate that pre-existing drug addiction is a risk factor for the development of 

PTSD.  

 

Table 1.4 Association between traumatic events PTSD and other mental disorders. 
 Traumatic events PTSD 
 Primary Secondary Primary Secondary 
DSM-IV disorders N % (SE) n % (SE) N % (SE) N % (SE) 

Any substance 
abuse/dependence 

92 41.1 (4.0) 104 46.4 (4.0) 10 29.4 (10.5) 21 61.8 (10.9) 

Alcohol 
abuse/dependence 

52 39.7 (5.1) 59 45.0 (5.1) 6 31.4 (15.6) 10 55.5 (16.1) 

Drug 
abuse/dependence 

14 31.8 (8.5) 29 65.9 (8.5) 2 25.0 (24.9) 6 75.0 (27.2) 

Nicotine 
dependence 

43 27.7 (4.6) 93 60.0 (4.8) 7 21.2 (9.4) 24 72.7 (10.3) 

             
Any anxiety 
disorder 

33 42.9 (6.6) 39 50.6 (6.7) 13 54.2 (13.8) 8 33.3 (13.0) 

Agoraphobia 
(syndrome) 

31 44.3 (6.7) 31 44.3 (6.9) 7 31.8 (12.1) 11 50.0 (14.2) 

Panic attacks 
(syndrome) 

14 29.8 (7.2) 26 55.3 (8.5) 5 26.3 (11.3) 4 21.1 (11.0) 

Agoraphobia 
without panic 
disorder 

6 30.0 (11.6) 12 60.0 (13.1) 2 25.0 (20.9) 5 62.5 (22.5) 

Panic disorder with 
agoraphobia 

4 30.8 (14.7) 9 69.2 (14.7) 0 0.0 (…) 1 20.0 (16.6) 

Panic disorder 
without 
agoraphobia 

1 14.3 (13.9) 3 42.9 (39.9) 0 0.0 (…) 1 25.0 (25.4) 

Any social phobia 23 62.2 (9.4) 14 37.8 (9.4) 9 75.0 (15.1) 3 25.0 (15.1) 

Any simple phobia 15 71.4 (12.6) 6 28.6 (12.6) 6 85.7 (14.3) 1 14.3 (14.3) 

GAD 4 57.1 (22.8) 3 42.9 (22.8) 1 33.3 (32.5) 2 66.7 (32.5) 
OCD 6 60.0 (16.7) 2 20 (14.2) 0 0.0 (…) 0 0.0 (…) 
             
Any mood disorder 56 38.4 (4.8) 80 54.8 (4.9) 12 31.6 (8.8) 20 52.6 (10.4) 

Any bipolar 
disorder 

9 49.2 (13.3) 8 41.8 (12.6) 1 20.0 (20.0) 2 40.0 (23.8) 

Any single or 
recurrent depressive 
disorder 

28 30.1 (5.6) 58 62.4 (6.0) 7 30.4 (11.3) 13 56.5 (12.9) 

Dysthymic disorder 20 52.6 (9.6) 17 44.7 (9.5) 5 41.7 (16.4) 6 50.0 (16.7) 

             
Any somatoform 
disorder 

21 63.6 (9.4) 12 36.4 (9.4) 8 66.7 (15.8) 4 33.3 (15.8) 

Any eating disorder 11 39.3 (11.2) 14 50.0 (11.2) 4 80.0 (19.9) 1 20.0 (19.9) 

Table modified from Perkonigg et al 2000. 
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1.4.1.7 Co-morbidity with Health Disorders 

The most common health complaints among PTSD patients are cardiovascular, 

digestive, respiratory, musculoskeletal, and chronic pain disorders (Hidalgo and 

Davidson, 2000; Schnurr et al., 2000). Most early studies examining this phenomenon 

focused on veteran populations. Boscarino (1997), for example, reviewed medical 

histories of 1399 male Vietnam veterans, and found that PTSD patients had greater rates 

of circulatory, digestive, musculoskeletal, nervous system, respiratory, and non-sexually 

transmitted infectious diseases, even after controlling for selection bias, socioeconomic 

characteristics, behavioral risk factors, and hypochondriasis than non-PTSD veterans. 

Baker et al. (1997) , who examined a group of Gulf War veterans, reported that those 

with PTSD had a greater prevalence of physical symptoms, such as nausea, muscle aches, 

dizziness, back pain, stomach ache, and numbness than those without PTSD symptoms.  

 More recently, Weisberg et al. (2002) found that, after controlling for trauma 

exposure, primary care PTSD patients had higher self-report medical complaints than 

trauma exposed patients without PTSD. The study found participants with PTSD were 

twice as likely to report anemia, lung disease or ulcers and three times or more likely to 

report kidney disease or arthritis than non-PTSD patients. PTSD patients also showed 

increased rates of asthma (34% in PTSD patients and 24% in non-PTSD patients) and 

back pain (62% in PTSD patients and 56% in non-PTSD patients). 
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1.4.1.8 Respiratory conditions 

Asthma is one of the most common co-morbid respiratory conditions associated 

with anxiety disorders (Roy-Byrne et al., 2008). Asthma is a chronic lung condition 

characterized by episodic inflammation and small airway constriction that can occur in 

response to environmental factors and other triggers. In a study with twins, those who 

experienced the most PTSD symptoms were 2.3 times more likely to have asthma when 

compared with those who suffered from the fewest PTSD symptoms (Goodwin et al., 

2007). A study of adolescents with life threatening and non-life threatening asthma and 

their parents, found that both parents and children were more likely to exhibit PTSD 

symptoms (Kean et al., 2006). There are other lung and respiratory diseases that co-occur 

with PTSD. Weisberg et al. (2002) showed that PTSD patients were significantly more 

likely to report lung disease complaints, after controlling for trauma exposure. 

1.4.1.9 Chronic Pain Conditions  

Chronic pain frequently occurs in individuals with PTSD symptoms.  Recent 

research has shown that 20% to 30% of PTSD outpatients report persistent pain 

(Asmundson, 2002; Asmundson et al., 2002). Moreover, in a large scale study of 

community PTSD outpatients, PTSD symptoms were highly associated (odds ratio 2.1) 

with an increasing number of pain reports and increased risk for somatic symptoms, even 

after controlling for co-morbid disorders (Andreski et al., 1998). 

White et al. (1989) found that about 20% of veterans with PTSD developed 

chronic pain. In another study, Beckham et al. (1997) observed that 80% of military 

outpatients met criteria for chronic pain in one or more sites. McFarlane et al. (1994), in 
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turn, found that 50% of volunteer firefighters with PTSD reported significant 

musculoskeletal pain.  These studies provide evidence that pain is one of the most 

commonly reported symptoms in PTSD patients regardless of the nature of the trauma.  

 

All of these studies show the high prevalence of psychiatric disorders and health 

related afflictions in the PTSD population. There has been great controversy as to 

whether these co-morbid disorders are pre-existing risk factors for the occurrence of 

PTSD (Brewin et al., 2000). For example, children with life threatening asthma are more 

likely to exhibit PTSD symptoms (Kean et al., 2006). Likewise, Brewin et al. (2000) 

showed that a pre-existing history of psychiatric illnesses before exposure to trauma is a 

reliable predictor of PTSD onset. It is difficult to discern if these factors predict exposure 

to trauma or onset of PTSD. For example, there is high co-morbidity between drug abuse 

and alcohol abuse and PTSD (Stewart, 1996; Najavits et al., 1997; McFarlane, 1998).  

However, it has been shown that the presence of drug and alcohol abuse (Perkonigg et al., 

2000) is a significant predictor of experiencing trauma. That is people who are drug 

abusers have a higher probability of experiencing traumatic events (e.g. shootings while 

acquiring drugs). 

 

1.5 Individual Differences in Response to Trauma 

It seems to be clear that some individuals are more vulnerable to the development of 

PTSD than others. Although 50 to 70% of the United States population will be exposed to 
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some type of trauma in the course of their lifetime (Kessler et al., 1995),  but only 5 to 

12% will develop PTSD (Kessler et al., 1995). These differences in response to trauma 

have prompted an interest in identifying risk factors for the disorder.  

 

1.5.1.1 Risk Factors 

Genetic heritability, trauma life history, trauma type, and trauma severity are among 

the most common risk factors for PTSD (Brewin et al., 2000). Other risk factors for the 

development of PTSD include sex, the presence of childhood adversity, family history of 

psychopathology, cognitive factors (such as lower intellectual coefficient), severity of 

trauma, and poor social support (Yehuda and LeDoux, 2007). 

1.5.1.2 Sex 

Most epidemiological studies report higher rates of stress-related disorders such 

as acute stress disorder, PTSD and major depressive disorder in women than in men. 

However, mixed results have been shown. Many have reported that even though women 

experience fewer traumatic events than men, higher rates of PTSD are seen in women 

even after controlling for sex differences in the distribution of trauma type (Kessler et al., 

1995; Breslau et al., 1999) .See Table 1.5 for percentages.  On the other hand, Brewin et 

al. (2000) found sex to be a poor predictor of PTSD. Others, have also reported increased 

PTSD rates in women (Robin et al., 1997). 
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Table 1.5 Prevalence of Traumatic Events and Rates of PTSD in Men and Women. 
 Prevalence of traumatic event                            Rate of PTSD  

Men Women            Men Women 
 
Rape * 
Molestation * 
Physical Assault* 
Accident * 
Natural Disaster * 
Combat + 
Witnessed death or injury + 
Learned about traumatic event + 
Sudden death of loved one +  
Any traumatic event + 
Any traumatic event * 

 
0.7 
2.8 
11.1 
25.0 
18.9 
6.4 
40.1 
63.1 
61.1 
60.7 
92.2 

 
9.2 
12.3  
6.9 
13.8 
15.2 
0.0 
18.6 
61.8 
59.0 
51.2 
87.1 

 
 65.0 
 12.2 
1.8 
6.3 
 3.7 
38.8 
9.1 
1.4 
12.6 
8.1 
6.2 
 

 
45.9 
26.5 
21.3 
8.8 
5.4 
___ 
2.8 
3.2 
16.2 
20.4 
13.0 

Modified from Yehuda 2002(Data from Kessler 1995* and Breslau et al 1998, Breslau et al 1999+) 

 

These disparate rates have given rise to research to account for the possible 

increased prevalence of PTSD in women in some studies. Higher exposure to traumatic 

events has been postulated as a potential factor for the exhibited sex differences.  Robin 

et al. (1997) reported higher lifetime prevalence of trauma exposure in women. However, 

other studies have shown more frequent exposure to trauma in men (Breslau et al 1991, 

Kessler et al 1995) or no differences (Breslau et al 1997) between men and women.   

Trauma type may also account for sex differences in PTSD seen in some studies. 

According to the National Crime Victims Survey statistics, women are more likely to 

experience sexual assault and rape, while men are more likely to experience all other 

types of violent crimes (Truman and Rand, 2010). A recent study has shown that 37.8% 

of rape victims and 24.4% of those who had been physically assaulted developed PTSD. 

Moreover, women also experience rape more frequently than men (Kessler et al., 1995; 

Breslau et al., 1999). (See Table 1.4 for percentages).  
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 The potential explanations for such differences are more nuanced and complex 

than they appear. As revealed by the literature, PTSD is more likely to occur after rape 

and women are more exposed to this type of trauma. However, further research is needed 

to investigate if these sex differences are present and which environmental and biological 

factors may account for these differences.  

1.5.1.3 Previous history of Trauma  

According to the fourth National Incidence study of child Abuse and Neglect, about 

1.256 million cases of child maltreatment were reported in the United States between the 

years of 2005 and 2006 (Sedlak et al., 2010). About half of those cases were incidents of 

sexual, physical, or emotional abuse.  In addition to child maltreatment, many children 

also either experienced loss of a parent or lived with a mentally ill parent unable to 

provide proper parenting. Compelling evidence from a variety of studies suggests that 

exposure to early life stressors such as these is a major risk factor for the development 

and persistence of mental disorders. Moreover, early life abuse is associated with long-

lasting hormonal, neurotransmitter, and nervous system changes, which are likely to 

underpin many psychiatric disorders such as PTSD (Heim and Nemeroff, 2001; 

Vythilingam et al., 2002; Feder et al., 2009).  

A community-based study revealed that women with childhood history of sexual or 

physical assault, but not adulthood rape or physical assault, exhibited greater 

symptomatology of mood and anxiety disorders (McCauley et al., 1997). In a study of 60 

Vietnam veterans with and without PTSD, those experiencing PTSD reported higher rates 
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of childhood physical abuse than their counterparts who did not suffer from PTSD (26% 

versus 7% respectively). The association between reported childhood abuse and PTSD 

persisted after controlling for the difference in level of combat-exposure between the two 

groups (Bremner et al., 1993a). 

Exposure to trauma early in childhood may induce vulnerability to the effects of 

stress or trauma later in life (Yehuda et al., 2001). The theory posits that those who 

experience childhood trauma are predisposed to develop a wide array of mental and 

physical disorders known to manifest or worsen in relation to acute or chronic life stress 

(Yehuda et al., 2001; Yehuda et al., 2007). 

1.5.1.4  History of Psychiatric Illnesses  

Results from the National Comorbidity Survey demonstrated that previous history 

of mental illness, mainly affective and anxiety disorders were significant predictors of 

PTSD (Kessler et al., 2005; see also Bromet et al., 1998). Breslau et al. (1991) found that 

neuroticism and preexisting anxiety and depression increased the risk of PTSD after 

trauma exposure. Perkonigg et al. (2000) found that a history of primary substance abuse, 

anxiety disorders, depressive disorders, and somatoform disorders increased the risk of 

experiencing secondary traumatic events. Moreover, individuals with preexisting anxiety 

disorders, depressive disorders, and somatoform disorders are not only at greater risk for 

experiencing traumatic events, but are also at greater risk of PTSD onset. Moreover, in a 

meta-analysis Brewin et al. (2000) demonstrated that psychiatric history, reported 

childhood abuse, and family psychiatric history are significant predictors of PTSD 
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development (weighted average r= 0.11, 0.14, 0.13 for psychiatric history, childhood 

abuse, family psychiatric illness respectively). 

1.5.1.5  Family History of Psychiatric Illnesses 

There is also evidence that family history of psychopathology is a significant 

predictor of the development of PTSD.  Davidson et al. (1991) reported that PTSD 

patients were 2.8 times more likely to have a family history of psychiatric illness than 

patients that are not diagnosed with PTSD. In addition, Breslau et al. (1991) showed that 

family history of anxiety and antisocial behavior increased the risk for PTSD. Bromet et 

al. (1998), in turn, found that parental mental disorder was a risk factor for PTSD. A 

study of torture survivors in Turkey there was a significant correlation between incidence 

of lifetime PTSD and current PTSD and family history of psychopathology (Basoglu et 

al., 1994). Moreover, in the National Comorbidity Survey, it was shown that, across 

gender, parental history of mental illness is a significant predictor of PTSD (Kessler et 

al., 1995).  

1.5.1.6 Genetic Factors 

Studies using trans-generational and epidemiologic designs using twins have 

provided evidence for genetic contributions to the occurrence of PTSD (Broekman et al., 

2007). Trans-generational studies have reported that PTSD is more likely to occur in 

certain families (Yehuda et al., 2002). Twin studies show that monozygotic twins are 

more concordant for developing PTSD as opposed to dizygotic twins (Stein et al., 2002). 
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These studies have prompted molecular geneticists to examine the genetic contribution to 

the risk of developing PTSD further.  

Like most mental disorders, the heritable component of PTSD can be viewed as 

polygenetic; that is, many genes are assumed to either interact or play a role in this 

disorder. Candidate genes identified so far are the serotonin transporter gene (5-HTT) 

(Lee et al., 2005), the dopamine receptor gene (DRD2) (Comings et al., 1996), the 

dopamine transporter gene (DAT) (Segman et al., 2002), the glucocorticoid receptor gene 

(GR), the GABA A receptor gene, the apolipoprotein E gene (APOE) (Freeman et al., 

2005), the brain derived neurotrophic factor gene (BDNF) and the nueropeptide Y gene 

(For a review see Broekman et al., 2007). Novel research has also shown a sex specific 

association between the pituitary adenylate cyclase-activating polypeptide (PACAP) and 

PTSD (Ressler et al., 2011). A more detailed description of the role of genetics in PTSD 

will be developed in chapter 6. 

1.5.1.7  Epigenetic Factors 

The complexity of genetic interactions in PTSD suggests that genetic 

predispositions are not merely associated with genetic polymorphism, but also with gene-

related differences resulting from epigenetic alterations. Epigenetic alterations are 

heritable changes in genetic expression that environmental events can alter. These 

alterations exclude DNA sequence changes. DNA methylation or histone deacetylation 

are two examples of epigenetic alterations. Both alterations serve to alter gene expression 

without changing the sequence of the genes (Novik et al., 2002). 
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Epigenetic mechanisms offer the possibility of defining concrete molecular 

pathways by which environmental risk factors might directly change the expression of a 

gene or gene suite. These mechanisms thus form a basis for individual differences as a 

function of the gene, and perhaps for vulnerability to the disorder (Sutherland and Costa, 

2003). 

 Weaver et al. (2004) has shown direct evidence for epigenetic changes that occur 

during brain development and which may underlie stress sensitivity. In their study, the 

offspring of low nurturing rodent mothers presented both behavioral (higher anxiety) and 

biological (higher corticosterone responses to stress, and low levels of glucocorticoid 

receptors in the hippocampus) differences compared to offspring that had high nurturing 

mothers (Weaver et al., 2004). Apart from these changes, epigenetic changes were 

observed as well. There was increased methylation of the promoter gene for cortisol, a 

stress hormone, in an area critical for the stress response: the hippocampus (Meaney and 

Szyf, 2005).   

Epigenetic research has also produced insights about PTSD in human patients. 

Current research has demonstrated a sex specific genetic difference in the pituitary 

adenylate cyclase-activating polypeptide in subjects with PTSD (Ressler et al., 2011). 

Ressler et al. (2011) showed that single nucleotide polymorphism of the pituitary 

adenylate cyclase-activating polypeptide receptor gene (ADCYAP1R1) predicts PTSD 

diagnosis and symptoms in female patients only. The extent of methylation witihin this 

receptor gene was also found to be highly associated with PTSD. This epigenetic 

predisposition was not found to be sex specific.  
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 Feder and colleagues (2009) claim that “… epigenetic changes that occur during 

brain development are an additional means by which behavioral variability is generated 

in individuals”  (pg. 450). This variability may allow for preparation for different 

environmental challenges (Feder et al., 2009). However, in some individuals these 

epigenetic changes may increase the risk of developing PTSD.  

1.5.1.8 Severity and Type of Trauma 

The nature and severity of trauma is a significant predictor of the appearance of 

PTSD symptomatology (Kessler et al., 1995). The prevalence of PTSD is higher in those 

who have been exposed to combat, civilian casualty in civil wars, terrorist attacks, 

physical and sexual assault. Hoge et al (2004) showed that 6.2% of Afghan and 12.2-

12.9% of returning veterans from Iraq met the diagnosis for PTSD (Hoge et al., 2004). 

(Galea et al., 2002) showed that 20% of respondents living in closer vicinity to the World 

Trade Center developed PTSD symptoms after the September 11th attacks. In one more 

study, Kessler et al. (1995) demonstrated that victims of sexual assault were more likely 

to exhibit PTSD (about 50%). Alternatively, only 5% of people who experience a natural 

disaster develop PTSD. This evidence suggests that a major risk factor for developing 

PTSD is the type of trauma.  

Severity of trauma is generally defined in terms of subjective emotional responses 

and varies between individuals, based on their perception. This makes the study of 

trauma severity and its influence on the development of PTSD extremely complicated. A 

number of factors can contribute to perceived response intensity. Degree of 
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controllability, predictability, and perceived threat are among the most predictive factors. 

In a rodent model, these factors intensify the fear response (Foa et al., 1992). The 

perceived sense of failure to act in ways that have mitigated the circumstances of the 

event is also a great risk factor for PTSD (Yehuda, 2004). Lane and Hobfoll (1992) 

showed that the more successful the attempt to minimize the stressful event, the less 

likely that PTSD symptoms will occur. Udwin et al. (2000) also demonstrated that the 

individual’s appraisal of threat to life was highly predictive of PTSD development. Other 

factors such as loss of a loved one or even property or exposure to pain, heat or cold can 

also be predictive risk factors of PTSD. 

 

None of these factors, environmental or genetic, can solely explain the appearance 

of PTSD symptomatology. Thus, a concatenation of genetics, early life stress, ongoing 

stress, and lack of social support may ultimately determine individuals stress 

responsiveness and consequently the manifestation of psychiatric disorders such as 

PTSD.  

 

1.6 Protective Factors  

Although approximately 60-90% of Americans experience a potentially traumatic 

event, only a small proportion suffer a subsequent anxiety disorder (around 15% 

depending on various risk factors) (Kessler et al., 1995, Breslau, 1998). The evidence 

suggests that resilient adaptation is the most common response to trauma. Nonetheless, 

resilience has received little attention due to the long-standing focus on relations among 



 
48 

 
stress/trauma, disease, and psychopathology. Given the limited knowledge in this area, 

research examining the factors that promote resilience has important clinical 

implications, particularly for preventive interventions. A range of factors is potentially 

protective against stress. Among the most common protective factors against stress are 

social competence, positive emotionality, and the capacity for self-regulation (Southwick 

et al., 2005). 

1.6.1.1 Social Support 

 Social support is an important protective factor against the development of any 

psychiatric disorder following stress. Social support alone, however, is not enough. This 

factor requires social competence as well as the ability to harness this support in the 

person who suffers from PTSD (Masten and Coatsworth, 1998; Feder et al., 2009). 

Increased social support has buffering effects on mental and physical illness and fosters 

adaptive coping strategies (Southwick et al., 2005).  

Moreover, it has been shown that increased social interactions elevate oxytocin 

release, an important neurohormone for increased social attachment (Feder et al., 2009). 

Social support also increases brain reward circuit activation (Feder et al., 2009). These 

data show that social support increases adaptive coping strategies and activates 

neurobiological responses that enhance the value of social attachments and reduce fear 

responses (Feder et al., 2009).  
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1.6.1.2 Cognitive Function 

  Higher education and intelligence (IQ) correlate with better responses after 

trauma (Bromet et al., 1998; Yehuda and LeDoux, 2007). Coping strategies used by 

resilient individuals usually include active coping and cognitive re-appraisal. “Cognitive 

reappraisal involves reinterpreting the meaning of negative stimuli with a resulting 

reduction in emotional responses” (Feder et al., 2009). Folkman and Lazarus (1980) 

defines active coping as “cognitive and behavioral efforts to master, reduce, or tolerate 

the internal and/or external demands that are created by the stressful transaction” ( pg. 

223).  

Resilient people tend to see stressful situations in a less threatening manner 

(Southwick et al., 2005). Redefining a stressful event as a challenge that might bring 

personal growth may result in a resilient response (Southwick et al., 2005). Feder et al. ( 

2009) suggested that resilient individuals might be better at reinterpreting the meaning of 

negative stimuli or might use this strategy more often than non-resilient people.  

Active coping with stress requires individuals to face their fears. In a study 

examining relationships among hardiness (also resilience), optimism, and different 

coping strategies, people with more action-emphasized strategies, such as planning, 

positive interpretation and seeking help, self-reported hardier responses to stress (Maddi 

and Hightower, 1999). On the other hand, people characterized as less hardy had coping 

mechanisms to reduce stress such as mental and behavioral disengagement, denial and 

alcohol and drug use (Maddi and Hightower, 1999).  These results have led researchers to 

suggest that active coping strategies such as problem solving and planning could be 
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associated with resilience and, therefore, a greater capacity to handle stress (Southwick et 

al., 2005).  

Feder et al. (2009) proposed that individuals exposed to tolerable levels of stress 

(inoculation) during development might have a better ability to respond in an adaptive 

manner in response to later stressors. Inoculation has been linked to faster fear extinction 

mechanisms (Feder et al., 2009). Active coping has also been hypothesized to decrease 

the probability of developing conditional fear to stimuli surrounding a specific traumatic 

event (LeDoux and Gorman, 2001; Southwick et al., 2005). 

1.6.1.3 Reward Sensitivity 

Resilient individuals often exhibit dispositional optimism and high positive 

emotionality (Tugade and Fredrickson, 2004; Tugade et al., 2004; Ong et al., 2006). 

Positive emotions are correlated with adaptive coping and openness to social support and 

are associated with greater flexibility of thinking and exploration, and a broadened focus 

of attention (Fredrickson, 2001). Additionally, Fredrickson and Levenson (1998) showed 

that positive emotions (elicited by films showing joy and contentment) increase recovery 

of cardiovascular changes after a stress task. 

Several theoreticians suggest that the ability to modulate behavior according to 

rewarding experience is linked to greater resilience (Yehuda and LeDoux, 2007). 

Charney ( 2004) suggested that resilience may be characterized by a robust reward 

function or one that is resistant to hardship. Resilient individuals may have a reward 

system that is either hypersensitive to reward or is resistant to change, despite chronic 

exposure to adversity. This function might protect individuals from developing mental 
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disorders following exposure to stress through increasing social support and through 

cognitive reappraisal. A small number of studies have examined relations between 

resilience and reward sensitivity. Simeon et al. (2007) found that there was a correlation 

between self-reported resilience and self-reported reward responsiveness. This outcome 

suggests that reward sensitivity is an important factor in resilience as well as in an 

individual’s ability to adapt to and overcome adversity.  Relations between reward and 

stress will be further discussed in Chapters 2, 5 and 6.  

 

Information about both risk factors for PTSD and potential protective factors 

needs to be viewed with caution because both factors were identified retrospectively, 

based on comparing people with and without PTSD on many parameters, some of which 

might have been influenced by post-traumatic factors. Nevertheless, these descriptive 

data point toward important sources of individual variation in stress responses and may 

underlie different biological phenotypes of PTSD. 

 

1.7 Common Treatments of PTSD 

Two major classes of treatment for PTSD exist: psychological and 

pharmacological. In some cases, combinations of both psychological and 

pharmacological treatments are more efficacious and/or effective than either of them 

alone. 
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1.7.1.1 Psychological Treatment  

 Psychological treatments typically involve attempts to reduce the levels of 

subjective and physiological distress associated with remembering the traumatic event(s) 

(Yehuda, 2002b). Most psychological treatments include anxiety management techniques 

such as relaxation training, stress inoculation therapy, cognitive restructuring, and breath 

retraining (Shalev, 2001). 

 One of the key elements in the psychological treatment of PTSD is exposure: the 

confrontation of the traumatic event through extinction-based therapies such as flooding, 

prolonged exposure, and implosive therapies (Shalev, 2001). Research has also shown the 

efficacy of therapies that help patients process their thoughts and beliefs, such as 

cognitive therapies as well as those that help patients understand the ways in which the 

traumatic event continues to affect relationships and other aspects of their life (Yehuda, 

2002b). Finally, group therapy has also proven to be effective by reducing isolation and 

stigma caused by this disorder (Foa et al 2000).  

1.7.1.2 Pharmacological Treatments 

Results of randomized clinical trials demonstrate that selective serotonin reuptake 

inhibitors, tricyclic antidepressants, and monoamine oxidase inhibitors alleviate PTSD 

symptoms (Davidson, 2001). Although almost every group of psychotrophic agents has 

been shown to be effective for the treatment of some aspect of PTSD symptomatology, 

only a few have been studied systematically. Selective serotonin reuptake inhibitors 

(SSRIs) have been investigated more than any other family of drugs (Davidson, 2001).   
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Although there are currently no PTSD-specific pharmacological treatments, 

SSRIs are the first-line medication. These pharmacological agents are safer and better 

tolerated than any other type of psychotropic medication. Even so, the Food and Drug 

Administration (FDA) has approved only Sertraline (Zoloft) and Paroxetine (Paxil) for 

the treatment of PTSD. These drugs, typically used as antidepressants, increase the levels 

of serotonin by inhibiting its reuptake. Although this is the most common type of 

treatment, about 40% of PTSD patients treated with these drugs do not show positive 

clinical responses. Moreover, less than 20-30% of those who respond achieve full 

remission (Berger et al., 2009).  

These findings indicate that SSRIs have limited efficacy and reveal the necessity 

for novel treatments. Berger et al. (2009) and colleagues provided a review of the 

efficacy of pharmacological treatments other than antidepressants. The most common 

drug classes considered were atypical antipsychotics, anticonvulsants, adrenergic 

inhibiting agents, and benzodiazepines. This review concluded that antipsychotics and 

adrenergic inhibiting agents are the most effective if used in conjunction with 

antidepressants (see Table 1.6 for a full report of the efficacy of these drugs). 
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Table 1.6 Pharmacological alternatives to antidepressants in the treatment of post-traumatic 
stress disorder.  
Sample (N) Drug Monotherapy/ 

Augmentation 
Outcome measure  
Was active drug superior to 
placebo? (p-value) 

Paper 

Atypical 
Antipsychotics 

    

Veterans (65) Risperidone Augmentation CAPS: Yes (<.05) Bart Zokis et al. 
(2005) 

Veterans (37) Risperidone Augmentation No Hamner et al. 
(2003a,b) 

Civilians (21) Risperidone Augmentation CAPS: No and CAPS-2: Yes 
(.015) 

Reich et al. (2004) 

Civilians (20) Risperidone  CAPS: Ye s(.04) TOP-8: Yes 
(.028) 

Padala et al. (2006) 

Civilians (20) Risperidone Augmentation No Rothbaum et al. (2008) 

Veterans (15) Risperidone Augmentation Yes (.02) Monnelly et al. (2003) 

Veterans (19) Olanzapine Augmentation CAPS: Yes (>.05) CGI: No Stein et al. (2002) 

Civilians (15) Olanzapine Monotherapy No 
No 

Butterfield et al. 
(2001) 

Anticonvulsants     

Veterans (82) Divalproex Monotherapy No Davis et al. (2008) 

Civilians (38) Topiramate Monotherapy No Tucker et al. (2007) 

   CAPS, CGI and DTS: No TOP-8: 
Yes (.025) 

 

   No  

Veterans (24) Topiramate Augmentation No Lindley et al. (2007) 
Civilians (232) Tiagabine Monotherapy No Davidson et al. (2007) 

Civilians & 
Veterans (15) 

Lamotrigine Monotherapy DGRP: Yes  Hertsberg et al. (1999) 

Adrenergic 
Inhibiting Agents 

    

Veterans (63) Guanfacin Augmentation No Neylan et al. (2006) 

Veterans (40) Prazosin Augmentation CAPS: No CGI: Yes (.002) Raskind et al. (2007) 

Civilians (13) Prazosin Augmentation PCL-C: Yes (<.05) CGI: Yes 
(<.05) 

Taylor et al. (2008) 

Veterans (10) Prazosin Augmentation CAPS: Yes (<.01) CGI-C: Yes 
(<.01) 
 

Raskind et al. (2003) 

Benzodiazepines     

Civilians & 
Veterans (16) 

Alprazolam Monotherapy No Braun et al. (1990) 

Table adapted from Berger 2009. 

  



 
55 

 
1.7.1.3 Combination of Treatments 

Pharmacological treatments can enhance the efficacy of extinction-based 

therapies. Drug administration facilitates extinction learning, when used in combination 

with extinction-based interventions (for a review see Quirk and Mueller, 2008). In this 

review, the authors cite studies showing that pharmacological agents such as 

noradrenergic N2 receptor and dopamine receptor D2 antagonists, cannabinoid receptor 

agonists, serotonin reuptake inhibitors, NMDA receptor agonists, as well as tAMPA 

receptor potentiators, all decreased extinction times in animal studies. More interestingly, 

the NMDA receptor agonists used in clinical trials effectively alleviate signs and 

symptoms associated with acrophobia and social anxiety. They did not effectively 

alleviate signs and symptoms associated with arachnophobia (Quirk and Mueller, 2008). 

Cortisol, used in clinical trials in people suffering from arachnophobia, was reported to 

improve extinction based therapies (Quirk and Mueller, 2008).  

 

1.8 Experimental Stress 

Researchers often expose organisms to different stressors to elicit, and 

consequently study, stress responses and the neurobiological mechanisms underlying 

them. Some researchers use human participants to explore higher cognitive processes that 

cannot be explored in other animals.    
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1.8.1.1 Animal Models of Psychiatric Disorders 

Animal models of human processes and disorders are desirable for several 

reasons. First, these models offer the possibility of simulating human conditions in a 

controlled environment, with a large number of subjects in a simpler more 

understandable system. Secondly and most importantly, these models have the potential 

to provide insights about the etiology, course, and possible treatments of human 

processes and disorders.  

Modeling psychiatric disorders, such as schizophrenia, anxiety or depression, 

presents a unique challenge, even relative to other brain disorders (i.e. Alzheimer’s, 

Huntington’s, or Parkinson’s disease) because we know much less about the genetic, 

molecular, and cellular causes, or even the primary anatomical sites of possible brain 

defects underpinning psychiatric disorders. In the case of PTSD, there is a greater 

potential to model the disorder accurately because major precipitating factors such as 

exposure to severe and unusual stressful or traumatic situations define the disorder. 

Nevertheless, for both animals and humans, many different stimuli are traumatic and can 

cause bio-behavioral sequelae. Apart from the type of traumatic stimuli, other factors 

such as experiential history, genetics, and the state of the organism at the time of trauma 

influence the appearance of trauma-related symptoms (Yehuda and LeDoux, 2007).  

Therefore, whereas exposure to a stressor is, by definition, a necessary condition for 

PTSD, this factor alone is not sufficient to model the psychopathology behind PTSD. 

These considerations make the task of creating an adequate animal model of PTSD 
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daunting. Due to this, many researchers have engaged in the task of generating a set of 

criteria for evaluating the relevance of different paradigms in modeling PTSD. 

 

1.8.1.2 Criteria for a Valid Animal Model of PTSD 

Yehuda and Antelman (1993) presented criteria that a good model of PTSD must 

satisfy. First, even a brief stressor should induce biological and behavioral sequelae of 

PTSD. The stressor should induce bio-behavioral alterations that have the potential for 

bidirectional expression (i.e., both enhanced and reduced responsiveness). The stressor 

should also produce PTSD-like symptoms in a dose-dependent manner. Additionally, the 

biological alterations should persist or become more pronounced over time. Finally, there 

should be individual differences in response to a stressor that might be due to experience, 

genetics, or an interaction between them. For a more complete description of these 

criteria see Table 1.7. 
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Table 1.7 Criteria for the establishment of an animal model of PTSD 
1. General 
Criteria 
 

a. The model should allow to asses behavioral correlates of both associates and non associative 
trauma related memories.  

b. Behavioral tasks should allow performing longitudinal studies of PTSD-like symptoms in 
order to asses incubation, extinction, habituation, and desensitization of fear responses.  

 
2.Traumatic 
incident  
 

a. The phenotype should be induced by an aversive stimulus (stressor). 
b. Brief stressor should be sufficient for the induction of PTSD-like symptoms.  
c. The intensity of the stressor should define the severity of the symptoms. 

 
3.PTSD-like 
symptoms  
 

 
a. Symptoms should persist for several weeks or even increase with the passage of time 

(delayed onset, fear incubation). 
b. Symptoms should include exaggerated fear responses to trauma-related cues, hypervigilance, 

and hyperarousal. 
c. Symptoms should include signs of hyporesponding (emotional blunting, social withdrawal). 
d. There should be considerable inter-individual variability of PTSD-like symptoms to study 

factors of vulnerability and resilience. 
 

4.Predictive 
validity 

a. Chronic SSRI treatment should ameliorate at least part of the manifested PTSD symptoms. 

Table modified from Siegmund and Wotjak (2006). 

 

1.8.1.3 Previous Rodent Models of PTSD 

Animal models of PTSD use various kinds of stressors. Some use species-relevant 

life threatening stressors, such as exposure to a predator, others use inescapable foot-

shock. Exposure to a predator (exposure to a cat or cat-related odors, for instance) 

lastingly increases rodent anxiety-like behavior when the exposure is inescapable 

(Adamec and Shallow, 1993). Under these conditions, anxiety-related changes in the 

organization of behavior are detectable in several tests including the elevated plus maze, 

the light dark box and acoustic startle (Adamec, 2003). Some of these changes last at 

least three or more weeks following exposure to the predator (Adamec and Shallow, 

1993). 
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A widely accepted family of animal models using inescapable foot-shock as a 

stressor emulates many symptomatic and physiological characteristics of human PTSD 

(Stam, 2007). Animal models using inescapable foot-stock have shown increases in 

anxiety (van Dijken et al., 1992b; Stam et al., 2002; Louvart et al., 2005). Additionally, 

when rats are exposed to inescapable foot-shock increased object burying is observed, a 

strong indicator of hypervigilance (Mikics et al., 2008; Langevin et al., 2010). Decreases 

in social interactions have also been observed in animals exposed to this foot-shock 

paradigm (Louvart et al., 2005).  

An imperative criterion to be met for a valid PTSD model is that the behavioral 

sequelae persist over time. Moreover, a brief intense inescapable foot-shock together with 

subsequent situational reminders cause increased anxiety-like behavior and blunted 

corticosterone levels that remain up to six weeks after the traumatic event (Pynoos et al., 

1996; Louvart et al., 2005). Inescapable foot-shock experimental paradigms emulate the 

types of trauma that give rise to PTSD, such as rape or combat-related injuries, because 

foot-shock occurs without the control of the individual. Increases in nociception have 

also been observed after exposure to this type of stressor (Geerse et al., 2006). Finally, 

individual differences have also been observed using this paradigm (Geerse et al., 2006). 

 

1.8.1.4  Individual differences in Animal Models of PTSD 

Few researchers using animal models have looked at individual differences in 

response to a traumatic event. Many divide animals into groups of exposed and 
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unexposed animals, even though individuals within each group displayed a diverse range 

of responses. Because PTSD clearly affects only a small proportion of the exposed 

human or rodent population, an important criterion for assessing the adequacy of a PTSD 

animal model is demonstrating individual differences (inter-individual variability) in 

response to the traumatic event(s). Measures of thigmotaxis, the tendency to remain close 

to or in contact with walls, an index of anxiety in both animals and humans, correlates 

positively with measures of general phobic avoidance (Treit and Fundytus, 1988; Kallai 

et al., 2007).  

These data show that the inescapable foot-shock experimental paradigm is a 

suitable model for PTSD. It has been shown to meet many of the imperative criteria 

needed for a valid model of this psychiatric disorder, such as an increase in anxiety-like 

behaviors, neurobiolgical changes as well as individual differences in response to trauma.   

 

1.8.1.5 Experimental Stress in humans  

Studies focused on the responses to stress in humans often use emotion-induction 

procedures, public speaking tasks, cognitive tasks, noise exposure and sometimes even 

combinations of these tasks (Het et al., 2009). Mild aversive physical stimuli and 

psychosocial stressors are the two most widely used types of stressors in the field.  

The cold pressor test is the most common of the aversive stimuli. Lovallo (1975) 

initially used this test to experimentally increase blood pressure, but more recently, 
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researchers have used the cold pressor test to elicit and measure psychological, 

autonomic, and neuroendocrine responses (Oshima et al., 2001).  

The Trier Social Stress Test (TSST) is among the most commonly used 

psychosocial stressors. This task consists of a public speech and a mental arithmetic task. 

Exposure to the TSST procedure causes significant increases in both physiological and 

psychological stress (Kirschbaum et al., 1993).  

 

1.9 Conclusions 

The majority of individuals exposed to traumatic experiences recover without any 

psychopathological or physical sequelae. It is important to investigate the protective 

factors that increase successful adaptation to acute or chronic stress or even trauma.  The 

psychology underlying resilient responses is mediated by complex neural circuits 

involving various brain regions. The neurobiology underlying psychopathology has been 

studied substantially. Thus, Chapter 2 will focus on the possible neural substrate of post-

traumatic stress disorder. However, the neurobiology of resilience will also be briefly 

discussed.  

The study of the involvement of reward and reward related areas in stress 

responses is achieved through a rodent and a human model. The use of animal models 

provides a great tool to investigate the neurobiology and etiology of psychiatric disorders 

such as PTSD. Thus, in Chapter 3 a new model of PTSD will be introduced and results 

showing the validity of the model will be discussed. In Chapter 4, the VTA will be 
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introduced as part of the possible neural substrate of PTSD. In Chapter 5, reward 

sensitivity and resilience will be shown to be linked in a human psychosocial stress 

experiment. Finally, in Chapter 6 this research and future studies will be discussed. 
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CHAPTER 2 

2 THE NEURAL SUBSTRATE OF POST TRAUMATIC STRESS DISORDER 

AND OTHER ANXIETY DISORDERS 

 

The etiology of psychiatric disorders is difficult to understand due to our limited 

knowledge of their neurobiological, genetic, molecular, and cellular underpinnings. Most 

psychiatric illnesses, including PTSD, are intricate and multifaceted. Symptoms marking 

PTSD include memory disturbances, increased arousal and fear expression, as well as 

anhedonia, co-morbid drug addiction, and chronic pain. The involvement of these 

processes has prompted researchers to examine brain regions that are critical for memory 

processes, such as the hippocampus, those involved in the expression and the formation 

of conditioned fear, for instance the amygdala, and those involved with autonomic system 

regulation, such as the hypothalamic pituitary adrenal (HPA) axis (Siegmund and 

Wotjak, 2006). Other areas, such as those related to extinction of fear conditioning and 
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trauma memories, including the prefrontal cortex, have also been implicated in this 

disorder (Bremner, 2006).  

Current neural substrate models exclude some PTSD symptoms, such as 

anhedonia, drug addiction, and chronic pain. These ‘excluded’ symptoms have all been 

linked to reward related-areas such as the VTA. Moreover, the ‘implicated’ brain areas 

all receive input from the ventral tegmental area and project back to this region. In this 

chapter, the brain regions currently implicated in PTSD will be briefly described and 

current models of the neural substrate discussed. Finally, the VTA will be introduced as 

part of the neurocircuitry of PTSD.  

 

2.1 Stress and its chemicals 

During stress, the HPA axis is stimulated in response to amygdalar activation via 

the stria terminalis (Sabban, 2010).  Corticotrophin releasing factor (CRF) released from 

the hypothalamus ultimately stimulates the release of cortisol (or corticosterone) from the 

adrenal cortex and catecholamines, such as norepinephrine, from other brain areas (Rivier 

and Plotsky, 1986). Catecholamine release increases the availability of energy to vital 

organs (Yehuda, 2004). Cortisol both mediates the initial reaction to stress and limits the 

sympathetic response via negative feedback inhibition on the pituitary and hypothalamus 

to ensure the prompt termination of the stress response (Munck et al., 1984). 
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2.1.1.1 Catecholamines and stress initiation 

 Catecholamines are 

compounds that contain a 

catecholamine moiety and an 

amine side chain. In the human 

nervous system, the most 

abundant catecholamines are 

dopamine, norepinephrine, and 

epinephrine. The adrenal 

medulla, the postganglionic 

fibers of the sympathetic 

nervous system, and the locus 

ceruleus of the central nervous 

system produce most of the 

norepinephrine (NE) and 

epinephrine (E) (See Figure 2.1 

for a depiction of the localization of the NE and E releasing regions in the nervous 

system, the locus ceruleus and the adrenal medulla). The midbrain neurons of the 

substantia nigra and the ventral tegmental area produce most of the dopamine (DA).  

Exposure to stressors triggers the release of catecholamines from the adrenal 

medulla, sympathetic nervous system and catecholaminergic neurons in the brain. The 

short-term elevation of these neurotransmitters is an essential component of the adaptive 
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response to stress, and helps restore homeostasis (Sabban, 2010). The peripheral actions 

of norepinephrine and epinephrine directly affect metabolism, fuel mobilization, blood 

pressure and cardiac output.  They initiate the utilization of metabolic fuel, trigger the 

breakdown of glycogen and the mobilization of fats while suppressing the release of 

insulin, enhancing glucagon secretion and increasing the cardiovascular system’s 

functioning (Sabban, 2010). All of these functions help with the adaptive responses to 

stress.  

 Catecholamines also have a significant effect on brain function (Sabban, 2010). In 

response to stress, NE and E stimulate certain limbic areas, such as the amygdala, the 

hippocampus and the hypothalamus and inactivate higher order regions, including the 

prefrontal cortex. Norepinephrine is especially crucial in mediating stress-induced 

increases in vigilance and alertness (Sabban, 2010). Chronic or traumatic stress can 

disrupt normal catecholamine function and can cause abnormal function in other brain 

areas (Yehuda et al., 1992).  

 

2.1.1.2 Catecholamines and PTSD 

 Kosten and colleagues (1987) reported that hospitalized combat veterans with 

PTSD have sustained elevation of 24-hour urinary NE and E, compared with other 

patients.  Yehuda and colleague (1992) replicated this study with 22 PTSD inpatients and 

16 non-psychiatric normal males and assessed NE, E as well as DA urinary levels over 24 

hours.  PTSD patients excreted greater levels of all three catecholamines than controls.  
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Moreover, dopamine and norepinephrine, but not epinephrine, levels correlated 

significantly with the severity of PTSD symptoms (Yehuda et al., 1992). 

Consistent with these results, combat veterans with PTSD exhibit exaggerated 

sympathetic nervous system responses to reminders of war trauma (Perry et al., 1987; 

Yehuda et al., 1990). Several groups have shown that medications  which affect the 

central nervous system’s noradrenergic levels alleviate some symptoms of PTSD (Frank 

et al., 1988; Davidson and Connor, 1999; Boehnlein and Kinzie, 2007). See also Table 

1.5. 

 

2.1.1.3 The HPA axis and Neuroendocrine Dysregulation 

The signal of threat activates the amygdala, an area of the brain important for 

emotional processing, which in turn activates the paraventricular nucleus of the 

hypothalamus, an essential area for homeostatic regulation and the release of 

corticotrophin-releasing factor (CRF). CRF, in turn, stimulates the anterior pituitary 

gland, an important endocrine gland, to synthesize and release adrenocorticotropic 

hormone (ACTH), which then stimulates the synthesis and release of adrenal cortical 

glucocorticoids (cortisol in humans, corticosterone in many animals) (Rivier and Plotsky, 

1986). This circuitry, called the hypothalamic-pituitary-adrenal axis (HPA) mediates both 

the normal response to stress and it is partly responsible for abnormal responses to stress 

See Figure 2.2 for the location of these brain areas and Figure 2.3A for a more detailed 

depiction of this pathway.  
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In the normal stress 

response, the activated autonomic 

nervous system and the HPA axis 

activation will return to baseline 

levels within hours (Sabban, 2010). 

However, multiple exposures to 

stress can change these responses. 

For instance, the response to a 

stressor might be lessened if a 

previous successful stress response 

occurred. Conversely, if a prior 

experience was markedly negative, 

the reaction will most probably be 

stronger. Thus, the 

neurophysiological reactions 

underlying the stress response will 

increase or decrease depending on previous stress responses. In psychiatric disorders, 

such as PTSD, the physiological response to stress, including cortisol and CRF levels, 

fails to return to pre-trauma baseline.   
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2.1.1.4 Cortisol levels in PTSD patients 

Neurobiological research over the past few decades has consistently suggested 

abnormalities in the HPA axis in PTSD patients (Liberzon and Sripada, 2008). Studies 

have shown decreased levels of circulating cortisol in PTSD patients. Sometimes these 

remain lower decades after the experience of trauma (Mason et al., 1986; Yehuda et al., 

1995). Consistent with these results, PTSD patients also have lower 24-hour cortisol 

secretion (Yehuda et al., 1990) and hypersensitive glucocorticoid negative feedback 

(Yehuda, 1993). (See Figure 2.3 for a depiction of the differences between normal 

subjects and PTSD patients).  Evidence has also pointed towards increased CRF levels in 

cerebral spinal fluid despite the decrease in cortisol levels (Baker et al., 1999). Numerous 

studies report these differences in HPA axis functioning in PTSD patients. Yet, other 

studies have reported elevated 24-hour cortisol secretion (Pitman and Orr, 1990). 

Prospective studies show attenuated increases in cortisol levels in the immediate 

aftermath of a traumatic event in those who eventually develop PTSD symptoms 

(Delahanty et al., 2000; Anisman et al., 2001) These attenuated cortisol levels might be 

due to previous stress or trauma exposures or pre-existing risk factors (Yehuda et al., 

2000).   

Apart from these alterations in cortisol and HPA axis function, PTSD patients also 

have increased sympathetic nervous system activation. Liberzon and colleagues (1999) 

showed that PTSD patients exhibited higher skin conductance, heart rate, plasma cortisol, 

and baseline catecholamines, but not ACTH levels, in a symptom provocation study 

(Liberzon et al., 1999). Shalev and colleagues (1998) reported that, compared to those 
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who do not develop 

PTSD, patients who 

suffer from PTSD 

also have heightened 

heart rates when 

measured in the 

emergency room 

immediately or one 

week after the 

trauma.  

Yehuda (2002) 

proposed that 

decreased cortisol 

levels at the time of a 

traumatic event 

prolongs the 

availability of 

norepinephrine, 

prolongs the stress response, or creates a maladaptive stress response. These alterations 

(attenuated cortisol levels as well as dysregulation of negative feedback) in HPA axis 

function cause dysregulation of the release of neurohormones and neuromodulators, 

which in turn cause changes in the central nervous system.      
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2.1.1.5 HPA alterations and effects on the neural substrate of PTSD 

In response to stress, cortisol affects both affective and cognitive areas of the brain 

(McEwen, 2004). Along with many other regions, stress related neurohormones and 

neuromodulators cause changes in brain areas such as the prefrontal cortex, 

hippocampus, and amygdala (McEwen, 2004). Two main glucocorticoid receptors, 

mineralocorticoid and glucocorticoid, largely mediate the influence of cortisol on the 

brain. The results of animal studies show that corticosteroids have a 10-fold greater 

affinity for mineralocorticoid than glucocorticoid receptors. The ratio of receptor 

activation at these two sites greatly influences corticosteroid actions on cellular activity, 

neural excitability and network function (De Kloet and Derijk, 2004).  

There are more mineralocorticoid than glucocorticoid receptors in the hippocampus 

and the amygdala (Morris, 2007). In addition to the hippocampus and amygdala, 

glucocorticoid receptors are widely expressed in most brain tissues and are located, 

among other regions, in the prefrontal cortex, limbic structures as well as brainstem 

monoaminergic nuclei (De Kloet and Derijk, 2004). 

At the behavioral level, high levels of cortisol or corticosterone impair actions 

associated with the PFC and the hippocampus.  In contrast, high levels of cortisol or 

corticosterone appear to facilitate actions associated with the amygdala; that is the 

activity of the amygdala increases as stress increases. Moreover, stress appears to 

enhance the formation of amygdala-mediated (emotional) memories such as those related 

to fear conditioning (Sapolsky, 2003; Payne et al., 2007) whereas hippocampus-mediated 
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learning and memory show deficits after exposures to stress (Newcomer et al., 1999; 

Payne et al., 2007). Stress particularly hinders hippocampal-dependent memory tasks 

(Kim et al., 2006).  

Consistent with behavioral results, exposure to identical stressors can affect neuronal 

morphology in the hippocampus and the amygdala in very different ways. In 

hippocampus dendritic atrophy and debranching may occur; in amygdala enhanced 

dendritic arborization may occur (Vyas et al., 2002; Vyas et al., 2003). Additionally, 

structural changes can occur in PFC (Radley et al., 2004). Radley and colleagues (2004), 

for example, found that stress can cause dendritic hypertrophy in this area. 

This evidence permits the inference that cortisol release influences both affective and 

cognitive areas implicated in PTSD neurobiology. The effect of cortisol on hippocampal 

morphology and function has led investigators to believe that stress related hippocampal 

damage may be a culprit in PTSD symptomatolgy. 

 

2.2 The Hippocampus and Memory  

The hippocampus appears to be a region of central importance in PTSD due to its 

prominent role in both the endocrine stress response and memory alterations (McEwen et 

al., 1992). This medial temporal lobe region is crucial for some forms of learning and 

memory (Eichenbaum, 1999, 2000; Bird and Burgess, 2008), as well as memory 

consolidation, reconsolidation, and contextual memory (Corcoran and Maren, 2001; 
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Nadel, 1991; Nadel and Moscovitch, 1997) See Figure 2.4 for a depiction of the 

localization of this area.  

2.2.1.1 Memory and glucocorticoid toxicity in the hippocampus 

 The hippocampus has one of the highest corticosteroid receptor concentrations in 

the mammalian brain and participates in terminating the stress response via 

glucocorticoid-mediated negative feedback of the HPA axis (Morris, 2007). The maximal 

receptor binding capacity, as well as the extent of endogenous occupancy of 

glucocorticoid receptors is higher in the hippocampus than in other brain regions (Morris, 

2007).  

In animals, hippocampal cell damage and memory impairments can result from 

exposure to extreme stress or stress related-hormones (Sapolsky et al., 1990; McEwen, 

1999). Chronic exposure to high levels of stress or stress hormones is associated with 

structural damage in the hippocampus (McEwen, 1999). For example, chronic physical 

and psycho-social stress can set the stage for overt loss of hippocampal neurons in both 

rats and primates (Sapolsky et al., 1990; Magarinos and McEwen, 1995b). Such stress-

induced changes in hippocampal function can be attributed to reduced dendritic 

branching in CA1 and CA3 regions of the hippocampus, apoptosis, and to suppression of 

adult neurogenesis in the dentate gyrus (Magarinos and McEwen, 1995b, Magarinos and 

McEwen 1995a; Magarinos et al., 1996). Progressive glucocorticoid induced damage to 

the hippocampus, in its turn, promotes an increasing elevation of adrenal steroids and 

dysregulation of the HPA axis (McEwen, 1999).  
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2.2.1.2 PTSD as a Memory Disorder 

Some view PTSD as a memory disorder due to the recurring and intrusive memories 

that accompany it. A growing body of literature suggests that memory dysfunction in 

PTSD may not be limited to material related to the traumatic event, but also to trauma 

unrelated information (Jacobs and Nadel, 1985; Isaac et al., 2006; Brewin et al., 2007).  

Before we review the effects that stress has on memory, it is important to note that 

there are several types of memory that 

engage discrete neural systems 

(O'Keefe and Nadel, 1978; 

Eichenbaum, 2002; Payne et al., 2004; 

Bird and Burgess, 2008). Understanding 

this concept is critical to grasping the 

impact that traumatic stress has on 

memory. Different kinds of memory 

with different underlying neural 

substrates can be differentially affected 

by stress. Therefore, neutral and 

emotional events may produce different 

types of memories and be infuenced by 

stress in quite distinct ways.    

In the interest of understanding 

how trauma impacts remembering, a 



 
75 

 
brief description of some of the multiple memory systems will be presented. One may 

remember both implicitly and explicitly. The former involves remembering skills, 

procedures, and habits we acquire through experience (Eichenbaum, 2002; Bird and 

Burgess, 2008). The latter involve remembering events and knowledge of the world 

which can be explicitly retrieved. This form of memory can be further divided into 

episodic and semantic memory. Semantic memory is concerned with general knowledge 

(e.g., the capital of Mexico is Mexico City) (Eichenbaum, 2002). Episodic memories are 

concerned with specific experiential events and incorporate contextual information about 

where and when an event took place. 

Episodic memory appears to depend on the hippocampal formation (O'Keefe & 

Nadel, 1978; Eichenbaum, 1999; Eichenbaum,, 2000). Stress and trauma can influence 

hippocampal dependent memory (Payne et al., 2004);  the impact of stress on this type of 

memory is largely disruptive. Both animal and human studies indicate that exposure to 

high levels of stress impairs neutral but not emotional memory (Payne et al., 2006; Payne 

et al., 2007). Under some conditions stress can enhance memory that is emotionally 

charged (Payne et al., 2006; Payne et al., 2007).  

Some attribute this disruption and enhancement of various forms of memory to stress 

related neurohormones and neuromodulators. High levels of cortisol, for example, reduce 

dendritic branching in adult neurogenesis in the hippocampus that may result in impaired 

memory function (McEwen, 1999) whereas high levels of cortisol, as well as NE, 

increases dendritic branching in the amygdala, which may underlie the enhancement of 

emotional memories (Vyas et al., 2002; Vyas et al., 2003).   
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Consistent with these results, post traumatic stress disorder patients report difficulty 

recalling details of the traumatic event (Brewin et al., 2007). People suffering from this 

disorder typically remember the occurrence of the traumatic event but describe blanks or 

periods where the memory seems vague or unclear (Shin et al., 2005). Compared to 

controls, autobiographical memory suffers in PTSD as well. Individuals diagnosed with 

PTSD often have general memories that are non-specific, lacking context and detail 

(McNally et al., 1995). Additionally, it appears that patients can retrieve these memories 

after psychotherapy, increasing the evidence that trauma related hardship causes these 

deficits in memory (Shin et al., 2005).  

PTSD patients also show impairments in short-term memory (Bremner et al., 1993; 

Bremner, 2001). Bremner and colleagues (1993) showed that veterans with PTSD 

performed more poorly than healthy controls on the logical memory component of the 

Wechsler Memory Scale.  

As these results demonstrate, memory problems are a hallmark of PTSD. In addition 

to memory defects, PTSD patients also have problems with vividly re-experiencing the 

traumatic event. Symptoms include intrusive memories, nightmares, and flashbacks. 

PTSD can thus be characterized as a disorder that paradoxically includes excessive and 

uncontrolled memory retrieval (i.e. re-experiencing), and memory disruption. 

Payne and colleagues (2004) demonstrated that contextual memories and explicit 

autobiographical memories suffer in the presence of high levels of stress. Consistent with 

their data, Jacobs and Nadel (1998) argued that, when we retrieve autobiographical 

memories, our brains have to access and combine fragments of information stored in 
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different memory systems. They also propose that context serves to frame or organize the 

elements of an episodic memory trace (Jacobs and Nadel, 1998; Nadel and Payne, 2002). 

By this view, the hippocampus and adjacent medial temporal regions are essential for 

unifying bits of information from multiple brain regions (Bird and Burgess, 2008). In so 

doing, these structures place an autobiographical memory in time, place, and spatio-

temporal context (Payne et al., 2004). Hence, the disruption of hippocampal function will 

disrupt the storage of information about the spatio-temporal context where the traumatic 

event occurred and hinder the binding process that connects different characteristics of 

the experience (Bremner et al., 1996; Jacobs and Nadel, 1998). 

Jacobs and Nadel (1998) suggested, as well, that in the absence of an intact 

hippocampus, the amygdala based memory system stores emotional information, such as 

the occurrence of a traumatic event, unbound to the specific context (including space and 

time). Moreover, if stress impairs cognitive but not emotional aspects of memory, then 

feelings of anxiety (emotional memories) will be disconnected from the corresponding 

autobiographical memory of a traumatic event (Payne et al., 2004). This disconnection 

might explain the uncontrolled memory retrieval, such as flashbacks and nightmares, 

seen in PTSD patients. 
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2.2.1.3 The Hippocampus in PTSD Patients 

Many patients suffering from PTSD have reduced hippocampal volumes. Imaging 

studies have documented smaller hippocampal volume in PTSD patients than in controls 

(Gurvits et al., 1996; Villarreal et al., 2002; Bremner, 2006; Rauch et al., 2006). Bremner 

et al. (1995) compared Vietnam veterans with combat-related PTSD to healthy control 

subjects, and found that the 

right hippocampal volume 

of PTSD patients was 8% 

less than in controls (See 

Figure 2.5), leading the 

authors to infer that the 

smaller hippocampal 

volumes are directly related 

to combat exposure severity 

as well as to symptom 

severity (Gurvits et al., 

1996; Bremner et al., 2003). 

In addition, functional 

magnetic-resonance 

imaging studies during 

symptomatic states have 

reported lower activity in 
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this region and after the administration of a NE agonist (yohimbine) that causes the same 

sympathetic arousal that stress does (Bremner et al., 1997; Bremner et al., 1999).  

Cognitive activation studies have also documented failures to activate the hippocampus 

during the encoding of neutral verbal passages and recollection of emotional words 

(Bremner et al., 2003).  Blood flow in the hippocampus and parahippocampal gyrus is 

significantly positively correlated with symptom severity (Shin et al 2006). Additionally, 

there is a positive association between flashback intensity and regional cerebral blood 

flow (rCBF) in the left parahippocampal region in patients with chronic PTSD (Osuch et 

al., 2001). 

Even though these findings are theoretically exciting, some studies have failed to 

show decreased hippocampal volumes in PTSD patients (Fennema-Notestine et al., 2002; 

Pederson et al., 2004; Golier et al., 2005), suggesting that smaller hippocampal volumes 

may occur only in some subgroups or that some of these neurobiological changes might 

be too subtle to be detected by the resonance procedures used (Shin et al., 2006). This 

may also provide evidence that smaller hippocampal volumes may be a predisposing 

factor for PTSD. 

Despite all the previous evidence, it is difficult to attribute smaller hippocampal 

volumes in PTSD to glucocorticoid toxicity resulting from extreme trauma. The lack of 

elevation of cortisol levels immediately after, or at long-term after the traumatic event 

makes this conclusion difficult to prove (Yehuda and LeDoux, 2007).  

Another theory behind smaller hippocampal volumes in PTSD patients might be that 

smaller hippocampal volume is a risk factor for developing PTSD (Gurvits et al., 1996). 
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This theory is supported by a study of hippocampal volumes in monozygotic twins 

(Gilbertson et al., 2002). This study reported that unexposed twins of veterans with PTSD 

had smaller hippocampal volumes compared to unexposed twins of veterans without 

PTSD (Gilbertson et al., 2002). Consistent with this theory of reduced hippocampal 

volume as risk factor, Bonne and colleagues (2001), in a prospective longitudinal study, 

did not find changes in hippocampal volume over time in people exposed to trauma 

(Bonne et al., 2001). 

Smaller hippocampal volumes are associated with lower intelligence, which is 

another risk factor for the development of PTSD (Yehuda et al., 2007). Reduced 

hippocampal volume might covary with cognitive capacity or even with cognitive deficits 

associated with PTSD. Reduced cognitive capacity may increase the risk of suffering 

from PTSD because people with lower cognitive capacity have more difficulty in 

contextualizing and reinterpreting the experience of trauma in a way that can facilitate 

recovery (i.e. reappraisal) (Vasterling and Verfaellie, 2009). 

The data produced in these studies demonstrate a positive correlation of symptom 

severity with smaller hippocampal volumes (Gurvits et al., 1996; Villarreal et al., 2002; 

Bremner, 2006; Rauch et al., 2006). Additionally, hippocampal volume and symptom 

intensity correlate negatively. This evidence further demonstrates that the hippocampus 

and perihippocampal areas are involved in PTSD symptomatology and decreased 

hippocampal volume might be a risk factor for PTSD development. 
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2.3 The amygdala and fear conditioning theory 

The amygdala is a heterogeneous structure located in the temporal lobe, which has 

been shown to be an essential component of a fear-learning neural network (Nader and 

Ledoux, 1997; Wilensky et al., 2000; Sigurdsson et al., 2007) (See Figure 2.6 for the 

localization of this area).  This brain region appears to determine if a sensory experience 

is perceived as harmful and 

mediates the biochemical and 

behavioral response to threat 

(Yehuda, 2004).  

The amygdala has the 

potential to perform these 

functions due to its direct 

connections to sensory inputs 

and projections to various 

autonomic somatomotor 

structures that mediate 

defensive responses. It 

receives inputs from diverse 

areas of the brain that convey 

sensory information, such as 

the thalamus and the 

neocortex. It also sends fibers 
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to the bed nucleus of the stria terminalis that allows activation of stress hormones, the 

periaqueductal gray that is helpful for the activation of defensive behavior, and the lateral 

hypothalamus important for the initiation of sympathetic activation (see LeDoux, 1996).  

Apart from having crucial connections, the amygdala is essential for emotional 

processing. Functional imaging studies in humans show increased neural activity in the 

amygdala in response to implicit and explicit recognition of affective stimuli, as well as 

during the acquisition of emotional memories (Adolphs, 1999; Phelps, 2006). 

The amygdala is also an important component of the stress response. During threat, 

signals from the amygdala to the lateral hypothalamus and rostral ventral medulla 

stimulate the sympathetic nervous system (LeDoux et al., 1988). Similarly, projections to 

the solitary tract initiate parasympathetic responses, and projections to the stria terminalis 

stimulate the HPA axis response (Yehuda, 2004, Roozendaal, 1992).  

Both animal and several neuroimaging studies in healthy humans have implicated the 

amygdala in fear conditioning (LeDoux, 1996; Phelps, 2006).The role of the amygdala in 

fear conditioning in both animal and human studies will now be reviewed.  

2.3.1.1 Fear Conditioning and the Amygdala 

 In fear conditioning, a neutral conditioned stimulus elicits fear responses after 

being associated with an unconditioned stressful stimulus that leads to an unconditioned 

stress response. Animal studies have confirmed that fear conditioning occurs as a result 

of the convergence of information from the conditioned and unconditioned stimulus in 

the lateral nucleus of the amygdala (LeDoux, 1996; Phelps and LeDoux, 2005). When the 

animal is re-exposed to the conditioned stimulus, activity in the lateral nucleus is then 
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transmitted to the central nucleus of the amygdala. This region then projects to 

hypothalamic and brainstem areas that control behavior, and the autonomic nervous 

system controlling the hormonal and central arousal responses that help the organism 

respond to threat in an adaptive manner (Yehuda and LeDoux, 2007). 

Other animal studies have shown that lesions of the amygdala interfere with both 

cue and context related fear conditioning responses (Phillips and LeDoux, 1992). 

Additionally, in animals, amygdala stimulation produces freezing, cardiovascular 

changes, and enhanced startle responses (Lavond et al., 1993). 

Consistent with animal research, several fear conditioning neuroimaging 

experiments have also implicated the amygdala (LaBar et al., 1998; Cheng et al., 2003). 

Knight and colleagues (2004) have confirmed the involvement of the amygdala during 

contingency changes in fear conditioning and extinction (Knight et al., 2004). 

Furthermore, damage to the amygdala in humans prevents fear conditioning (Yehuda and 

LeDoux, 2007). 

These findings suggest that the amygdala is essential for the activation of many 

fear responses including fear conditioning.  The strong involvement of the amygdala in 

both stress and fear conditioning responses has prompted the idea that it is also 

implicated in stress and trauma-related disorders, such as PTSD. 

 

2.3.1.2 PTSD and Fear Conditioning 

Yehuda and LeDoux (2007) hypothesized that PTSD reflects a strong associative 

learning akin to Pavlovian fear conditioning. They propose that individuals initially react 
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to a traumatic event (unconditioned stimulus) with arousal and fear (unconditioned 

response) and then continue to show arousal (conditioned response) when confronted 

with trauma related cues (conditioned stimulus), long after the trauma.  

The amygdala modulates fear learning and memory processes (LeDoux, 1996; LaBar 

et al., 1998). This region also appears to be one of the sites of plasticity underlying the 

storage of fear memories (Yehuda and LeDoux, 2007). Recent studies have implicated 

the amygdala in several psychiatric disorders including PTSD. Amygdala 

hyperresponsiveness is proposed to mediate symptoms of hyperarousal and vigilance 

associated with PTSD (Liberzon and Sripada, 2008). 

2.3.1.3 The Amygdala in PTSD Patients 

 In PTSD patients, the amygdala exhibits hyperresponsivity to various trauma-

related cues (Shin et al., 2006). Driessen et al. ( 2004) reported increased amygdalar 

responses in reaction to traumatic cues. Similar results occur in response to traumatic 

narratives and trauma related words (Rauch et al., 1996; Shin et al., 2004; Protopopescu 

et al., 2005). In veterans suffering from combat related PTSD, sounds and photographs 

associated with combat produced similar hyperresponsiveness of the amygdala (Shin et 

al., 1997; Pissiota et al., 2002; Hendler et al., 2003) (See Figure 2.7). Additionally, PTSD 

patients show exaggerated (higher than normal subjects) amygdalar responses to trauma-

unrelated affective material, such as fearful facial expressions (Rauch et al., 2000; Shin et 

al., 2005; Williams et al., 2006). Moreover, amygdala activation correlates positively 

with PTSD symptom severity and self-report anxiety (Rauch et al., 1996; Pissiota et al., 

2002; Shin et al., 2004; Protopopescu et al., 2005). 
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Although many studies have found amygdalar hyperresponsiveness in PTSD 

patients, there are many other 

studies that do not. Several 

studies have not 

demonstrated increases in 

amygdalar activation in 

response to symptomatic 

states in individuals with 

PTSD (Bremner et al., 1999; 

Shin et al., 1999; Lanius et 

al., 2001) 

On balance, these 

studies support the notion of 

heightened amygdala 

responsivity to both 

traumatic reminders and 

more general affective 

stimuli in PTSD patients. 

Additionally, such heightened activity is highly correlated with increased severity in 

PTSD symptoms. Thus, there is support for a link between heightened amygdala 

responsivity and PTSD symptomatology, but due to the mixed results further experiments 

are needed. 
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2.4 The Prefrontal Cortex 

and Extinction of 

Memories 

 The prefrontal cortex is 

a collection of frontal regions 

implicated in higher-order 

cognitive processing. These 

brain regions are crucial for 

planning, decision making, 

executive function, and 

behavioral regulation (Miller 

and Cohen, 2001). The PFC 

consists of many subregions 

(See Figure 2.8 for a depiction 

of the localization of this area 

and its subregions). The 

prefrontal cortex, specifically the medial portion, has been implicated in memory 

extinction (Sotres-Bayon et al., 2006). Extinction is an active process that involves the 

acquisition of new memories (Sotres-Bayon et al., 2004); procedurally it can be achieved 
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by repeatedly presenting a conditioned stimulus without the unconditioned stimulus. 

Over repeated trials, the conditional response disappears.  

2.4.1.1  Extinction, Emotional Regulation, and the Prefrontal Cortex 

In rodents, damage or pharmacological disruption of the medial prefrontal cortex 

(mPFC) interferes with extinction (Myers and Davis, 2007; Sotres-Bayon et al., 2007). 

Morgan et al. (1993) showed that rats with vmPFC lesions required many more unpaired 

presentations of the conditioned stimulus to extinguish conditioned responding. 

Additionally, animal studies have shown that the infralimbic cortex in rodents (human 

homologous vmPFC), a subregion of the mPFC, mediates extinction recall (Milad and 

Quirk, 2002; Sotres-Bayon et al., 2006). 

In humans, fear extinction involves the mPFC and the amygdala (Phelps and 

LeDoux, 2005). Phelps et al. (2004), using fMRI technology, found that the ventromedial 

prefrontal cortex (vmPFC) is involved in extinction. Moreover, the size of mPFC predicts 

how quickly emotional memories extinguish (Milad et al., 2005). Similarly, La Bar and 

colleagues (1998) reported that, as participants acquired conditioned fear and 

extinguished conditioned fear in the same session, activation of the amygdala and the 

rostral anterior cingulate cortex, a subregion of the vmPFC, occurred. Similar activation 

occurred when participants recalled the “extinguished” emotional memory 24 hours later. 

In addition, a day after extinction during recall, activation of the vmPFC predicted 

extinction and correlated with amygdala activation (Gottfried and Dolan, 2004). Using an 

extinction retention design, Milad and colleagues (2005) conducted a morphometric MRI 

study to test correlations between regional cortical thickness and extinction recall or 
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retention of the extinguished memory and found that the only region that showed a 

reliable association was located within the vmPFC.  

The PFC also has a role in the suppression of attention and response to emotionally 

valenced stimuli (Rauch et al., 2006). Hartley and Phelps (2010) hypothesized that 

decreased amygdala responses result from top down modulation of the emotional 

meaning of the stimulus and suggest that inhibition of the amygdala, originating in the 

PFC, is crucial to the control of fear responses (Hartley and Phelps, 2010). More 

specifically, they propose that decreases in fear are due to dorsolateral PFC control over 

the amygdala, and that increased activation of the vmPFC underlies successful fear 

extinction (Phelps et al., 2004; Delgado et al., 2008). Consistent with this suggestion, 

Bryant and colleagues (2007), using fMRI technology, showed that activation of the 

amygdala and the ACC in response to fearful faces predicts success during cognitive 

behavioral therapy in PTSD patients (Bryant et al., 2008).  

The mPFC also regulates cognitive reappraisal; reappraisal is reliably associated 

with activation in the dorsal ACC and the mPFC (Etkin et al 2011). Changing the 

appraisal of a specific stimulus (e.g. trauma) to respond in an adaptive manner is essential 

for a resilient response (Hartley, 2010). Oschner and colleagues (2002) found that 

participants presented with negatively charged emotional scenes and then asked to 

reinterpret the scenes in a positive manner experienced a reduced negative affective 

response (e.g. a scene that looks like a murder scene is reinterpreted as a movie 

rehearsal). This study also showed that during this task there was increased activation of 
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dorsolateral PFC and ventrolateral PFC as well as the ACC and decreased activation of 

the orbitofrontal cortex and the amygdala (Ochsner et al., 2002). 

Taken together, these data point to an important role of the mPFC in fear extinction 

as well as fear inhibition. Research in both animals and humans has shown that the mPFC 

has an imperative role in recalling memories of extinction or extinction retention (Phelps 

et al., 2004; Milad and Quirk, 2002; Sotres-Bayon et al., 2006). Additionally, other 

regions of the PFC, such as the dorsolateral PFC and ACC, may play a role in emotional 

regulation by inhibiting amygdalar function. Decreased mPFC function may underlie 

impairments in extinction in PTSD patients. 

2.4.1.2 PTSD as an extinction disorder 

Post-traumatic-stress disorder patients display spontaneous or cue induced re-

experiencing of a traumatic event. This may result from failures to consolidate and to 

retrieve extinction learning (Hartley and Phelps, 2010). Consistent with this idea, PTSD 

patients exhibit deficits in extinction retention (Orr et al 2000). PTSD may result in a 

predisposition for impaired extinction.   

Evidence supporting this hypothesis comes from individual differences in the rate of 

extinction. Research indicates that people with the low-expressing short-allele of the 

serotonin transporter gene (5-HTT) exhibit decreased functional connectivity between the 

vmPFC and the amygdala (Pezawas et al., 2005). Additionally, mice lacking the 

serotonin transporter gene show marked deficits in extinction retention (Wellman et al., 

2007). This evidence suggests a possible genetic basis for individual differences in 

extinction learning as well as a potential risk factor for the development of anxiety. 
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Extinction-based exposure therapies have been widely explored as potential avenues 

for treatments of anxiety disorders, such as PTSD (Garakani et al., 2006). PTSD 

symptoms improve after exposure therapy, an extinction-based therapy (Rothbaum and 

Schwartz, 2002; Foa, 2006) (See Chapter 1 for a more complete description of types of 

psychological therapies used to treat PTSD). Pharmacological treatments may enhance 

the efficacy of extinction-based therapies. Basic research has shown facilitation of 

extinction learning in conjunction with drug administration (Walker et al., 2002; Ressler 

et al., 2004; Anderson and Insel, 2006; Quirk and Mueller, 2008). 

2.4.1.3 The medial prefrontal cortex in PTSD patients 

 Morphometric MRI studies in PTSD patients have described decreased PFC 

volumes (Fennema-Notestine et al., 2002). Similarly, anterior cingulate cortex (ACC) 

volumes appear to be smaller in PTSD patients compared to trauma-exposed control 

groups (Rauch et al., 2003; Yamasue et al., 2003; Woodward et al., 2006). Moreover, 

there is evidence that ACC volumes are inversely related to symptom severity (Yamasue 

et al., 2003; Woodward et al., 2006). That is, those with larger ACC volumes experience 

less symptom severity.  
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Apart from smaller 

PFC volumes, those with 

PTSD exhibit less activation in 

this area than controls. 

Functional imaging studies 

detect less activation of mPFC 

during the presentation of 

traumatic narratives and 

negative-trauma unrelated 

narratives (Lanius et al., 2001; 

Shin et al., 2004; Britton et al., 

2005). The lowered activity 

seen in PTSD patients is also 

seen during presentation of 

combat related pictures and/ or 

sounds as well as fearful facial 

expressions (Bremner et al., 1999; Shin et al., 2005; Williams et al., 2006). Bremner and 

colleagues (2003) also showed that, during a declarative memory task where emotional 

word retrieval was tested, lower mPFC activation was seen compared to non-PTSD 

controls (See Figure 2.9). Moreover, PTSD symptom severity correlates negatively with 

medial prefrontal cortex activation (Shin et al., 2004; Britton et al., 2005; Shin et al., 

2005; Williams et al., 2006; Bryant et al., 2008). 
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Evidence shown in these studies illustrates diminished function and volume in 

mPFC in PTSD patients. This deficiency in mPFC functionality/ volume may underlie 

deficits in trauma-related memory extinction and emotional regulation that is crucial for 

recovery from trauma. 

 

2.5 Neurocircuitry models of PTSD 

 As we have seen from previously discussed studies, PTSD is a complex disorder 

that implicates the conjoined activity of diverse brain systems. This has led researchers to 

build neural models of the disorder. In this vein, Rauch and colleagues (1998) presented a 

model of PTSD neurocircuitry that emphasized the role of the amygdala and its 

interactions with the vmPFC and hippocampus. They proposed that the hyperresponsivity 

of the amygdala to threat-related stimuli is due to inadequate top-down regulation of the 

vmPFC and the hippocampus. Their theory posits that the amygdala’s hyperresponsivity 

mediates symptoms of hyperarousal and may explain the indelible quality of memories 

concerning traumatic events. Additionally, the inadequate regulation of mPFC may 

underlie deficits in extinction as well as the capacity to suppress attention and response to 

trauma-related stimuli. Finally, it has been proposed that decreased hippocampal function 

underlies deficits in identifying safe contexts as well as memory difficulties explained 

earlier in this chapter (Bremner et al., 1995). Consistent with this conceptual model 

Yehuda and LeDoux (2007) also propose a conceptual model with the amygdala as the 

central brain region (See Figure 2.10).  
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 Given that these models of PTSD posit relationships between brain systems, 

human imaging studies have used correlational and multivariate analyses to look at the 

relationship between some of these areas. A PET study involving traumatic script-driven 

imagery in veterans with chronic PTSD found that increases in rCBF in bilateral 

amygdala were significantly related to decreases in rCBF changes in mPFC (medial 

frontal gyrus) (Shin et al., 2004). Similarly, Shin and colleagues (2005) showed an 

inverse relationship between amygdala and mPFC activation in an fMRI study that used 

the presentation of fearful and happy facial expressions. Furthermore, imaging studies 

have shown that patients with acute PTSD exhibit positive relationships between 

amygdala and mPFC activation using fearful versus neutral facial expressions and 

traumatic imagery (Gilboa et al., 2004; Shin et al., 2006). These studies provide evidence 
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of amygdala and mPFC interactions although the direction of their relationship differs 

across studies.  

 An important issue to address is the possibility that increased amygdala activation 

and deactivation of mPFC and hippocampus might represent preexisting risk factors for 

developing PTSD (Yehuda and LeDoux, 2007). There are several pieces of evidence 

pointing to this. Firstly, there are individual differences in amygdala and mPFC activation 

in response to deliberate regulation of negative emotions (Hariri et al., 2003). 

Additionally, the size of mPFC is related to fear extinction in normal subjects (Yehuda 

and LeDoux, 2007). Finally, Hariri and colleagues (2003) found that a natural variation in 

the serotonin transporter gene has a significant relationship with amygdala activity in 

response to threatening faces. This study showed that people with the short version of the 

serotonin transporter gene have increased fear and anxiety-related behaviors as well as 

greater amygdala activation.  

  Moreover, these findings might reflect that the neural responses to traumatic 

events are meant to produce adaptation. The theory proposed by Yehuda and LeDoux 

(2007) is that these changes in activation might permit the amygdala to attend to a 

stimulus as dangerous because previous experiences showed that the stimulus was 

dangerous (Yehuda and LeDoux, 2007). However, this adaptative response can become 

maladaptative. Findings from Rauch et al (2003) indicate that there is similar amygdalar 

activation in other anxiety disorders, implying that such enhanced activation in response 

to provocation may be a general consequence of experiencing fear or anxiety. This 

evidence might also illustrate that these increased responses occur regardless of whether 
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the anxiety is anticipatory, based on real threat, or the product of a disorder (Yehuda and 

LeDoux, 2007). 

 These conceptual models explain many of the symptoms seen in PTSD. However, 

novel research has shown deficiencies in the reward system of PTSD patients (Elman et 

al., 2009). Moreover, co-morbidity with drug addiction and pain disorders also points to 

the role of reward related areas in PTSD. 

 Animal models have also provided knowledge about the neurobiology of 

psychiatric disorders. Specifically animal models have been used to identify brain areas 

important for PTSD symptomatology. 

  

2.6 Animal models of PTSD: neurobiological studies 

Previous research in PTSD rodent models suggests that a single exposure to a severe 

stressor may cause long-lasting increases in anxiety-like behavior (Pynoos et al., 1996; 

Louvart et al., 2005). Alterations in neurochemicals, neurohormones and 

neurophysiology of the previously described brain areas appear to underpin these changes 

in behavior.  

Marti et al (2001), working with rats, found that exposure to a short severe stressor 

can cause changes in the hypothalamic pituitary adrenal axis that persists over time (up to 

27 days). This study showed that a single tail nick, restraint, or immobilization causes 

significant short-term (within minutes) as well as long-term changes in ACTH (up to 27 

days) and corticosterone responses (Marti, 2001). Similarly, van Dijken (1993) 
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discovered that a single exposure to inescapable foot shock causes long-lasting neural 

changes, resulting in enhanced fear/anxiety and responsiveness of the HPA axis to a 

novel stressor (see also van Dijken, 1992; Van Dijken, 1992; van Dijken, 1993). 

In animal models, changes in the structure and physiology of the hippocampus 

resulting from exposure to stressors also occurs. Compared to control rats, rats exposed to 

a stressor showed increased mineralocorticoid and glucocorticoid receptor binding 

capacity in the hippocampus (van Dijken et al., 1993). In contrast, Buwalda et al (1999) 

reported a decrease in glucocorticoid binding in the hippocampus and the hypothalamus 

seven days after a single exposure to social defeat (Buwalda et al., 1999). These 

differences might be due to differences in the type of stressor, as well as temporal 

parameters among other variables. This provides evidence for the necessity of valid 

criteria for models of PTSD or other stress related disorders (See Chapter 1 for a list of 

these criteria in for animal models of PTSD and Chapter 6 for a review of caveat of 

animal models). 

Some have argued that the neurobiological basis of increases in anxiety-like behavior 

involves structural changes within the amygdala complex as well as a decreased 

inhibitory constraint of neuronal excitation from the mPFC. Consistent with this idea, 

exposure to a stressor appears to increase dendritic spines and arborization in the 

basolateral nucleus of the amygdala (Vyas et al., 2002; Vyas et al., 2004; Mitra et al., 

2005). Severe stress also causes alterations in the electrical excitability of the fear circuit, 

including the amygdala, the periaqueductal gray, and the hippocampus (Adamec, 2003). 

Severe stress may also induce long-lasting plasticity in both efferents and afferents of the 
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amygdala – an effect that might underlie many of the behavioral changes observed 

following stress (Adamec, 2003).  

Apart from the amygdala and the hippocampus, recently the mesolimbic pathway has 

been implicated in animal models of stress. A recent study in mice identified the 

mesolimbic dopamine system as a key contributor to the resistance to social defeat 

(Krishnan et al., 2007). This study showed that animals who underwent social defeat 

develop deficits in sensitivity to natural rewards and increases in drug seeking behavior 

as seen in human PTSD patients. Other studies have shown that VTA cells show 

electrophysiological changes in response to stress. Anstrom and Woodward (2005) 

showed that VTA dopamine neurons increased firing rates as well as bursting during 

acute stress compared to baseline. Moore and colleagues (2001) demonstrated that long 

term chronic cold exposure yielded fewer spontaneously active neurons. 

The evidence from these studies suggests that the changes observed in human 

patients and in many of the animal models are similar. This suggests that animal models 

of PTSD have construct validity.  

These models do not include an explanation of symptoms such as decreases in 

reward sensitivity and increases in addictive behaviors or pain sensitivity in terms of 

reward-related areas. This dissertation proposes a model that may explain the appearance 

of these symptoms.  
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2.7 The Ventral Tegmental Area: from reward to stress 

The ventral tegmental area lies medial to the substantia nigra and ventral to the red 

nucleus in the midbrain (Fields et al., 2007) (See Figure 2.11 for localization of this area). 

The function of this area was largely ignored until the discovery that neurons in this 

region contain dopamine. Additionally, this area has widespread connections to limbic 

areas implicated in motivation and positive reinforcement (Fields et al., 2007). Finally, 

the finding that dopamine neurons in this area respond to juice rewards in non-human 

primates increased interest in this area (Schultz, 1998).  

2.7.1 Pharmacology and Physiology of the VTA  

2.7.1.1 Pharmacology 

The VTA is usually identified as a dopaminergic region. Fewer than 60% of the 

neurons in this area in the rat are, however, dopaminergic (Margolis et al., 2006; Nair-

Roberts et al., 2008). The remaining neuron populations are GABA and glutamate-

containing. About one third of VTA neurons can be cytochemically identified as 

GABAergic neurons (Margolis et al., 2006; Nair-Roberts et al., 2008). Recent studies 

have shown that a small population of the cells in this region also contains glutamate 

(Nair-Roberts et al., 2008). 

2.7.1.2 Physiology 

There has been controversy over the electrophysiological identification of dopamine 

neurons in the rat in vivo. The debate has centered on both the electrophysiological and 

pharmacological characterization of VTA dopamine neurons. In vitro studies show that, 
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although some tyrosine hydroxylase positive neurons do fit electrophysiological 

characterizations, there are other neurons that do not. Those studies also indicate there are 

tyrosine hydroxylase negative neurons with characteristics thought to be exclusive to 

dopamine neurons (Johnson and North, 1992; Cameron et al., 1997; Margolis et al., 

2006). Many have argued that, because these studies are in vitro, they may not fully 

characterize these cells. In addition, some of these studies used immature rats as subjects.  

The activity patterns of dopamine neurons and the expression of dopaminergic 

autoreceptors in young rats may differ significantly from those of adult rats (Grace et al., 

2007). Moreover, whole-cell patch clamp recording in combination with 

immunohistochemical detection of tyrosine hydroxylase expression can guarantee 

positive but not negative dopamine identification in the VTA (Zhang et al., 2010).   

An additional difficulty with the previously used classification system is the 

discovery of a third population of neurons in the VTA that have glutamate as their 

neurotransmitter (Margolis et al., 2006; Nair-Roberts et al., 2008). This population shares 

many electrophysiological and pharmacological characteristics with tyrosine hydroxylase 

containing neurons, making it difficult to distinguish between them. A fruitful approach 

that has been used to separate different populations of neurons consists in the delineation 

of clusters using different characteristics of neuronal firing rate and action potential shape 

(Anstrom and Woodward, 2005; Roesch et al., 2007; Wang and Tsien, 2011). 
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2.7.2 Connectivity  

2.7.2.1 Inputs 

This brainstem region receives direct inputs from the hypothalamus, amygdala, 

and PFC. Sesack and Pickel (1992) found that the VTA receives glutamatergic inputs 

from the prefrontal cortex, and Wallace et al., (1992) found that it receives direct inputs 

from the amygdala. The VTA also receives indirect inputs from the PFC and the 

amygdala via the pedunculopontine tegmental nucleus and the laterodorsal tegmental 

nucleus, two of the major sources of inputs to this area (Fields et al., 2007). The 

laterodorsal tegmental nucleus gets a heavier input from PFC, whereas the 

pedunculopontine tegmental nucleus has a larger input from the amygdala (Semba and 

Fibiger, 1992). Apart from direct and indirect inputs from the amygdala and PFC this 

region also receives inputs from the hypothalamus. The VTA has glutamate containing 

afferents from the lateral hypothalamus and bed nucleus of the stria terminalis (see Fields 

et al., 2007 for a recent review). 

2.7.2.2 Outputs 

The VTA projects densely to limbic areas such as the prefrontal cortex, the 

amygdala, and the lateral hypothalamus (Fields et al., 2007). The hippocampus, 

entorhinal cortex, and lateral septal area also receive smaller projections (Fields et al., 

2007). The majority of VTA cells send projections that release dopamine. However, there 

are neurons within this region that send glutamatergic projections.  

The most prominent dopamine projections arising from the VTA go to the 

amygdala, hippocampus and related medial temporal lobe regions, the nucleus 
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accumbens, and the prefrontal cortex. These efferent pathways involve different 

proportions of dopamine projections. The amygdala and the entorhinal cortex receive 

strong dopamine projections (53% and 46% of projections are dopaminergic, 

respectively). The PFC and the hippocampus have a smaller proportion of dopamine 

projections, where 30% to 40% and 6% to 18% contain this neurotransmitter, 

respectively (Fields et al., 2007).  

 

 

 

 

 

The VTA also sends GABAergic and glutamatergic projections to many brain 

regions. A significant proportion of VTA afferents to the PFC contain GABA (Margolis 



 
102 

 
et al., 2006). Additionally, electrophysiological studies indicate glutamatergic projections 

from the VTA to the PFC (Fields et al., 2007).  

 

These data demonstrate that the VTA receives from, and projects to, regions vital 

for PTSD symptomatolgy. The efferents and afferents are rich in various 

neurotransmitters. These strong and diverse connections may explain the complexity of 

the behaviors and experiences that arise from the activation of this area including 

intricate behaviors and states such as reduced reward sensitivity, hyperarousal, increased 

pain perception, and re- experiencing symptoms seen in PTSD (See Figure 2.10C for a 

depiction of the major efferent and afferent projections of the VTA).  

2.7.3 Reward, Motivation and the VTA 

Neurons in the midbrain ventral tegmental area have been implicated in the 

acquisition and expression of learned appetitive behaviors and the addictive power of 

drugs (Wise and Rompre, 1989; Schultz, 1998; Volkow et al., 2007; Wise, 2008). 

Consistent with a role in reward processing, in vivo recordings show that VTA neurons 

fire when animals receive an unexpected reward (Mirenowicz and Schultz, 1994; Schultz, 

1997). In primates, VTA neurons also respond to cues that predict future rewards and it 

has been theorized that these neurons code a reward prediction error (Schultz, 1997). 

Consistent with nonhuman primate studies D´Ardenne and colleagues (2008) 

described VTA responses to the experience of primary and secondary rewards. VTA 

activation increased in response to both primary (juice) and secondary (money) rewards, 

consistent with the theory that activity from this area conveys a positive reward 
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prediction error (D'Ardenne et al., 2008). However, this study did not show changes in 

activity when the reward was omitted, as would be expected with a negative reward 

prediction error.  

Carter and colleagues (2009) found that the activation in reward-related regions, 

specifically the nucleus accumbens and the VTA, increased during both gain and loss 

anticipation. Moreover, they found individual differences in reward sensitivity and that 

these modulated the relative responses to gains and losses. More reward-sensitive 

individuals exhibited relatively more activation to gains compared to losses (Carter et al., 

2009).  

The results shown here, both in animals and humans, demonstrate a strong 

connection between reward-related processes and the ventral tegmental area. The 

functional role of the VTA has focused on reward and motivated behavior. However, 

recent evidence has shown that it also has a role in stress, fear and pain.  

2.7.4 Stress, Anxiety and the VTA 

The effects of stress on VTA cells are under active investigation and very little is 

known about the electrophysiological changes that occur days after exposure to stress. 

Most studies involving VTA neuronal electrophysiology either examine acute or chronic 

stress but never long-term effects of a single traumatic stressor. Anstrom and Woodward 

(2005) previously showed that restraint increased mean firing rate in all VTA dopamine 

neurons and it preferentially augmented burst firing in neurons with higher burst rates 

during baseline. Moreover, they showed that increased burst firing can persist 24 hours 

after a single exposure to stress (Anstrom and Woodward, 2005). Valenti and colleagues 
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(2011) showed that a stressor may increase the number of active dopaminergic neurons in 

the VTA, when measured within 24 hours of the last stress episode. Moore et al. (2001) 

demonstrated that chronically cold exposed rats displayed 64% fewer spontaneously 

active VTA/ medial substantia nigral neurons. Very little research examining the long- 

lasting effects of trauma on VTA neuronal electrophysiology has been conducted. Here 

we propose to study the long-term electrophysiological changes in VTA putative 

dopamine neurons that occur after a traumatic event (Moore et al., 2001). 

2.7.4.1 PTSD patients 

and reward 

related areas 

To the author’s 

knowledge, no research has 

examined VTA functionality 

in PTSD patients. There is, 

however, evidence showing 

deficits in brain reward and 

reinforcement circuits in 

PTSD patients (Hopper et al., 

2008; Elman et al., 2009). 

Vietnam veterans with and 

without PTSD were scanned 
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during a passive reward task. Veterans with PTSD showed less activation of the nucleus 

accumbens during the task compared to non-PTSD counterparts (Elman et al., 2009) (See 

Figure 2.10). Similarly PTSD patients also self-reported reduced reward sensitivity in 

response to this task (Hopper et al., 2008). 

Further evidence showing the involvement of dopamine containing areas, like the 

VTA, is co-ocuring drug abuse. The high co-morbidity of PTSD with drug addiction 

points to a dysregulation of dopamine related areas (Kofoed et al., 1993; Najavits et al., 

1997).  Additionally, the efficacies of pharmacological treatments that increase dopamine 

release has been shown to improve some syptoms in some patients. A study indicated that 

psychostimulants, which enhance dopamine release, were effective at ameliorating 

symptoms in three combat-related PTSD patients (Houlihan, 2010).  

2.7.4.2 PTSD neurocircuitry and Dopamine 

In animal studies, it was shown that dopamine is released in the amygdala during 

stressful situations (Young and Rees, 1998; Inglis and Moghaddam, 1999). This increase 

in dopamine occurs during fear conditioning and during exposure to aversive stimuli 

(Young and Rees, 1998; Inglis and Moghaddam, 1999). Additionally, dopamine receptor 

agonists enhance a number of affective related behaviors (Lamont and Kokkinidis, 1998; 

Macedo et al., 2005; Macedo et al., 2007). 

Anatomical studies demonstrate that D1 and D2 dopamine receptors are highly 

expressed in the amygdala (Meador-Woodruff et al., 1991; Muly et al., 2009). Nader and 

LeDoux (1999) showed that D1 receptor antagonists (SCH 23390) support the retrieval of 
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fear, whereas Guarrici and colleagues (1999) found that D1 receptor antagonists injected 

in the basolateral nucleus of the amygdala impairs the formation and retrieval of 

conditioned fear, when administered before testing (Guarraci et al., 1999; Nader and 

LeDoux, 1999). Additionally, dopamine D2 antagonists eticlopride and raclorpide reduce 

conditioned fear when infused in to the amygdala prior to acquisition or prior to testing 

(Guarraci et al., 2000; Greba et al., 2001). Stress exposure has been observed to result in 

an increase of dopamine utilization in the medial prefrontal cortex (Pezze and Feldon, 

2004). Several studies have also reported that dopamine in the mPFC, measured using in 

vivo microdialysis or voltometry, is increased by a variety of stressors, such as handling, 

conditioned and conditioned stress as well as foot-shock (Kawahara et al., 1999; 

Feenstra, 2000; Beaufour et al., 2001). Similarly, dopaminergic lesions of the mPFC 

delay fear extinction (Pezze and Feldon, 2004). Moreover, the infusion of an anxiolytic 

(R (+) HA-966) into the VTA produces a reduction of both behavioral fear response and 

dopamine response in the mPFC to fear conditioned stimulus (Morrow et al., 1999). 

These studies show that mesolimbic dopamine plays a critical role in the fear and 

stress pathway. Thus, this evidence further implicates the VTA and its dopaminergic 

neurons in the neurocircuitry of PTSD.   

2.7.4.3 New model of PTSD neurocircuitry integration of the VTA 

Given the heterogeneity of PTSD symptoms (hyperarousal, avoidance and re- 

experiencing symptoms) and the medical (chronic pain, respiratory and cardiac disorders) 

and psychiatric (other anxiety and mood disorders and substance abuse) co-morbidity, it 

is likely that the neural substrate involved also varies from patient to patient. A possible 
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explanation for the wide differences in relative strength of symptoms may reside in the 

dysregulation of a brain region that has widespread connections to various areas involved 

in perception, learning, memory and other cognitive and emotional functions such as the 

VTA. Compatible with previously described models (Shin et al., 2006; Yehuda and 

LeDoux, 2007; Liberzon and Sripada, 2008), we propose that the hippocampus processes 

contextual information related to the trauma (Payne et al., 2003; Payne et al., 2007) and 

that the medial prefrontal cortex regulates the degree to which the amygdala expresses 

emotional response. In our conceptual model the VTA modulates the activity of these 

three areas and indirectly regulates emotional responses to the traumatic event both in the 

short term and in the long term. Throughout this dissertation data will be presented to 

support the role of the VTA in the stress response and its possible role in anxiety 

disorders such as PTSD.  
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CHAPTER 3 

3  RODENT MODEL OF POST TRAUMATIC STRESS DISORDER 

Animal models have the potential to provide insights into the etiology, course and 

possible novel treatments of many psychiatric illnesses, including post-traumatic stress 

disorder. A widely accepted class of PTSD animal models relies on an inescapable foot-

shock paradigm. This type of animal model has shown numerous symptomatic and 

physiological similarities with human PTSD (Stam, 2007). Such a paradigm is also a 

suitable model because the types of trauma that gives rise to PTSD, such as rape or 

combat-related injuries, occur without the control of the individual.  

As mentioned in Chapter 1, there are various criteria that need to be met to 

presume a valid model of PTSD. An imperative criterion is that the behavioral and 

biological sequelae persist over time. It has been shown that a brief intense inescapable 

foot-shock together with subsequent situational reminders cause changes in behavior and 

neurobiology and that these effects remain up to 6 weeks after the traumatic event 

(Pynoos et al., 1996; Louvart et al., 2005). Another critical criterion for a good animal 
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model is that the studied subjects show individual differences in response to trauma. 

Geerse et al. (2006) reported that rats that exhibit high activity in open field tests showed 

significantly fewer anxiety-like behaviors and less nociception in comparison to those 

who had low activity after a single session of foot-shocks. In this chapter results to 

validate the proposed rodent model of PTSD will be reported. 

This chapter will show data that will provide evidence that the animal model used 

here meets many of the criteria set by Yehuda and Antleman (1993). The hypothesis is 

that the trauma inducing procedures used here will increase avoidance, anxiety-like 

behaviors as well as nociception mimicking symptoms seen in human PTSD patients. 

 

3.1 Materials and Methods 

3.1.1.1 Animals 

Forty-seven male Sprague–Dawley rats weighing 300 g to 400 g (33 behavioral 

and 14 cannula implanted) were studied. Animals were housed under a 12 hour dark–

light reversed cycle (lights off at 9:00 am). Behavioral testing was performed in the dark 

phase of the cycle. Animals had free access to food and water at all times. All protocols 

used in this study were reviewed and approved by the Institutional Animal Care and Use 

Committee (IACUC) at the University of Arizona.  
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In order to assess the behavioral effects of stress, each rat was subjected to a 

battery of tests before and after the trauma-inducing procedure, so that each rat was its 

own control. The timing of the experimental procedure is shown in Figure 3.1A and each  

test is discussed in detail below. 

 

3.1.1.2 Pre-shock tests  

Open Field Test 

Rats were placed in the center of a circular black arena (diameter of 152.4 cm, no 

obstacles) lined by a 30 cm high peripheral wall in a dark room. The animals were 

allowed to freely move for 5 minutes before being returned to their home cage. The 

position of the animal was recorded automatically using a video tracker (20-30 frames 

per second). Animals underwent open field testing four times before shock and on day 17 

after shock. The total moving time and distance were calculated.  This test was used to 

assess initial thigmotaxis. Thigmotaxis, or the tendency to remain close to walls, has been 

previously used as an index of anxiety in animals as well as in humans, and is indicative 

of a general bias to safety-seeking phobic behavior (Treit and Fundytus, 1988; Kallai et 

al., 2007). 

Nociception and Touch sensitivity Tests  

There is evidence that there are increases in pain sensitivity in PTSD patients 

(Asmundson et al., 2002). To assess whether this phenomenon was present in our rat 

model we tested for nociception and touch sensitivity, using the tail flick test and the Von 
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Frey test respectively the day before shock/sham procedures and again on days 8 and 17 

after the shock.   

Von Frey (touch sensitivity)  

Using a set of von Frey filaments, the foot withdrawal threshold for mechanical 

stimulation to the hind paw was determined (Chaplan et al., 1994). Each von Frey 

filament was applied perpendicularly to the plantar surface with sufficient force to bend it 

slightly and held for 2–3 s. An abrupt withdrawal of the foot during stimulation or 

immediately after the removal of the stimulus was considered a positive response. When 

there was a positive or negative response, the next weaker or stronger filament was 

applied, respectively. The test continued for four stimuli after the first change in response 

was obtained.  

Tail Flick (nociception) 

The withdrawal latency of the tail to a temperature stimulus was measured by 

immersing the distal third of the tail into a 52 ± 0.5 ◦C waterbath. Cut-off time was set at 

10 s to avoid skin damage. Rats underwent this test three times with a 5 min interval 

between each trial. Each day the three measurements were averaged to obtain the 

withdrawal latency in seconds.  This test was conducted 3 times throughout the protocol, 

on day -1 and days 8 and 17 after shock.  

3.1.1.3 Trauma inducing procedure  

The trauma procedure consisted of a single exposure to a foot-shock followed by 

three re-exposures (situational reminders) on days 3, 5 and 7 (Pynoos et al., 1996; 

Louvart et al., 2005). The apparatus used for the shock procedure consisted of a 
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plexiglass chamber (54 x 110 x 40 cm high) subdivided into two equal-sized 

compartments separated by a guillotine door: a lighter first compartment and a darker 

second compartment (Figure 3.1A). On the shock day, each rat was placed into the lighter 

compartment of the two-sided box. After a 3 min adaptation period, the guillotine door 

was opened and a bright light located in this compartment was turned on for 20 sec. The 

door remained open until the animal entered the second compartment. The door was 

closed as soon as the rat crossed. After another 3 min adaptation period the rat received 

an inescapable continuous 2 mA foot-shock for 10 sec. The shock delivered was 

scrambeled throughout the grids in the shock box. The sham group received the same 

treatment but the shock was not given. The two groups were re-exposed to the context of 

the trauma (situational reminders) for 2 minutes once every 2 days for 3 days. This was 

achieved by placing the animal in the lighter compartment with the guillotine door 

opened. The exposure to the shock box was kept short to prevent extinction. The total 

time spent and number of crosses to the shock compartment were measured. 

To investigate long-term behavioral sequelae anxiety behaviors were tested two 

weeks after the trauma-inducing procedure.  Animals were tested in 3 different apparati: 

the black and white box (also referred as light and dark box, Costall et al 1989), the 

elevated plus maze (Pellow et al., 1985; Walf and Frye, 2007) and the open field (Ohl, 

2003). (See Figure 3.1B for a full depiction of the protocol). 
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3.1.1.4 Anxiety testing 

Black and White Box Test  

Fourteen days after the shock or sham procedures, rats were tested in the black 

and white box (Costall et al., 1989). The apparatus consisted of a plexiglass chamber 

subdivided into two compartments: a black compartment (30 x 32 x 40 cm high) and a 

white one (45 x 32 x 40 cm high). The black compartment was illuminated with a red 

light, while the white compartment was intensely illuminated by a bright white light. The 

compartments were connected by a small divider (10 x 15 cm high) with an semi-circular 

shaped opening. Each rat was placed into the white compartment facing the wall opposite 

to the opening. The latency to enter the dark compartment, time spent in each 

compartment, and the total number of crosses to the white compartment were assessed for 

5 minutes. A four-paw criterion was used for compartment entries.  

Elevated Plus Maze Test 

On day 15 after the shock or sham procedures, rats were tested on the elevated 

plus maze (Pellow et al., 1985). The wooden apparatus consisted of two open arms (50 x 

10 cm) alternating at right angles with two arms enclosed by 40 cm high walls. The four 

arms delimited a central area of 100 cm2 (10X10 cm). The apparatus was placed 60 cm 

above the floor in a well lit room. The test began with the placement of the rat at the 

center of the maze with its head facing a closed arm. The time spent in the open and 

closed arms was recorded and expressed as a percentage of the total time spent in the 

apparatus. A four-paw criterion was used for arm entries.  
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3.1.1.5 Statistical Analyses  

 All statistical analyses were conducted using SigmaStat software (SYSTAT, San 

Jose, California). Statistics were performed using the Mann-Whitney non- parametric test 

(sham, shock groups) or using an analysis of variance (Two way repeated measures 

ANOVA) with time (day 3, day 5, and day 7 for SRs or day -1, day 8, and day 16 for 

nociception and touch sensitivity tests) as a between-factor. A significant difference was 

indicated by *=p<0.05 or **=p<0.01. 
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3.2  Results 

3.2.1.1 Validation of the Rat Model of PTSD 

Situational Reminders 

In order to mimic the conditions in which humans experience most traumatic 

events (most PTSD patients are re-exposed to the context of the trauma), rats underwent 

3 short situational reminders.  On days 3, 5 and 7, animals were placed in the non-shock 

(safe, light) compartment of the shock cage with the guillotine door opened, and the total 

amount of time spent in each compartment was measured. Animals in the shock group 

avoided the black compartment in which the trauma procedure was induced, whereas 

animals in the sham group spent about a third of the time in the shock compartment 

(Figure 3.2A, two-way repeated measures ANOVA). There was a significant effect of 

receiving a foot-shock on the total time spent in the shock compartment during 

subsequent situational reminders (F (1, 27) = 43.218, p < .001).  Rats who received 

inescapable foot-shock had higher avoidance for shock compartment. There was no 

significant increase in time spent shock compartment over time, that is between 

situational reminder 1, situational reminder 2, and situational reminder 3 (F (1,27) = 2.114, 

p > .05). There was no significant interaction between exposure to inescapable foot-shock 

and change over time in time in compartment (F(1,27) = .0529, p >. 05). These results 

demonstrated that animals that received the foot-shock showed high avoidance of the 

trauma chamber up to 7 days after being shocked. In this dissertation, the trauma-

inducing procedure refers to the shock day and the 3 situational reminders. 
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Fecal boli were counted to measure stress levels during shock and subsequent 

situational reminders. There was a significant effect of receiving a foot-shock on the total fecal 

boli excreted during shock and situational reminders (F (1, 31) = 9.652, p < .01).  Rats who received 

inescapable foot-shock had higher fecal boli count in all exposures to shock box. There was no 

significant differences in fecal boli count troughout the different exposures (F(1,31) = 1.860,  

p>.05). Likewise, there was no significant interaction between exposure to inescapable foot-

shock and fecal boli count throughout the different exposures to the shock cage (shock or 

situational reminders (F(1,31) = 1.860, p >.05). That is, fecal boli count remained the same during 

shock  procedure and subsequent situational reminders. 
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Anxiety Tests 

One of the main criteria for a valid PTSD animal model is to have long lasting 

behavioral effects in response to a brief stressor (Yehuda and Antelman, 1993; Siegmund 

and Wotjak, 2006; Stam, 2007). To investigate long-term behavioral sequelae we tested 

anxiety behaviors two weeks after the foot-shock, using the black and white box, the 

elevated plus maze and the open field tests. The black and white box is a well validated 

anxiety test in which animals that are more anxious spend less time in the white 

compartment, and have decreased general ambulation including decreased crosses back 

to the white compartment (Costall et al., 1989; Chaouloff et al., 1997; Louvart et al., 

2005).  The elevated plus maze is also used to assess the general level of anxiety of the 

animals in an environment entirely different from that of the trauma, but of 

commensurate spatial scale (Pellow et al., 1985; Walf and Frye, 2007). The open field 

test is used to assess the general level of anxiety (expressed by thigmotaxis) in a different 

environment than during trauma and at a different spatial scale (Treit and Fundytus, 

1988; Ennaceur et al., 2006). These tests are briefly described next. 

 

Black and White Box 

  On day 14 after the shock day, animals were tested in the black and white box and 

the latency to escape the white compartment, total time in the white compartment and 

total number of white compartment re-entries were assessed. The latency to escape from 

the white compartment was on average 7.06 s for the sham group, and the total time spent 
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in this compartment was on average  47.5s . The animals that experienced the electrical 

foot-shock had significantly longer latencies to escape (average 15.13 s, U= 78.50 p<0.05 

Mann-Whitney Ran Sum Test), and spent less time in the white compartment (average 

27.13 s n=16, U= 58.50 p<0.05, Mann-Whitney Ran Sum Test; see Figure 3.3A and B). 

The average number of white compartment re-entries was significantly different between 

the shock and the sham groups (U=220, p<.01, Mann-Whitney rank sum test; see figure 

3.3C). These results show that shocked rats took longer to cross to the black compartment 

and rarely crossed back to the white compartment indicating that these animals showed 

more anxiety-like behaviors than their sham counterparts.  

An ineresting result shown by this data is that although shock animals have a 

siginificantly lower total time in white compartment, they also have a siginificalty higher 

latency to escape. Bolles and Collier (1976) found that shock exposed rats are more likely 

to freeze in a non-shock environment than sham conterpats. Fanslow (1980) proposed 

that post-shock freezing is a result of contextual stimuli that has been paired with the 

shock.  More recently, Wiltgen and Silva (2007) showed that context memories loose 

details over time. They showed that mice showed comparable freezing in a non-shock 

context as in the shock context 28 days after shock. These results may explain the initial 

longer latencies to escape from white compartment. The similarities between the shock 

box and the black and white box may cause generalization of context within the first few 

seconds of the test. However, in the following minutes the anxiety indicung 

characteristics of this test prevails and shock rata avoid the brightly lit white 

compartment.  
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Elevated Plus Maze 

On day 15 after foot-shock, the rats were tested on the elevated plus maze. The 

total time and number of entries in the open and closed arms were recorded. The average 

number of open arm entries in the shock group was significantly smaller than that of the 

sham group (U=81, p<.01, Mann-Whitney Ran Sum Test; Figure 3.2C). The 

openarm/closed arm time ratio was calculated and was found to be significantly different 

between the two groups (0.077for shock and 0.246 for sham U= 109 p<0.05 Mann-

Whitney rank sum test). The total time spent in the open arms was also significantly 

different (15.82 s and 37.98 s for the shock and sham group respectively; t(23)=2.319, 
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p<0.05Student’s t-test). These data demonstrate that the rats in the shock group expressed 

a higher level of anxiety than those in the sham group. 

 

Open Field Test  

The post shock open field test was conducted 16 days after the foot-shock and the 

distance and time spent within the center of the field were measured. Rats in the shock 

group spent significantly less time in the center of the field after the shock procedures 

versus before (average 53.55s before and 23.14s after, F(1,23)= 6.39 two-way repeated 

measures ANOVA p<0.05). There were no differences in the time spent in the center of 
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the field in the sham group (average 54.68s before and 46.23s after, See Figure 3.5A). 

Because of the natural variability in thigmotactic behavior between rats, the time in the 

center was normalized on an animal-per-animal basis with respect to the times in the 

center obtained during the open field test performed before the trauma-inducing 

procedures. A significant difference in the time spent in the center of the field was 

observed (t(19)=2.845, p <0.05; Figure 3.2D).  

 

Nociception and Touch Sensitivity 

One of the major health complaints expressed by PTSD patients is increased 

sensitivity to pain and other general pain disorders including chronic pain (Asmundson et 
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al., 2002). To assess whether such an increase was present in our rat model, we tested for 

nociception and touch sensitivity using the tail flick and the Von Frey tests, respectively. 

We tested the animals on 3 occasions: the day before shock, and 8 and 17 days after 

shock.  There was no significant effect on nociception when comparing shock and sham 

in all tail flck tests (F (1, 23) = 3.334, p >.05).  However, there was a significant increase in 

nociception over time specifically in the shock group between before shock and 17 days 

after shock (F (1,23)= 3.386, p > .05). There was also a significant interaction between 

exposure to inescapable foot-shock and change over time in nociception (F (1,23)= 4.330, 
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p>. 05). That is there was a significant difference in normalized nociception between 

shock and sham  17 days after shock procedures (see Figure 3.6A).Interestingly, this 

increase in nociception did not appear to result from a change in touch sensitivity since 

there was no significant difference in this sensitivity between the two groups, or across 

days (Figure 3.6B). There was no significant effect of receiving foot-shock on touch 

sensitivity (F (1, 28) = 0.678, p <.05).  Likewise, there was no significant effect touch 

sensitivity throughout time (F (1, 28) = 1.98, p < .05). Finally, there was no interaction 

between exposure to shock and increases in touch sensitivity (F (1,23) = 0.154, p <. 05). 

These results demonstrate that shock animals have heightened responses to nociceptive 

stimuli (hyperalgesia) but no change in touch sensitivity (allodynia).  

 

The results shown in the black and white box, elevated plus maze and open fields, 

as well as the nociception test indicate that the trauma-inducing procedure used here is 

capable of inducing anxiety-like behaviors that persist over time and results in a change 

in nociception akin to that observed in humans.  

 

3.2.1.2 Individual Differences 

Pre-shock Open Field Tests 

Animals were separated into high thigmotaxis and low thigmotaxis groups using 

the open field test. Before the shock procedure, animals were allowed to freely move for 

5 minutes four times in an open field (see specifications in Methods section).  This test 
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was used to assess the distance that animals moved within the outer most 3rd of the open 

field and hence measured initial thigmotaxis. This measure is thought to assess neo-

phobia and possibly initial anxiety. The open field test was used to separate animals into 

high and low thigmotaxis groups (high and low initial anxiety). This was achieved by 

plotting the average distance in the center on days 1 and 3 against the average on days 2 

and 4 and then separated through a median split (See Figure 3.7A).  Example traces of the 

trajectories of a high thigmotaxis and low thigmotaxis rat can be seen in Figure 3.7B. 

Out of the total experimental subjects, 16 and 17 animals had high and low 

thigmotaxis scores, respectively. The average distance traveled in the center in the low 

thigmotaxis group was 4.44 meters, whereas the high thigmotaxis group had a 

significantly lower total distance traveled average (0.97 meters; Mann-Whitney rank sum 

test p <0.01). Once animals were separated into high and low thigmotaxis groups they 

were further divided into shock and sham groups. Nine out of 16 high and 7 out of 17 low 

thigmotaxis rats were shocked. The average distance traveled in the center were 4.04 

meters, 0.91 meters, 4.89 meters, and 0.97 meters in the low and high thigmotaxis sham 

group and in the low and high thigmotaxis shock groups respectively.  The total average 

distances for the shock and sham group were comparable (2.58 meters and 2.68 meters 

for sham and shock group) and the no significant differences were found (Mann-Whitney 
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rank sum test). 

 

These data show that animals were evenly split. The average distance traveled in 

the center was equivalent in both groups (sham and shock).  This demonstrates that the 

open field test can be a good method to assess individual differences in animals. Thus, 

individual differences were found using this method where high thigmotaxis rats showed 

higher anxiety-like behaviors as well as nociception compared to their low thigmotaxis 

counterparts.  
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Situational Reminders 

Animals in the low and high thigmotaxis shock groups avoided the black 

compartment where the trauma procedure was induced. No significant differences 

between these groups were found although a trend is observed: Animals in both sham 

groups spent about a third of the time in the shock compartment (Figure 3.8A).  The 

fraction of time spent in this compartment did not differ significantly throughout the three 

exposures in either group, although a trend in increase-in-time is observed in both low 

thigmotaxis groups (38.28s, 46.69s and 47.56s for sham and 6.7, 8.57 and 11.85s for the 

shock low thigmotaxis group). There was a significant effect of thigmotaxis and 

receiving a foot-shock on the total time spent in the shock compartment during 

subsequent situational reminders (F (1, 25) = 14.279, p < .001).  Rats who received 

inescapable foot-shock had higher avoidance for shock compartment. There was no 

significant increase in time spent shock compartment over time, that is between 

situational reminder 1, situational reminder 2, and situational reminder 3 in all groups 

(F(1,25) = 2.037, p > .05). There was no significant interaction between exposure 

thigmotaxis and shock exposure and change over time in time in compartment (F(1,25) = 

.0607, p >. 05).These results demonstrated that the animals that received foot-shock 

showed high avoidance of the trauma chamber up to 7 days after being shocked. 

Moreover, although there were no significant differences in the time spent in the black 

compartment, a trend was observed where low thigmotaxis animals showed less 

avoidance (Figure 3.8A).  
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Fecal boli were counted to measure stress levels during shock and subsequent situational 

reminders. There was a significant effect of thigmotaxis and receiving a foot-shock on the total 

fecal boli excreted during shock and situational reminders (F (1, 29) = 3.017, p < .05).  Rats who 

received inescapable foot-shock had higher fecal boli count in all exposures to shock box 

irrespective of the thigmotactic group. There was no significant differences in fecal boli count 

throughout the different exposures to the shock cage (F(1,29) = 1.916, p >.05). However, there 

was significant interaction between exposure to inescapable foot-shock and thigmotactic group 

type and fecal boli count throughout the different exposures to the shock cage (F(1,29) = 2.138, p 

>.05).  
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Anxiety tests 

Black and white box 

If separated into low and high thigmotaxis groups significant differences were 

found within the shock group in the black and white box test. The percentage of time 

spent in the white compartment was 20.5%, 13.1%, 11.1%, 7.0% for sham low 

thigmotaxis, sham high thigmotaxis, shock low thigmotaxis and shock high thigmotaxis 

respectively. Significant differences were found between sham low thigmotaxis and 

shock high thigmotaxis (F(3,27)=3.678 p<0.01 one way repeated measures ANOVA). The 

average number of white compartment re-entries was significantly different for the sham 

low thigmotaxis and shock high thigmotaxis as well as between the two shock groups 

(See Figure 3.9A). These results show that not only are there differences between 

shocked and sham rats; there are also individual differences that can be predicted by 

initial thigmotaxis. In general high thigmotaxis rats spent less time in the white 

compartment and rarely crossed back to the white compartment, which seemingly 

indicates that these animals were more anxious than their low thigmotaxis counterparts.  

Elevated Plus Maze 

Similarly, if separated into low and high thigmotaxis groups significant 

differences were found within the shock group in the elevated plus maze test. The 

average number of open arm entries in the high thigmotaxis shock group was 

significantly smaller than that of the low thigmotaxis shock group (0.57 and 1.8 
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respectively; F( 3,21)= 6.75 p<.05 one way ANOVA) (See Figure 3.9B). Significant 

differences in the average number of open-arm entries were also found between the low 

thigmotaxis sham group and the high thigmotaxis shock group (F= p<.05 one-way 

ANOVA). The percentage of time spent in the open arms was also significantly different 

(15%, 9%, 6%, 3% for sham low thigmotaxis, sham high thigmotaxis, shock low 

thigmotaxis and shock high thigmotaxis groups respectively).  These results were 

significantly different for the sham low thigmotaxis and shock high thigmotaxis as well 

as between the two shock groups (F(3,21) = 4.209 p<.05 one-way ANOVA). Congruent 

with what was shown in the black and white box, these data demonstrate that there are 

long-term individual differences in response to trauma. 

 

Open Field Test  

Individual differences were also observed in the post shock open field test. Rats in 

the high thigmotaxis shock group spent significantly less time in the center of the field 

after the shock procedure. Due to the natural variability in thigmotactic behavior between 

rats, the time in the center was normalized on an animal-per-animal basis with respect to 

the initial times assesed before the shock. The normalized average time was 0.043, 0.58, 

0.63, and 0.90 in the high and low thigmotaxis shock groups and high and low 

thigmotaxis sham groups respectively (See Figure 3.9C). A significant difference in the 

time spent in the center of the field was observed between sham low thigmotaxis and 

shock high thigmotaxis as well as between the two shock groups (H(3)=11.028  p<.05 

one-way ANOVAon ranks ).   
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Nociception and Touch Sensitivity 

If separated into low and high thigmotaxis, significant differences were found 

within the shock group in both the nociception test (tali flick) and touch sensitivity (von 

Frey) test. Animals in the high thigmotaxis group that underwent shock had a 

significantly shorter latency in removing their tail than those in the low thigmotaxis 

group, as shown in Figure 3.10A The latency to remove the tail did not differ 
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significantly throughout the three different test days in any of the sham groups as well as 

in the low thigmotaxis shock group (wo-way repeated measures ANOVA, Figure 3.10A).  

There was a significant effect of thigmotaxis and receiving foot-shock on nociception (F 

(3, 21) = 3.273, p >.05).  Likewise, there was also a significant interaction between 

exposure to inescapable foot-shock and change over time in nociception in the shock 

group (F (1,23) = 4.330, p >. 05). There was a significant difference in normalized 

nociception between days -1 and 8 as well as 17 after shock procedures.There was no 

significant difference in touch sensitivity across days in all groups (F(3,26) = 0.940, p>.05; 

See Figure 3.10B). These data demonstrate that high thigmotaxis rats might have a 
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heightened risk for the appearance of heightened nociception, and this risk is increased 

when exposed to trauma.  

 

3.3 Conclusions 

Consistent with previous animal models, the experiments described here 

demonstrate that a brief intense inescapable foot-shock followed by three situational 

reminders can cause long-term behavioral changes. These sequelae include behaviors 

such as avoidance of the traumatic context and increased anxiety (as shown in Figure 

3.2). Furthermore these long-term anxiety-like behaviors are accompanied by increases in 

nociception (demonstrated in Figure 3.3) compatible with what is experienced by some 

PTSD patients.  

 The data also demonstrate that the animal model used here is a valid one. Using 

this model it is possible to observe that the behavioral and biological sequelae persist 

over time (2 and a half weeks). Moreover, individual differences in response to trauma 

are also observed. Finally, data not shown here but explored in our laboratory 

demonstrate that anxiety-like behaviors are lessened if first line treatments for PTSD are 

used (paroxetine), supporting face validity for this model.  
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CHAPTER 4 

4 ROLE OF THE VENTRAL TEGMENTAL AREA IN ANXIETY-LIKE 

BEHAVIORS IN RATS 

 

Previous animal studies involving dopamine VTA cell electrophysiology and 

stress have investigated the effects of acute or chronic stress but very rarely considered its 

long-term effects (defined here as more than two weeks after stress). Studies have shown 

that there are increases in VTA dopamine cell firing rates and bursting in response to a 

single exposure to an acute stressor and that these increases could persist up to 24 hours 

after this exposure (Anstrom and Woodward, 2005). Consistent with these studies Valenti 

and colleagues (2011) showed that a stressor may increase the number of active 

dopaminergic neurons in VTA, when measured within 24 hours of the last stress episode 

(Valenti et al., 2011).  

On the other hand, chronic stress has been shown to reduce VTA cell activity. 

Moore and colleagues (2001) found that long-term (more than 17 days) chronic cold 
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exposure yielded fewer spontaneously active VTA and medial substantia nigra neurons. 

However, in this study, the firing rates in the cells that remained active did not differ 

significantly from controls (Moore et al., 2001).   

A recent study identified the mesolimbic dopamine system as a key contributor to 

resistance to social defeat expressed in mice (Krishnan et al., 2007). Interestingly, this 

study showed that affected animals exhibited deficits in sensitivity to natural rewards 

(sucrose preference) and increases in drug seeking behavior (cocaine place preference) as 

seen in human PTSD patients.  

Previous animal studies involving the effects of stress on the electrophysiology of 

VTA cells have investigated the effects of acute or chronic exposures to stress. Studies 

shown here provide information about both the short and long-term effects of traumatic 

stress on VTA neurons. The main hypothesis is these set of experiments is that dopamine 

neuron baseline fring rates will siginificantly decrease long-term after exposure to 

trauma.  

Addtionally, pharmachological inactivation of the VTA will be used to explore 

the role of this area.The hypothesis for these experiments is that VTA is involved on the 

appearance of anxiety-like behaviors in a rodent model of posttraumatic stress disorder.  

4.1 Materials and Methods 

Fifty-three male rats weighing 300-400 g (33 behavioral and 14 cannula 

implanted and 6 hyperdrive implanted) were studied. These animals were housed under a 



 
136 

 
12 hour dark–light reversed cycle (lights off at 9:00 am). The behavioral testing was 

performed in the dark phase of the cycle. The rats had free water at all times. All 

protocols used to complete this study were reviewed and approved by the Institutional 

Animal Care and Use Committee (IACUC) at the University of Arizona.  

Handlnig Procedures 

 Cannula and hyperdrive implanted animals were implanted prior to implantation 

as well as after implantation. Cannula implanted rats were handeled for 15 min for two 

consecutive days 2 days prior to implantation. These rats were also handled for one 

additional day after implantation where the injections were simulated. These handling 

procedures were performed to reduce stress during injection procedures. 

 Hyperdrive animals were also handled prior and post- surgery. These rats were 

handled for a week prior to inpnation for 15 min every day. Rats were additionally placed 

on the pot were sleep and turning sessions were performed.  These rats were also handled 

for one additional day after implantation where turning sessions were simulated.  As in 

cannula implanted animals, these handling procedures were performed to reduce stress 

during turning sessions.  

4.1.1.1 Intracerebral cannulation and injections  

  A subset of animals underwent cannulation surgery targeting the peribrachial 

pigmented nucleus in the ventral tegmental area (Nair-Roberts et al., 2008). Rats were 

anesthetized with isoflurane, and their body temperature maintained at 37 °C using a 

temperature controlled heating pad.  Two stainless steel guide cannulae (Plastic One) 
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were stereotaxically implanted bilaterally 5.4 mm posterior to bregma, 0.5 mm lateral to 

midline, with the tip at 7.5 mm below the skull.  Five stainless steel microscrews were 

placed into the skull and dental cement was used to anchor the cannula guides to the 

screws and skull.  

Rats either received bilateral injections of bupivacaine hydrochloride (2.5% 

dissolved in 0.9% saline solution) or vehicle (0.9% saline solution) only once, , 

immediately before being shocked (see Figure 4.1A and B). All injections were done in 

freely moving rats with the internal cannulae extending 1 mm beyond the tip of the guide 

cannula using a micro-liter Hamilton syringe (Hamilton, Reno, NV, USA) attached to  

flexible polyethylene tube.  

The volume injected was 1.0µL bilaterally and the rate of injection was 

approximately 1 µL per minute. The injection cannulae remained in place for an 

additional 1 min to allow adequate absorption of the substance. Autoradiographic 

analyses estimate the spread of bupivacaine to be approximately 1.4 mm from the 

injection site (Martin, 1991). However, based on electrophysiological evidence 

(Tehovnik and Sommer, 1997) it has been suggested that the functional spread of 

intracerebrally infused anesthetics is considerably less than the autoradiographic spread 

and closely conforms to the spherical volume equation (V=4/3π(r)3).Their results suggest 

that the relationship between the volume of anesthetic and the spread this has in brain 

tissue has a cubic relationship. The spread is radial and can be determined by the 

previously mentioned formula. According to this analysis, the functional spread of the 

intracerebral bupivacaine infusion for the present parameters would be approximately 
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0.63 mm (Hsu et al., 2002). Given the area that VTA covers (0.8 mm medial to lateral 

and 1 mm rostral to caudal in a 3 month old rat) the infusions would likely be largely 

confined within the VTA. Moreover, the lack of spillover was also confirmed by the lack 

of behavioral responses (rotating behavior due to invasion of the bupivacaine injection 

into the adjacent substantia nigra,). Shock procedures commenced within 2 to 3 minutes 

after the micro-injections. The same behavioral testing detailed above was used for all 

cannula-implanted animals.  

Bupivacaine hydrochloride is an amide-linked local anesthetic that binds to the 

intracellular portion of sodium channels and blocks sodium influx into nerve cells 

preventing depolarization (Scholz et al., 1998). Bupivacaine injections have a rapid onset 

(within tens of seconds) and a relatively short duration (30 to 40 minutes). This drug has 

been used effectively in neurobehavioral studies employing intracerebral infusions in 

various brain regions in the rat, including the nucleus accumbens, amygdala, prefrontal 

cortex and the ventral tegmental area (Haralambous and Westbrook, 1999; Hsu et al., 

2002; Floresco et al., 2008; Seip and Morrell, 2009). Given the heterogeneity of VTA 

circuitry, inactivation of the entire VTA is the first step in determining whether the VTA 

is a critical component for the circuitry involved in PTSD symptomatology.  
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Pain sensitivity control experiment 

To control for possible short-term anesthetic effects of 2.5% Bupivacaine 

hydrochloride in the VTA, a separate group of rats was tested. Pain sensitivity changes in 

response to acute intracerebral injections of bupivacaine were assessed using the 

Hargreaves test, which measured paw-withdrawal latency to a thermal nociceptive 

stimulus.  Rats were allowed to acclimate in a Plexiglas enclosure on a clear glass plate 

within a quiet testing room. A radiant heat source was focused onto the plantar surface of 

the hindpaw, and paw-withdrawal latency was determined by a motion detector that 

halted both the lamp and timer when the paw is withdrawn. A maximal cut-off time of 

32 s was used to prevent tissue damage (Hargreaves et al., 1988). The tail flick sensitivity 

test was not used here because it would have required 6 warm-water tail dips in less than 

30 minutes (see above), and would have yielded habituation. 

4.1.1.2 Electrophysiological recordings 

Acute in vivo electrophysiology 

After the completion of all behavioral tests (14 rats), chloral hydrate (350 mg / kg, 

intraperitoneally) was used for the induction and maintenance of anesthesia throughout 

the recording procedure. Supplemental doses of the anesthetic (45 mg/kg intravenous) 

were given when vibrassal movements became evident. Each animal was fitted with a 

tracheal breathing tube and a catheter was placed in a lateral tail vein for the intravenous 

(i.v.) injection of apomorphine. Using stereotaxic procedures, a small burr hole was 
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drilled in the skull overlying the ventral tegmental area (VTA; 5.2-5.6 mm posterior to 

bregma and 0.5-1 mm lateral to the midline suture). Body temperature was maintained at 

37-38°C throughout the experiment by a temperature controller and a heating pad. 

Action potentials were recorded by single glass capillary electrodes that had been 

pulled and broken back to a tip diameter of approximately 1 micron and filled with a 

solution of 2% Pontamine Sky Blue dye in 0.5 M Na acetate. The impedance of the 

electrodes ranged from 12 to 20 MΩ. At the end of each recording session, a DC current 

(10 µA pulses 10s on 10s off for 20- 30 minutes) was passed through the recording 

electrode in order to eject the dye, which allowed for the microscopic identification of the 

location of the recorded cells (see Figure 4.1C). 

 

Chronic In Vivo Freely Moving Electrophysiology  

To acquire extracellular spike signals from multiple single cells, a multielectrode 

microdrive assembly called a hyperdrive (Gothard et al., 1996) was surgically implanted 

unilaterally above the right VTA of each rat. A full turn of the screw advanced the tetrode 

318 microns. Each hyperdrive contained 14 tetrodes, which were constructed by twisting 

together four strands of insulated 13 micron nichrome wire. Twelve of these tetrodes 

were used for multiunit recording, the remaining two were shorted together and served as 

reference electrodes. The two reference tetrodes were positioned in or near the corpus 

callosum. Animals underwent hyperdrive surgery targeting the peribrachial pigmented 

nucleus in the ventral tegmental area (Nair-Roberts et al., 2008). Rats were anesthetized 
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with isoflurane, and their body temperature maintained at 37 °C using a temperature 

controlled heating pad.  The stainless steel cannula guides (Plastic One) were 

stereotaxically implanted 5.4 mm posterior to bregma, 0.5 mm lateral to midline.  Five 

stainless steel microscrews were placed into the boney cranium and dental cement was 

used to anchor the cannula guides to the screws and skull.  

A multiwire cable connected the headstage to digitally programmable amplifiers 

(Neuralynx). The bandpass filter was between 600 Hz and 6 kHz and transmitted to the 

Cheetah Data Acquisition system (Neuralynx). Signals were digitized at 32 kHz and 

theevents that reached a predetermined threshold were recorded for a duration of 1 ms. 

Continuous channels were also recorded to capture the long duration of dopamine cells.  

Spike Sorting 

Action potentials were isolated using Spike 2 (Cambridge Electronic Design, UK) 

for Windows. Using a custom written Matlab code (Mathworks, USA) the firing rate and 

action potential properties of VTA cells were determined. Putative dopamine and GABA 

neurons were defined by the mean firing activity as well as the width of the extracellular 

spike waveform. The mean activity was calculated using 5 min time periods. (See 

supplemental methods for further information about neuron classification procedures).  

Neuron Classification 

In the acute in vivo recordings putative dopamine neurons were characterized on the 

basis of electrophysiological and pharmacological measurements used in previous studies 

(Grace and Bunney, 1983; Anstrom and Woodward, 2005). Dopamine cell characteristics 
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include long-duration (2-4 ms) waveforms, firing rates between 1 and 7 Hz, and 

inhibitory responses to apomorphine, a D2 receptor agonist (See Figure 4.2 and 4.4). Two 

populations of neurons were identified on the basis of these criteria.  
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As mentioned in Chapter 2 there has been a controversy over the electrophysiological 

identification of dopamine neurons in the rat in vivo. A method that has been previously 

used to separate different populations of neurons involves the delineation of clusters 

using different characteristics of the neuronal firing rate and action potential shape 

(Anstrom and Woodward, 2005; Roesch et al., 2007; Wang and Tsien, 2011). This 

method was chosen here (See Figures 4.2D and Supplemental 1).  

Spike waveforms were measured from the first inflection point to the time point when 

the voltage returned to within 10% of the baseline. The average duration of total 

extracellular spike waveforms for putative dopamine neurons was 3.92 ms and 1.69 ms 

for putative GABA neurons. Some of the extracellular spike waveforms were triphasic as 

seen in previous studies (See Figure 4.2B). In the conditions of our experiments the 

average firing rate recorded for putative dopamine neurons was 2.78 Hz, and putative 

GABAergic neurons had firing rates that averaged 14.34 Hz. When average action-

potential duration was plotted against average firing-rate, 2 distinct clusters were found, 

which is compatible with other studies (see Anstrom et al., 2005 and Figure 4.3D).  

To further confirm that the cells that we were recording from were dopamine cells, 

increasing doses of apomorphine i.v. (1, 2, 4, 8 µg/kg) were injected (see Supplemental 

Figure 2). Dose response curves were then plotted and a near-linear decrease in activity 

with higher concentrations was observed (4 µg/kg was sufficient to turn the cells off in 

most cases). Note that these experiments were performed once per animal in some 

animals, after all data were collected. In the chronic in vivo recordings putative dopamine 

neurons were characterized on the basis of electrophysiological measurements. Putative 
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dopamine neurons had firing rates between 2-10Hz. On the other hand, if neurons had 

firing rates higher than 15 Hz were considered a putative GABAergic neuron.  

Together with the tyrosine hydroxylase immunohistochemistry and Nissl staining 

procedures (see Figure 4.1C and 4.5B), these data demonstrate that dopaminergic and 

GABAergic cells in the VTA could be effectively discriminated. 

Bursting 

The number of action potentials that were part of a burst was also determined. To 

determine the percentage of spikes that was found in bursts, a burst was defined by a 

minimum of three successive spikes having an initial interspike interval less than or equal 

to 80 ms and ending with an ISI greater than 160 ms (Grace and Bunney, 1984).  

 

4.1.1.3 Localization of Recording Electrodes and Cannulae and 

Immunohistochemistry  

Each rat was perfused transcardially with 0.9% saline and fixed with 4% 

paraformaldehyde in 0.1M phosphate buffer. The brain was extracted and cryoprotected 

overnight in a 30% sucrose and 0.02% sodium azide solution. Coronal sections were cut 

into 50 µm slices on a cryostat. The electrode tracts were localized and their position in 

theVTA confirmed (Figure 4.1C a and b). One out of three slices was stained with Cresyl 

Violet. Another third of the slides were processed for tyrosine hydroxylase. The primary 

antibody was a rabbit anti-tyrosine hydroxylase from Chemicon (1:10000 in PBS-Triton-

X 100 with 3% normal goat serum), followed by a biotinylated secondary antibody 
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(diluted 1:1000, biotinylated rabbit anti-goat, Invitrogen, Oregon, USA). An avidin–

biotin peroxidase enzyme complex was prepared and applied according to manufacturer’s 

instructions (Vectastain Elite ABC kit). Finally, sections were incubated for 5 min in a 
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DAB/hydrogen peroxide substrate solution (Sigma-Aldrich). Sections were mounted with 

cytoseal (Stephens Scientific) and coverslipped.  

4.1.1.4 Statistical Analyses  

All statistical analyses were conducted using SigmaStat software (SYSTAT, San 

Jose, California). Statistics were performed using the Student’s t –test or Mann-Whitney 

non- parametric test (sham, shock groups) or by analysis of variance (two-way repeated 

measure ANOVA) using time (day 3, day 5, and day 7 for SRs or day -1, day 8, and day 

16 for pain and touch sensitivity tests) and experimental procedure (shock vs sham) as a 

between factor. A significant difference was indicated by *=p<0.05 or **=p<0.01. 

 

4.2 Results 

4.2.1.1 Reversible Inactivation  

To test our hypothesis that the ventral tegmental area is involved in PTSD, a 

separate group of animals was implanted with cannulae targeting the VTA. Animals were 

subjected to the behavioral procedures described previously. All animals were shocked 

and received microinjections of either bupivacaine hydrochloride or vehicle (saline) only 

once, immediately before the electrical foot-shock was administered on day 1 (see Figure 

4.1A). 
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Situational Reminders 

During the situational reminders, animals in the saline group avoided the shock 

compartment of the shock cage more than the animals in the bupivacaine group (see 

Figure 4.4A). The fraction of time spent in the shock compartment was larger for the 

bupivacaine group in all three situational reminders (F(1,12)=7.993, p<.05, twoway 

repeated measures ANOVA Test). There were no significant changes in the amount of 

time spent in the shock compartment throught the 3 situational reminers (F(1,12)=1.137, 

p>.05, two-way repeated emasures ANOVA)These results demonstrate that animals that 

received VTA inactivation before the shock showed significantly less avoidance of the 
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shock compartment than saline controls. 

 Fecal boli were counted to measure stress levels during shock and subsequent 

situational reminders (see Figure 4.4B). There were no significant differences between 

groups (saline/bupivacaine, F(1,12)=.774, p>.05) or troughout days (SR1/SR2/SR3 

F(1,12)=1.743, p>.05). 

Anxiety Tests 

Black and White Box 

Cannula-implanted animals were also tested in the black and white box. The total 

time spent in the white compartment was significantly different between groups (21.43 s 

vs. 88.33 s for saline and bupivacaine animals, respectively t(11)=2.992, p<.05, Students t-

test, see Figure 4.5A). The number of crosses back into the white compartment was also 

significantly different between the two groups (Figure 4.5B, t(12)=2.416 , p<.05, Students 

t-test ). These results demonstrate that animals that received VTA inactivation before the 

shock showed less avoidance of the shock compartment than saline controls. 
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Elevated Plus Maze 

Animals with cannula implants were tested on the elevated plus maze, fifteen 

days after the shock procedure. The total time and number of entries into the open or 

closed arms were measured.  The total time spent in open arms was significantly different 

between the conditions (10.1% and 30.4% for the shock and sham group respectively 

t(12)=3.883, p<.01, Students t-test, see Figure 4.6A , ). The open arm/ closed arm time 

ratio was also calculated (0.70 for bupivacaine and 0.19 for saline group). The differences 

between these ratios was significant (t(12)=2.882 , p<.05, Student’s t-test, see Figure 
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4.6B). The average number of open arm entries in the saline and bupivacaine groups 

differed significantly (t(12)=2.588, p<.05, Students t-test, see Figure 4.6C).  

 

 

Open Field Test 

The last anxiety test conducted in the cannula-implanted animals, 16 days after 

shock procedures, was an open field test where the distance and time spent in the center 

of the field were measured.  The average time spent in the center of the field as an 

average increased, but not significantly, in both groups (F(1,12)=1.659, p>.05, see Figure 

4.7A). Due to great varibilty in these times, these were normalized. As in the behavioral 
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experiments, the time in the center was normalized with respect to the time spent in that 

location before the shock was administered. A trend for bupivacaine animals to spend 

more time in the center (i.e. showing less thigmotaxis) than saline animals was noticeable 

(t(12)=1.982, p=.07 Student’s t-test, see Figure 4.7B). 

 

Altogether, these results demonstrate that VTA inactivation had protective effects 

in the PTSD paradigm. Rats whose VTA was inactivated evinced fewer long-term 

anxiety-like behaviors than control animals, suggesting that the VTA may play a key role 

in the processes involved in the onset of PTSD symptoms, and may be part of the neural 

substrate of PTSD and, possibly, of other anxiety disorders.  
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Pain and Touch Sensitivity 

In the tail flick test, animals that received saline had a significant decrease in the 

latency to remove their tail on day 8 and 17 when compared to day -1 (increased pain, 

grey curve, Figure 4.7). Animals whose VTA was inactivated before the shock did not 

show significant changes in pain sensitivity (see Figure 4.8A, blue curve). There was 

significant effect of the reversible inactivation on nociception changes (F (1, 12) = 6.297, p 

<.05).  Additionally, there was a significant increase in nociception over time specifically 

in the saline group between before shock and 8 days and 17 days after shock (F (1,12) = 
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4.413, p< .05). There was also a significant interaction between exposure reversible 

inactivation and change over time in nociception (F (1,12) = 5.899, p <. 05). There was a 

significant difference in normalized nociception between bupivacaine and saline 

measured 8 and 17 days after shock procedures. There was no significant change in touch 

sensitivity in either group of animals, although a small decrease was apparent in the 

saline group (F(1,12)=2.183, p<.05,see in Figure 4.8B).  

 

4.2.1.2 Acute in vivo Electrophysiology  

Following the last pain and touch sensitivity test, on day 18, VTA cells from the 

shock and sham animals were recorded. The mean baseline firing rate of VTA dopamine 

cells of shocked animals was significantly lower than the firing rates in control animals 

(t(21)=2.349 p<.05see Figure 4.9A).   

The bursting mode in VTA cells is thought to play a role in boosting the gain of 

neural signaling of salient stimuli by enhancing transmitter release and dendritic 

depolarization (Cooper, 2002). The fraction of action potentials fired in bursts was 

calculated and there were no significant differences between the shock and sham groups 

(see Figure 4.9B). Note that the lack of changes in bursting activity may be due to the 

fact that animals were anesthetized and not subjected to significant stimuli. The 

coefficient of variation measures the regularity of cell firing (CV close to zero is regular; 

CV close to 1 is near-Poisson). There was no significant difference between the shock 

and sham groups on this measure (t(18)=0.470, p>.05, see Figure 4.9C).  Firing rates of 
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VTA GABAergic cells were recorded and no significant differences were observed, 

although a small decrease can be seen in Figure 4.69D, (t(10)=1.060, p>.05).  

Altogether these findings suggest that the VTA may undergo long-term 

physiological changes triggered by a single intense stressful event. These changes can be 

intrinsic (e.g. membrane excitability) or system-wide (e.g. changes in the strength of 

afferent inhibitory connections). These long-term shock-induced changes have the 

potential to affect a large number of cognitive and emotional areas of the brain, and 

possibly explain some of the symptomatology of PTSD and other anxiety disorders.  
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4.2.1.3 Chronic In vivo Electrophysiology  

4.2.1.4 Behavior 

Situational Reminders 

During the situational reminders, all animals had high avoidance of the shock 

compartment of the shock cage (see Figure 4.10A). Out of the 5 rats that underwent the 

situational reminders only one crossed once on the last situational reminder. The average 

percent times for all 5 rats were 0%, 0% and 3.1% on situational reminders 1, 2 and 3 

respectively. These data show that the hyperdrive-implanted rats avoided the shock 

compartment of the shock cage (See Figure 4.9A). 

Anxiety Tests 

Black and White Box 

Hyperdrive implanted animals were also tested in the black and white box. The 

total number of crosses back to the white compartment was 2.5. These results are 

comparable to those seen in the cannulated saline treated animals. See Figure 4.7B for a 

graphical comparison of these two groups. These results show that animals that were 

implanted with a hyperdrive and underwent trauma procedures have comparable anxiety-

like behaviors to cannula-implanted animals.  
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 Elevated Plus Maze 

Hyperdrive implanted animals were also tested in the elevated plus maze. The 

average total number of open arm entries was 3, which is comparable to those seen in the 

cannulated saline animals. See Figure 4.10C for a graphical comparison of these two 

groups. These results show that animals that were implanted with a hyperdrive and 

underwent trauma procedures have comparable anxiety-like behaviors to cannula-

implanted animals.  

 

Open Field Test 

Hyperdrive implanted animals were also tested in the open field test 17 days after 

being shocked. As before (behavioral and pharmacological experiments), the time in the 

center was normalized with respect to the time spent in that location before the shock was 

administered. The normalized time spent in the center of the field was 0.39 (ratio of after 

and before shock). These normalized times were lower than those seen in the saline group 

in the inactivation experiments. See Figure 4.10D for a graphical comparison of these 

two groups. These results show that animals that were implanted with a hyperdrive and 

underwent trauma procedures have comparable anxiety-like behaviors to cannula-

implanted animals.  
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Nociception and Touch Sensitivity 

As seen in non-cannulated rats and cannula-implanted rats there were a trend 

changes in nociception but not in touch sensitivity in the hyperdrive group. The latency to 

remove the tail went from 4.65s to 4.61s and finally to 3.9s, before shock, 7 days, and 17 

days after shock respectively (See Figure 4.11A). This decrease was not found to be 

significant (one-way ANOVA p>.05). Likewise, here was no significant change in touch 

sensitivity (see Figure 4.11B). 
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These results establish that hyperdrive implanted rats have comparable anxiety-

like behaviors and therefore meet the criteria for an animal model for PTSD. 

 

4.2.1.5 In vivo Behaving Electrophysiology 

Firing rate changes in response to shock  

In response to the shock procedure, there were heterogeneous short-term 

electrophysiological changes in VTA cell firing rates. Some putative GABA and putative 

dopamine cells had increases and some showed decreases in firing frequency in response 

to this stressor (See Figure 4.12A and C). Qualitatively, one can see that some cells 

quickly recovered from the shock and returned to baseline. Other cells gradually returned 

to baseline or had fluctuations in firing rate even an hour after the shock. This shows that 

VTA cells have heterogeneous responses to the same stressor (See Figure 4.12 A and B).  
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The percentage of cells that reduced and increased their firing rate in response to 

the shock procedure was calculated. These were calculated for the first 15 min after 
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shock and for the 65 remaining minutes. Most dopamine cells reduced their firing rates 

during the first 15 minutes as well as the consequent 65 minutes after shock. A lower 

proportion of dopamine cells responded with an increase in firing rates, although there 

was some percentage of cells that responded by decreasing their firing rates (57% 

decreased and 43% increased firing rates) (See Figure 4.12B a). In the last 65 minutes a 

larger proportion of cells reduced their firing rate (86%) although there was a small 

proportion that increased their firing rate (14%). On the other hand, most GABAergic 

cells increased their firing rate during the first 15 minutes. More than half of GABA 

identified cells increased their firing rates (56%). A smaller percentage of putative 

GABA cells also decreased their firing rates (44%) (See Figure 4.12D a). Conversely, in 

the last 60 minutes of the recordings most cells reduced their firing rates.  

 These data show that VTA dopamine cells react in a heterogeneous manner in 

response to shock procedures.  Heterogeneous electrophysiological responses of VTA 

dopamine cells has been previously shown by Brischoux et al, (2009), where different 

populations of neurons showed distinct changes in response to noxious stimuli. However, 

in this study most cells reduce their firing rates an hour after the shock procedures. 

Confirming this finding Brischoux et al, (2009) showed that cells from more ventral 

regions of the VTA (including the PBP, the area targeted in this study) tend to decrease 

firing rates. 

 



 
164 

 
4.2.1.5.1 Synchronous Firing in Response to Shock Procedures 

 To the author’s knowledge very few studies have used multiunit recordings 

during exposure to a traumatic stress stimuli (however see Anstrom and Woodward, 

2005).  This electrophysiological recording setup allows for recordings of multiple cells 

simultaneously that permits an analysis of synchronous firing of these cells. In VTA 

dopamine cells, increases in synchrony might translate to larger amounts of dopamine 

release. This could in turn translate to amplification in plasticity and ultimately increasing 

memory consolidation (Morris et al., 2003; Apud et al., 2007). 

 Synchrony was measured here by overlaying spike trains of putative dopamine 

neurons and using a threshold for identifying peaks. Cells in all 5 rats analyzed showed 

increases in synchrony during exposure to the shock box prior to shock procedures (see 

Figure 4.13, see arrow number 2). Moreover, despite the decrease in firing rate after 
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shock procedures there were also increases in synchrony after the shock (see arrows 

numbers 3 to 5). The most prominent peaks were observed within 15 minutes (see arrow 

number 3) and about an hour after the shock (see arrow number 5). 

Synchrony analysis was performed using a spike correlation measure (See Lyttle 

and Fellous, 2011) for methods). Significant differences in synchrony were not found 

between spike trains during sleep 1 (before shock) and sleep 2 (after shock) using this 

measure. This correlation-based measure is sensitive to changes in firing rate and as 

shown in Figure 4.12 dopamine cells markedly decreased their firing frequency after the 

shock procedure. Thus, differences in synchrony might be difficult to observe using this 

measure. Future analyses are necessary using a measure that is not sensitive to changes in 

firing rate. A measure that compares spike density might yield more accurate results.  

4.2.1.5.2 Presence of Sharp Waves 

Sharp wave events consist of high-frequency oscillations (around 110 Hz) that 

have been observed in rats, primates and humans (Buzsaki, 1989; Skaggs et al., 2007; 

Axmacher et al., 2008). In rats, sharp waves are brief (50–100 ms) large deflections of 

the EEG signal, associated with fast EEG oscillations (130–200 Hz). It has been shown 

that hippocampal population activity displays reactivation of population patterns during 

post task sleep (Kudrimoti et al., 1999) . This reactivation has been found to be 

concentrated specifically during sharp waves (Kudrimoti et al., 1999). 
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Sharp waves are thought to be important for memory consolidation. In rats, 

suppression of sharp waves resulted in deterioration of memory consolidation.  These 

impairments were comparable to those seen in rats with hippocampal lesions (Girardeau, 
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2009). Moreover, Axmacher et al. (2008) observed sharp waves in humans and found that 

a greater frequency of sharp waves was associated with improved memory task 

performance.  

Using methods shown in Skaggs et al. (2007) sharp waves were identified (See 

Figure 4.14A). Sharp wave occurrences were quantified before and after the shock 

procedure. Qualitatively one can see more sharp wave events after the shock than before 

(See Figure 4.14B).  After normalizing for time there was a significant increase in 

number of sharp wave events after the shock (Figure 4.11C).  

These data show that there are more sharp waves during post-shock sleep than in 

pre-shock sleep. This may mean that memories are consolidating during the post-task 

sleep. However, further analysis looking at reactivation of population patterns during 

these sharp wave occurrences is needed to assess this hypothesis.  

 

4.2.1.5.3 Long-Term Changes in Firing Rate in Response to Trauma Procedures 

 Earlier in this chapter, it was shown that there are significant differences in VTA 

dopamine cell firing rates between shock and sham rats long-term after the shock (or 

sham) procedure (See Figure 4.89A). One of the advantages of chronic 

electrophysiological recordings is that one can view long-term changes in the same rat. In 

order to look at the timeline of the changes in firing rates that occur after the shock, 

baseline recording were performed days after the shock procedure using chronically 

implanted rats. Changes in baseline firing rate were calculated for 6 different days: one 
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day before shock, baseline before shock on shock day, during each situational reminder 

and one day after the last situational reminder.    

 There were significant long-term changes in firing rates in response to the shock 

procedure. These changes varied in different rats. Firing rates significantly increased in 

putative VTA dopamine cells in some rats within 4 days after the shock procedure but 

firing frequencies significantly decreased by the last day of recording (See Figures 4.15 A 

a and b). GABAergic cells significantly increased firing rates during situational reminder 

1, two days after shock. This was observed in both rats (See Figure 4.15 a and b). The 

average change in firing rate was calculated using all the chronically implanted rats (5 

rats). The average firing rate of VTA putative dopamine cells significantly decreased 

when all rats were taken into account (See Figure 4.12C). Average firing rates in GABA-

identified cells were significantly increased with situational reminder 1 (See Figure 

4.15D).  

These data show that traumatic stress (shock) changes VTA cell electrophysiology.  

There was a significant increase in the putative GABAergic cell firing rate 2 days after 

the foot-shock. There was a significant decrease in firing rate in putative dopamine cells 

on day 8.  Similarly, there was significant dip in firing frequencies 8 days after shock in 

GABAergic identified neurons .VTA inhibition. More research is needed to investigate 

the molecular, cellular and systems alterations that give rise to these electrophysiological 

changes.   

 



 
169 

 
4.3 Conclusions and Discussion 

The investigation of the neural substrate of PTSD is best tackled using a 

multidisciplinary approach including neuroscientific and pharmacological studies. This 

chapter includes research within both realms.  Evidence for the involvement of the VTA 

is provided by pharmacological studies. These studies showed reversal of the long-term 

behavioral consequences induced by a traumatic event if VTA cells are inactivated 

immediately before the event (see Figures 4.4 B-D).  Further evidence for the 

involvement of the VTA and reward related areas are provided by studies in human 

patients.  High co-morbidity rates of PTSD with drug addiction (Kofoed et al., 1993; 

Najavits et al., 1997) and reduced reward sensitivity is seen among PTSD patients 

(Hopper et al., 2008; Elman et al., 2009). Further evidence for the long-term hypo-

responsiveness of the mesolimbic pathway is suggested by successful treatment of PTSD 

patients with psycho-stimulants (Houlihan, 2010). Psycho-stimulants enhance dopamine 

release in areas such as the prefrontal cortex and may alleviate symptoms by increasing 

dopamine to normal levels. 
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In this study it was shown that VTA dopamine cells in shocked rats have lower 

baseline firing rates long-term when compared to sham rats (see Figure 4.9A). 
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Additionally, using chronic electrophysiological techniques it was shown that these 

significant changes in firing rate are seen within the first week after the shock procedure 

(Figure 4.15A and C). Moreover, there are changes in firing frequency, synchrony, and 

sharp wave occurrences during the shock session (See Figures 4.12-4.15).   These 

changes in VTA dopamine cell electrophysiology can give rise to modifications in 

baseline tonic dopamine levels in areas mediating emotional and cognitive responses, and 

could lead to the inadequate responses to stress often seen in PTSD patients. Dopamine 

released from VTA cells has the potential to modulate activity in areas important for the 

consolidation and retrieval of emotional memories, such as the hippocampus and the 

amygdala, as well as areas essential for the extinction of memories such as the medial 

prefrontal cortex (Fields et al., 2007). The VTA has also been shown to be an important 

player in pain pathways (Saade et al., 1997; Becerra et al., 2001; Borsook et al., 2007). 

Altogether, this evidence strongly suggests that the VTA plays an important role in PTSD 

symptomatology in humans. 

Given the heterogeneity of PTSD symptoms (hyperarousal, avoidance and re- 

experiencing symptoms) and the medical (chronic pain, respiratory and cardiac disorders) 

and psychiatric (other anxiety and mood disorders and substance abuse) consequences, it 

is likely that the neural substrate involved also varies heterogeneously from patient to 

patient. A possible explanation for the wide differences in relative strength of symptoms 

may reside in the dysregulation of a brain region that has widespread connections to 

various areas involved in perception, learning, memory and other cognitive and 

emotional functions.  
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Most conceptual models investigating this neurocircuitry include the amygdala, 

the hippocampus and the prefrontal cortex (see Chapter 2 (Rauch et al., 2006; Yehuda 

and LeDoux, 2007; Liberzon and Sripada, 2008). A new PTSD neurocircuitry model that 

includes the VTA is proposed here (see Figure 4.13A). Compatible with other models 

(Shin et al., 2006; Yehuda and LeDoux, 2007; Liberzon and Sripada, 2008), the 

hippocampus processes contextual information related to the trauma (Payne et al., 2003; 

Payne et al., 2007) and  the medial prefrontal cortex regulates the degree to which the 

amygdala expresses emotional responses. In this conceptual model the VTA modulates 

the activity of these three areas and indirectly regulates emotional responses to the 

traumatic event both in the short term and in the long term.  

Moreover, this model also proposes that the hyper-responsiveness of the 

amygdala to stress and the inadequate regulation of the medial prefrontal cortex and the 

hippocampus after trauma are in part due to a dysregulation of the mesolimbic 

dopaminergic modulatory system (See Figure 4.16). This dysregulation is caused by 

traumatic stress. Traumatic stress increases VTA dopamine activity transiently to high 

levels, as has been observed in acute stress paradigms and some cells in this study (see 

Figure 4.9A a) (Anstrom and Woodward, 2005; Anstrom et al., 2009; Brischoux et al., 

2009).  This increase in dopamine activity during a traumatic event may have the short-

term consequence of enhancing consolidation of the traumatic memory. This notion is 

also supported by increases in sharp waves (See Figure 4.14).  
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Increases in dopamine (through increases in both firing rate and synchrony) have 

been shown to increase synaptic plasticity that may underlie memory consolidation such 

as long-term potentiation and depression (LTP/LTD). Experiments in hippocampal slices 

show that LTP in CA1 is strongly dependent on dopamine (Frey et al., 1990). 

Furthermore, evidence from behavioral experiments shows that dopamine enhances 

learning (Morris et al., 2003). Finally, increasing dopamine pools by administration of L-

DOPA to normal human subjects was shown to enhance memory. Similarly, inhibition of 

dopamine metabolism (inhibition of COMT,) yielded memory improvements in various 

tasks (Apud et al., 2007).  

This model further proposes that this short term increase in dopamine activity is 

followed by a compensatory mechanism that aims at returning dopamine levels to 

normal. In most subjects dopamine levels return to normal within hours to days after 

trauma (see dashed curve, Figure 4.13B). In a small fraction of people, those who will 

suffer from psychopathology as a consequence of exposure to the traumatic event, 

dopamine levels fail to return to baseline (see continuous red curve, Figure 4.13B). In this 

case, traumatic stress decreases dopamine levels in the long-term. This decrease can 

cause a failure to reconsolidate as well as failures to extinguish traumatic memories (an 

active process that requires LTP/LTD mechanisms).  It has been shown that dopamine is 

also needed for the process of extinction. Pfeiffer and Fendt (2006) showed that infusion 

of a dopamine D4 antagonist into the prefrontal cortex impaired fear conditioning 

extinction. Thus if dopamine levels remain low long-term after trauma the extinction of 
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traumatic memories may be difficult. This may contribute to the indelible nature of 

traumatic memories in PTSD patients.  
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CHAPTER 5 

5 EXPERIMENTAL PSYCHOSOCIAL STRESS IN HUMANS AND THE 

ROLE OF REWARD 

 

5.1 Experimental Stress and Reward Sensitivity 

The rodent studies shown in Chapter 4 provide evidence of decreases in baseline 

activity in a reward related area, the VTA, after an extreme stressor. Reward sensitivity 

and reward brain area activity has been shown to be reduced in many psychiatric 

disorders that result from exposure to stress in humans (Pizzagalli et al., 2008a; Pizzagalli 

et al., 2008b; Elman et al., 2009). In this chapter the role of reward sensitivity on 

resilience or adaptive response to stress is explored in a human model of psychosocial 

stress. 

Psychiatric disorders resulting from exposure to stress (e.g. depression, PTSD, 

generalized anxiety) are very common (See Chapter 1). To study relations among these 

disorders and emotional functions, such as reward senstivity, reliable laboratory-based 
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stress research protocols are required. The Trier Social Stress Test (TSST) is a protocol 

that can be used to induce mild psychosocial stress. The TSST has been shown to elicit 

reliable physiological and psychological responses without significant unpleasant 

emotional reactions (Kirschbaum et al., 1993).  

Research regarding stress has focused on the negative effects and very rarely on 

the positive outcomes. Resilience or the capacity for healthy adaptation has been shown 

to be a very common response after stress. Research focusing on resilient responses to 

stress is needed.  

It has been hypothesized that resilience to hardship is characterized by a robust 

reward system that protects individuals from developing mental disorders following 

exposure to stress (Southwick et al., 2005).  Moreover, resilient individuals may have a 

reward system that is either hypersensitive to reward or is resistant to stressful stimuli 

(Charney, 2004).  Resilience has been linked to many positive emotions such as optimism 

and humor (Southwick et al., 2005). The ability to modulate behavior according to 

rewarding experiences or reward sensitivity is also found among these positive emotions 

(Charney, 2004).  

Rewards are stimuli or events that, when contingent on a behavior, increase the 

probability of that behavior.  They do so by strengthening an association between a 

stimulus and a response. Reward sensitivity or reward responsiveness is as an 

individual’s propensity to modulate behavior according to a rewarding experience 

(Pizzagalli et al., 2005).  
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Reward sensitivity can be measured in many ways. It can be measured as a self 

report using scales such as the Behavioral Inhibition Scale/ Behavioral Activation Scale 

(BIS/BAS) or the Tridimensional Personality Questionnaire (Cloninger et al., 1991). The 

BIS/BAS measures inhibition and activation systems (See Methods for a full description 

of the Behavioral Activation Scale) (Carver and White, 1994). 

Reward sensitivity can also be measured behaviorally. Many tasks have been 

developed to measure behavioral and neural responses to rewarding stimuli. Some of 

these tasks have used primary rewards such as juice, and others have used secondary 

rewards such as money, positive social cues, and beautiful faces (Knutson et al., 2000; 

Aharon et al., 2001; Breiter et al., 2001; Pizzagalli et al., 2005; D'Ardenne et al., 2008; 

Dillon et al., 2008).  

Some commonly used paradigms are the Monetary Incentive Delay Task (MID), 

the face signal detection task, and the passive wheel of fortune task (Knutson et al., 2000; 

Breiter et al., 2001; Pizzagalli et al., 2005). The face signal detection task consists of 

rapidly detecting a big or a small smile on a face presented on a computer screen. 

Participants receive a reward if they respond accurately (Pizzagalli et al., 2005).  The 

delivery of the reward is also probabilistic. That is, participants responding correctly 

receive a reward only a proportion of the time. The wheel of fortune consists of passively 

viewing a wheel of fortune and receiving different amounts of money. This task does not 

yield behavioral results as it is mainly used for imaging (Breiter et al., 2001). Finally, the 

MID task will be described in the methods section of this chapter more thoroughly -- it 
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briefly consists in rapidly responding to different reward cues. All of these tasks are 

accompanied by reliable increases in activity in reward related areas such as the ventral 

tegmentum, the nucleus accumbens and regions of the prefrontal cortex (Knutson et al., 

2000; Breiter et al., 2001; Dillon et al., 2008). 

Individual differences have been shown in these and other reward tasks (Dreher et 

al., 2009). These differences can be predicted by different dopamine gene polymorphisms 

(COMT and DAT genes) (Dreher et al., 2009).  Similarly, sex differences have also been 

observed in both behavior and neural activation in the MID and a social incentive version 

of this task (Spreckelmeyer et al., 2009). These individual and sex differences in reward 

responses may explain some of the variance in resilience.  

A small number of studies have looked at the direct relationship between 

resilience and reward sensitivity. Simeon et al., (2007) found that people who self report 

high reward responsiveness (TPQ) also self report higher resilience, demonstrating a 

close relationship between these two factors.  This outcome suggests that reward 

sensitivity is an important factor in resilience and therefore in a person's ability to adapt 

to adversities and overcome them.  

The hypothesis is that trait resilience and trait reward senstivty has a siginificant 

relationship. Additionally, behaviorally testes as well as self-report reward sensitivity 

have a significant relationship to better responses to psychosical stress (smaller increases 

in negative affect, heart rate, and salivary cortisol, as well as smaller decreases in positive 
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affect).  Moreover, I predict that reward sensitivity will be reduced after exposure to 

psychosocial stress. 

 

5.2 METHODS AND MATERIALS 

5.2.1.1 Participants 

 Participants were recruited through an online University of Arizona Subject Pool 

experiment sign-up system, available only to undergraduate students enrolled in INDV 

101 courses. This system provides brief descriptions of experiments (e.g. topic under 

study, time duration, number of credits participant available) being performed in the 

Department of Psychology. Through this system, participants can choose a study of 

interest, a time slot that works with their schedule and submit their request to participate 

via the online system. Graduate students were also recruited to take part in the study.  

 Participants were at least 18 years of age. Both males and females were recruited and 

ethnicity randomly varied across participants. There were no special efforts to encourage 

the recruitment of women or men or representatives from any racial or ethnic minority 

groups. A total of 140 participants signed up for the study; however, 4 withdrew from the 

study before its completion.  

5.2.1.2 Questionnaires 

Participants were instructed to complete a series of online questionnaires prior to 

their participation in the study. These questionnaires included a general demographics 
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questionnaire as well as other personality and trait instruments. These included the 

Defense Style Questionnaire-40, Resilience questionnaire, Beck Anxiety Inventory and 

the Behavioral Activation and Behavioral Inhibition Scales, which will be described later 

in the methods. These questionnaires were employed because they have been widely used 

in other studies to determine personality and trait differences. Moreover, they have been 

shown to be highly reliable. The instruments cited here are annexed at the end of this 

dissertation. 

Defense Style Questionnaires-40  

Participants completed the Defense Style Questionnaire, which is a self-report 28-

item Likert style instrument (Andrews et al., 1993). This questionnaire assesses 

characteristics of defense mechanisms, which are defined in DSM-IV as “automatic 

psychological processes that protect the individual against anxiety and from the 

awareness of internal or external dangers or stressors”.   In this sense, defense 

mechanisms are designed to mediate the individual's reaction to emotional conflicts that 

give rise to anxiety (Andrews et al., 1993). 

Three main subscales are included in this instrument: immature defense, mature 

defense and neurotic defense. An immature defense style involves defense mechanisms 

such as acting out, projection, somatization, and devaluation (e.g. People say I tend to 

ignore unpleasant facts as if they didn't exist). In turn, mature defense styles include 

sublimation, humor, and suppression (e.g. I'm able to keep a problem out of my mind 

until I have time to deal with it). Finally, neurotic defense styles involve mechanisms 
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such as undoing, pseudo-altruism, idealization, and reaction formation (e.g. I get 

satisfaction from helping others and if this were taken away from me I would get 

depressed; See appendix for a copy of this questionnaire). 

Resilience Questionnaire  

Participants also responded to a self-administered 25-item resilience scale. 

Resilience is a personality characteristic that moderates negative effects of stress and 

promotes adaptation (Wagnild and Young, 1993). This characteristic is attributed to 

individuals who in the face of adversity are able to adapt and restore equilibrium as well 

as avoid the potential deleterious effects of stress (Wagnild and Young, 1993). All items 

were scored on a 7-point scale, where 1 signified strong disagreement and 7 signified 

strong agreement. All items in this scale were worded positively.  

This resilience questionnaire has 2 subscales: self-acceptance and personal 

competence. Self-acceptance has 8 items that represent adaptability, flexibility and a 

balanced perspective of life (e.g. I can usually find things to laugh about). The personal 

competence subscale includes 17 items that indicate self-reliance, independence, 

determination, mastery, resourcefulness, invincibility, and perseverance (e.g. I can get 

through difficult times because of experience). 

Beck Anxiety Inventory (BAI) 

Finally, in order to assess pre-existing anxiety, participants were asked to fill out a 

self-administered anxiety inventory. This questionnaire took about 5 to 10 min and 

included 21 items, each describing a common symptom of anxiety (Beck et al., 1988). 
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Items in this questionnaire were descriptive of subjective, somatic, or panic-related 

symptoms of anxiety. Participants were asked to rate how much they had been bothered 

by each symptom over the past week on a scale from 0 to 3, where 0 meant “not at all” 

and 3 signified “severely-I could barely stand it.”  

5.2.1.3 Experimental Procedures 

On the day of the experiment, after consent, participants filled out a short 

questionnaire that evaluated alcohol, caffeine, tobacco and over-the-counter medication 

consumption. The time that participants woke up was also asked. These questions were 

included because all these factors interact with salivary cortisol levels.  

 Participants performed a reward sensitivity task (Monetary incentive delay task) 

and after exposure to a psychosocial stressor they performed the same reward sensitivity 

task a second time (See Figure 5.1A for a timeline of these procedures). Physiological 

responses (salivary cortisol and heart rate) and self-reported affect (Positive and Negative 

Affect Scales and Speilberger’s State Anxiety Inventory) were collected. These were 

measured during and after the psychosocial stressor with the purpose of measuring the 

individual’s reaction to the stressor. 

 

Reward Sensitivity Measures 

 Reward sensitivity was assessed in 3 different ways: behaviorally, through the 

Monetary Incentive Delay Task (MID) (Knutson et al., 2000); and self-reported in two 

instruments, by asking the participants to fill out the Behavioral Inhibition 
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Scale/Behavioral Activation Scale (BIS/BAS) prior to coming in to the experiment as 

well as with a self-assessment of satisfaction in response to the MID task. 

Behavioral Inhibition Scale/Behavioral Activation Scale (BIS/BAS) 

One way of measuring reward sensitivity is through self-report. A reliable self-

report scale that measures reward sensitivity is the BIS/BAS scale. Participants 

completed the behavioral inhibition scale (BIS) and behavioral activation scale (BAS) 

(Carver and White, 1994). This questionnaire is a self-administered 4-point Likert style 

questionnaire, which comprises two main scales: The BIS or punishment sensitivity 

scale, and the BAS or reward related scale. The inhibition scale assesses aversive 

motivation (Carver and White, 1994). The 3 activation subscales are alleged to be 

measures of functions mediated by reactions to reward that result in approach behaviors 

as well as the experience of positive affect (Carver and White, 1994). The 3 subscales 

include 5 items within the reward-responsiveness scale (e.g. When I get something I want, 

I feel excited and energized), 4 items in the drive subscale (e.g. I go out of my way to get 

things I want) as well as 4 items in the fun-seeking subscale (e.g. I often act on the spur 

of the moment). 

On the one hand, people with high behavioral inhibition sensitivity are thought to 

respond to reward cues and experience positive affect in response to these cues. On the 

other hand, people with high BIS sensitivity are supposed to be highly responsive to 

punishment cues and experience great anxiety in situations where punishment will occur 

(Carver and White, 1994) (See appendix for a copy of this questionnaire). 
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Monetary Incentive Delay Task  

The MID consists of a computer task of 90 trials including reward, punishment 

and neutral trials (Knutson et al., 2000). In each trial participants either received a 

monetary reward or avoided the loss of monetary rewards after responding to a specific 

cue. The delivery of the reward or punishment depended on the participant’s reaction 

time after a cued target symbol appeared on the screen. In each trial, cues signaled either 

a potential reward ($0, $0.20, $1.00, $5.00) represented by a circle, a potential 

punishment (-$0, -$0.20, -$1.00, -$5.00) signaled by a square or no outcome represented 

by a triangle. The degree of potential reward varied and there were three levels of 

monetary reward represented by the number of lines within the squares and circles (See 

Figure 5.1B). Reaction time and total gains served as measures of reward sensitivity.  

Self-Report Satisfaction in Response to MID 

 Finally, the self reported expectation and satisfaction in response to MID, both 

before and after stress, were assessed. The instrument used showed a depiction of the 

different cues that were shown to the participants. After being introduced to what each 

cue represented (instructions trial of the MID) participants were asked to rate their 

expectation for each cue in a scale from 1 to 10, where 10 represents the highest 

expectation. Once participants completed the MID they were required to rate their 

satisfaction to each cue using the same scale (For a copy of this questionnaire see 

appendix). 
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Experimental Psychosocial Stress 

After the initial reward sensitivity task, participants completed one of the two 

types of Trier Social Stress Tests (TSST): the psychosocial stress (TSST), an 

experimental version of this task, or the control (placebo TSST). Before each task, 

participants were asked to give a saliva sample and fill out the self-report affect 

questionnaires (See Figure 5.1C). Immediately before the task, participants were 

instructed on how to use the heart rate monitor and 2 minutes of baseline were obtained.  

Trier Social Stress Test (TSST) 

The TSST consists of a 5-minute speech preparation period, followed by a 5 min 

interview and a final arithmetic task. During the speech preparation participants were 

instructed to write a mock interview speech and indicate why they were the best 

candidate. They delivered their speeches in the presence of individuals wearing white lab 

coats (judges) without their notes. The judges were non-responsive and showed little to 

no emotion. Participants were given the impression that their performance was being 

audio and video recorded for later analysis. They were also told that a prominent 

professor was watching their performance. Additionally, a pair of industrial lights was 

turned on, adding heat and bright lights as part of the stressor. Immediately following the 

speech, participants performed an arithmetic task aloud (counting backwards from 1876 

by 17’s as quickly as possible for 5 minutes). 
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Placebo Trier Social Stress Test (PTSST) 

As a control, a second group of participants underwent the placebo version of the TSST. 

In this task, participants still had 5 min preparation time for a speech, a neutral speech 

and a simple arithmetic task. This version of the TSST consists of asking the participant 

to talk for 5 minutes aloud about a movie, a novel, or a recent holiday trip. After 5 

minutes, they were asked to start talking out loud about the chosen topic. Finally, 

subsequent to the 5 minutes participants were required to read out loud the answer to a 

2nd grade subtraction task.  

In order to determine the sequelae of the psychosocial stress, physiological and 

psychological measures of stress were administered. The physiological measures used 

were heart rate and salivary cortisol. In turn, the Positive Affect and Negative Affect 

Scale (PANAS) and the Spielberg’s State Anxiety Inventory (SSAI) were used to assess 

psychological stress in response to TSST. These questionnaires were chosen because they 

have been widely used in other studies to determine personality and trait differences. 

Moreover, they have been shown to be highly reliable. 

Physiological Measurements 

Salivary cortisol levels  

Cortisol levels were assessed via saliva. After consent, participants rinsed their 

mouths before the first saliva sample to ensure unaltered samples. The samples were 

collected via Salivette collection devices (Salimetrics, LLC) and were taken at four 

different times during the experiment. Saliva was collected first, at the beginning of the 
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experiment, then before the psychosocial stressor, immediately after this stressor and 

finally after the final reward sensitivity task (see Figure 5.1A). Using in-house facilities, 

all saliva samples were assayed for cortisol in duplicate with a commercially available 

enzyme immunoassay kit (ELISA, Salimetrics, LLC). 

Heart rate 

Heart rate was recorded continuously during the duration of the stressor (see Figure 

5.1A). An additional 4 minutes (2 minutes before stressor and 2 minutes after) were 

recorded to obtain a pre and post stress baseline. Heart rate was collected every 15 

seconds via a hand-grip heart rate monitor using Logger pro data collection software 

(Vernier Software and Technology).  The signal was measured at the surface of the skin 

by electrodes embedded in the hand-grips of the Hand-Grip Heart Rate Monitor (Vernier 

Software and Technology).  

Subjective Measures of Affect 

Subjective measurements of affect were assayed with two different questionnaires 

(SSAI and PANAS). The self-administered questionnaires were handed to the 

participants at 2 different times (see Figure 5.1A). The first couple of questionnaires (one 

SSAI and one PANAS) were given before the psychosocial stressor to measure baseline 

affect. The 2 remaining packets were given after the stressor. In the first packet the 

participants were instructed to report how they felt at that moment - that is, after the 

stressor. Finally, when handed the last packet participants were instructed to fill out the 
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questionnaires keeping in mind how they felt during the stressor. The questionnaires used 

will be briefly described below.  

 

Positive and Negative Affect Scales (PANAS) 

To measure affect in response to the TSST, participants answered a self-

administered 20-item, 5-point Likert style questionnaire that assesses positive and 

negative emotions (Watson et al., 1988). The positive and negative affect scales 

(PANAS) have items that capture positive emotions (or positive affect PA) and negative 

emotions (or negative affect NA). Positive affect reflects the extent to which a person 

feels good (e.g. enthusiastic, active, and alert), while negative affect includes subjective 

distress and unpleasurable engagement that capture a variety of aversive mood states (e.g. 

nervous, jittery, and scared).   
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Speilberger’s State Anxiety Inventory (SSAI)  

 Participants completed a self-administered questionnaire that includes measures 

of state anxiety. The SSAI consists of 20-item scales indicating the intensity of anxiety 

(e.g “I feel upset”, “I am presently worrying over possible misfortunes”). Participants 

reported the intensity of their anxiety feelings by rating themselves using a 4-point scale 

where 1 was “not at all” and 4 was “very much so.” High SSAI scores in the negative 

scales mean more state anxiety and low scores mean less anxiety.  

The total duration of the procedure was about 90 min, including the reward 

sensitivity tasks before and after psychosocial stress, TSST, subjective measures of affect 

and all the physiological measures. After the end of the experiment all participants were 

debriefed on the objective of the experiment and granted credit for their participation. An 

additional 20 to 30 minutes were necessary to complete the online questionnaires.  

 

5.2.1.4 Statistical Analyses  

 All statistical analyses were conducted using SigmaStat software (SYSTAT, San 

Jose, California). Statistics were performed using the Mann-Whitney non- parametric test 

(experimental versus control group or men versus women). Analyses of variance were 

also conducted (two-way repeated measures ANOVA) with time (before, during and after 

TSST) and condition (experimental versus control group) as between factors. Further 

analyses of variance were also computed (one-way ANOVA) when reaction time for 

different reward amounts was used as a between factor. Correlations were performed 
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with the Spearman Rank Order Correlation Coefficient. In addition, linear regression 

values were calculated and R2 values were used to predict the value of resilience or 

measures of resilience from the value of reward sensitivity. A significant difference was 

indicated by *=p<0.05 or **=p<0.01. 

 

5.3 Results 

5.3.1.1 Participant characteristics 

Demographic characteristics 

One hundred and forty participants were recruited from the graduate student 

community and INDV website (81 female). Four participants withdrew before the 

completion of the task. Six participants were not included in the analysis because they 

reported current mental illness (3 in control group and 3 in the experimental group). The 

average age was 21.35 ± 4.32 (ages ranged from 18 to 32). None reported neurologic, 

metabolic or hormonal disturbances. The self-identified race/ethnicity of participants was 

broken down as follows: 64.4% White, 18.4% Hispanic, 8.1% Asian, 3.7% black, 2.2% 

Hawaiian or Pacific Islander and 0.7% Native American (2 people refused to provide this 

information).   
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Personality traits 

There were no significant differences in pre-existing anxiety between the control 

and the experimental group. Scores ranged from 0 to 49 and the average BAI score was 

13.14 ± 12.08 (13.31 ± 12.02 in control and 12.77 ± 10.92 in experimental). Likewise, 

there were no differences in self-reported defense mechanism types. The defense 

mechanism most prominent in this sample was a mature style (5.76 ± 0.93 and 5.64 ± 

0.95 for experimental and control, respectively; complete sample average 5.70 ± 0.96).   

The scores for the neurotic and immature styles were 4.87 ± 1.07 and 3.93 ± 0.99 for the 

experimental group and 4.69 ± 1.02 and 3.87 ± 0.84 for the control group. 

Additionally, there were no differences in initial self-reported resilience scores. 

The average score for the resilience competence subscale was 5.72 ± 0.78 and 5.32 ± 

0.92 for the stress and control groups, respectively (average 5.55 ±0.85). Similarly, the 

score for the self-acceptance subscale was 5.02 ± 0.82 and 5.42 ± 0.75 for the stress and 

control conditions, respectively (average 5.23 ± 0.83). 

 

Sex Differences in Demographic and Trait Characteristics 

Within the experimental group there were some significant sex differences in 

demographic and trait differences. The two variables that showed differences were 

defense style and number of medications taken. Men had significantly a higher immature 

defense style than women (See Table 5.1). Men also took significantly fewer 

medications. The higher medication rate in women can be explained by birth control 
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intake. There was also a trend for increased neuroticism as a defense style in women 

(p<.09) and initial anxiety (p<.08) (see table 5.1). There were no significant sex 

differences in the age of the participants as well as education level. Most importantly 

there were no sex differences in self-report resilience.  

 
Table 5.1 Demographics and Trait characteristics of the sample divided by sex. 

 Female Male 

Age  21.32 ± 4.07 22.00 ± 1.3 

Education 28 undergraduate 
8 graduate 

22 undergraduate 
8 graduate 

Currently taking medication 36.16% 13.33% 

Anxiety (BAI) 14.59 ± 13.15 10.53 ± 10.79 

Defense Style (Mature) 5.6 ± 0.94 5.91 ± 0.98 

Defense Style (Neurotic) 5.01 ± 1.05 4.66 ± 1.04 

Defense Style (Immature) 3.74 ± 0.99 4.2 ± 1.05 

Resilience (Competence)  5.76 ± 0.71 5.78 ± 0.79 

Resilience (Self Acceptance) 5.01 ± 0.89 5.09 ± 0.82 

 

5.3.1.2 Psychosocial Stress  

  Since the objective of this study was to investigate the effect that stress has on 

reward sensitivity, it is of the outmost importance to determine whether the stressor 

chosen was effective. To study the efficacy of this stressor, physiological and 

psychological measures of stress were used.  
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A significant increase in both heart rate and cortisol levels was observed in 

response to the stressor. Likewise, increases in negative affect and decreases in positive 

affect were also recorded. 

 

5.3.1.3 Physiological Measures of Stress  

 Heart rate  

 The initial average heart rate for the experimental and control groups were not 

significantly different (89.33 ± 16.58 bpm and 84.48 ± 14.96 bpm for the experimental 

and control group respectively). Yet, significant differences in heart rate in response to 

the TSST were recorded between the control and experimental group. The heart rate 

during the first portion of the stress paradigm (speech portion) was 103.48 ± 18.06 bpm 

and 90.54 ± 16.76 bpm for the stress and control groups, respectively. The difference 

between these two groups was significant (two-way repeated measures ANOVA, p<.01). 

The difference between the second portion of the stress paradigm was also found to be 

significant (102.13 ± 19.25 bpm and 89.64 ± 15.27 bpm for stress and control group 

respectively; two-way repeated measures ANOVA, p<.01).  Although the average heart 

rate in the experimental group seemed higher than the control group, there were no 

significant differences in the baseline heart rate after stress and placebo procedures. 

Average heart rates were 94.45 ± 18.90 bpm and 87.39 ± 15.51 bpm for the stress and 

placebo groups, respectively (See Figgure 5.2A).  
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High levels of variabilty in heart rates were observed in both groups. Initial heart 

rates ranged between 65 bpm to 100 bpm. Heart rates were normalized by individual 

averages. Differences in heart rates between control and experimental groups persisted 

when interindividual variability was controlled by normalizing data (dividing average 

heart rate in each part of the dask by the baseline average).  

Apart from differences between the experimental and control groups, significant 

within group differences were also found. Significant changes in heart rate were observed 

in the stress group. There was a significant difference between the baseline heart rate 

before stress and heart rate during the speech and math portion of the TSST in the 

experimental group (two-way repeated measures ANOVA, p<.01). Likewise, there was a 

significant difference between baseline heart rate after stress and during the speech and 

math portion of the TSST (two-way repeated measures ANOVA, p<.01).  There were no 

significant differences between baseline before and baseline after stress.   

 The total change in heart rate (average heart rate during TSST minus baseline 

before stress) was also significantly different between the control and experimental 

groups (See Figure 5.2B).  The average change was 6.08 ± 7.58 bpm for the control 

group and 13.84 ± 8.15 bpm for the experimental group (Mann-Whitney rank sum test, 

p<.01).    
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Statistical tests showed that there was a significant effect of psycho-social stress 

on heart rate (F (1, 123) = 10.232, p < .01).  There was a significant difference in beats per 

minutes between the stress and control group. There was also significant increase in heart 
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rate through the different portions of the TSST or placebo TSST (F(1, 123) = 56.051, p 

<.01). There was also a significant interaction between exposure to psychosocial stress 

and change in heart rate F(1, 123) = 11.708, p <. 01. 

Salivary cortisol 

 Significant differences in salivary cortisol levels were observed between the 

control and the experimental groups after exposure to psychosocial stress. Baseline 

cortisol levels were 3.58 ± 1.6nmol/L and 4.21 ± 2.24 nmol/L for the control group and 

experimental group respectively. The levels increased, though not significantly, 

immediately before the stress procedures in both groups (4.76 ± 2.96 nmol/L and 5.00 ± 

2.96 nmol/L for the control group and experimental group respectively).  

Significant increases in salivary cortisol levels were observed in the experimental 

group but not in the control group. Cortisol levels recorded immediately after the TSST 

procedure were on average 8.34 ± 6.15 nmol/L immediately after stress and 10.97  ± 

11.99 nmol/L thirty minutes after stress (after second MID task) (two-way repeated 

measures ANOVA, p<.01; See Figures 5.2 C).  

Statistical analysis showed that there was a significant effect of psycho-social 

stress on salivary cortisol levels (F (1, 46) = 7.839, p < .01).  There was a significant 

difference in cortisol levels between the stress and control group. There was also 

significant increase in cortisol levels after the stress procedure (F(1, 46) = 5.849, p <.01). 

There was also a significant interaction between exposure to psychosocial stress and 

change cortisol F(1, 46) = 5.462, p <. 01. 



 
199 

 
Significant differences between the control and and experimental group were also 

observed immediately after and 30 minutes after TSST procedures. The total change in 

salivary cortisol was also significant (See Figure 5.2D; Mann-Whitney rank sum test, 

p<.01).    

 

5.3.1.4 Psychological Measures of Stress 

 The initial positive and negative affect for the experimental and control groups 

were not significantly different in either the PANAS or SSAI. There were, however, 

significant differences between the control and the experimental groups in the change in 

both positive and negative affect in response to the TSST procedures.  

 

Positive Affect 

PANAS 

 The initial score for positive affect obtained from the PANAS was 25.71 ± 8.27 

and 27.17 ± 8.43 for the experimental and control groups, respectively. There were 

significant changes in positive affect in response to the TSST in the experimental group 

but not in the control group. In the stress group, positive affect decreased in response to 

stress. The scores went from 25.71± 8.27 to 21.78 ± 8.32 during TSST and 20.55 ± 8.08 

after TSST (two-way repeated measures ANOVA, p<.01). Although a trend for a 

decrease was observed in the control group no significant differences were found (27.17 

± 8.43 before, 25.64 ± 9.13 during, and 25.01 ± 8.4 after placebo TSST).  
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 In addition to the within group differences in negative affect, significant 

differences between groups were also detected. There was a significant difference 

between the TSST and the placebo TSST groups in the scores during and after TSST 

(two-way repeated measures ANOVA, p<.01; See Figure 5.3A).  

Statistical analysis showed that there was a significant effect of psycho-social 

stress on positive affect (PANAS) (F (1, 133) = 5.981, p < .05).  There was a significant 

difference in positive affect between the stress and control group. There was also 

significant decrease in positive affect through the different portions of the TSST or 

placebo TSST (F(1, 133) = 22.320, p <.01). There was also a significant interaction between 

exposure to psychosocial stress and change in positive affect (F(1, 133) = 4.579, p <. 05). 

 

SSAI  

Similar to the PANAS scores, significant changes were recorded in positive affect 

in response to TSST procedures in the experimental group, while in the control group 

only smaller, yet significant changes were observed.  Positive affect decreased in 

response to stress in both groups (See Figure 5.3B). The positive affect scores for the 

experimental group were initially 26.49 ± 5.85, and decreased to 15.88 ± 6.21 during 

TSST and 17.16 ± 6.70 after TSST (Two-way repeated measures ANOVA, p<.01). The 

control group scores showed smaller changes in positive affect in response to the placebo 

TSST (26.90 ± 5.05 before, 21.25 ± 6.79 during, and 24.03 ± 6.06 after placebo TSST; 

two-way repeated measure ANOVA, p<.05).  
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 Additional to the within group differences in positive affect there were also 

significant differences between groups. A significant difference between scores during 

the TSST and after TSST was observed (two-way repeated measures ANOVA, p<.01). 

 Statistical analysis showed that there was not a significant effect of psycho-social 

stress on positive affect (SSAI) (F (1, 132) = 0.0271, p > .05).  However, there was a 

significant decrease in positive affect through the different portions of the TSST (F(1, 132) 

= 153.380, p <.01). There was also a significant interaction between exposure to 

psychosocial stress and change in positive affect (F(1, 132) = 28.569, p <. 01). 

 

Negative Affect 

PANAS 

 There were significant increases in negative affect in response to TSST in the 

experimental group but not in the control group using the PANAS. The initial score was 

12.88 ± 3.18 and increased to 22.25 ± 9.08 during TSST and to 18.55 ± 8.39 after TSST 

(two-way repeated measures ANOVA, p<.01). On the other hand, the control group 

scores showed little to no change (13.08 ± 3.26 before, 15.84 ± 5.65 during, and 13.18 ± 

3.31 after placebo TSST).  

 Additional to the within group differences in negative affect there were also 

significant differences between groups. A significant difference between scores during 

the TSST and after TSST was also observed (two-way repeated measures ANOVA, 

p<.01; See Figure 5.3C).  
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Statistical analysis showed that there was a significant effect of psychosocial 

stress on negative affect (PANAS) (F (1, 133) = 18.088, p < .01).  There was a significant 

difference in negative affect between the stress and control group. There was also 

significant increase in negative affect through the different portions of the TSST or 

placebo TSST (F(1, 133) = 65.130, p <.01). There was also a significant interaction between 

exposure to psychosocial stress and change in negative affect (F(1, 133) = 24.362, p <. 01). 

 

SSAI  

 As in the case of the positive affect scores, there were significant changes in 

negative affect in response to TSST procedures in the experimental group and also a 

smaller but significant change in the control group. Negative affect increased in response 

to psychosocial stress. The initial score was 16.15 ± 4.77 and increased to 27.06 ± 8.65 

during TSST and 24.09 ± 8.11 after the TSST (Two-way repeated measures ANOVA, 

p<.01). The control group scores showed little change in negative affect in response to 

the placebo TSST (16.46 ± 4.55 before, 20.11 ± 6.03 during, and 16.67 ± 4.39 after 

placebo TSST; Two-way repeated measures ANOVA, p<.05; See Figure 5.3D).  

 Additional to the within group differences in negative affect, changes between 

groups were observed. There was a significant difference between scores during the 

TSST and after this treatment (two-way repeated measures ANOVA, p<.01). 

Statistical analysis showed that there was a significant effect of psycho-social stress on 

negative affect (PANAS) (F (1, 132) = 19.242, p < .01).  There was a significant 

difference in negative affect between the stress and control group. There was also 
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significant increase in negative affect through the different portions of the TSST or 

placebo TSST (F(1, 132) = 95.894, p <.01). There was also a significant interaction between 

exposure to psychosocial stress and change in negative affect (F(1, 132) = 33.426, p <. 01). 

 The results for the self-reported measures of stress show that although there are 

significant differences between the control group and the experimental group, the control 

group also showed changes in response to the placebo TSST, as reflected by the SSAI 

scores. These could be due to a negative reaction to public speaking. Although all the 

stressful stimuli were thought to be removed from the placebo version of TSST, 

participants still had to talk and perform a math task aloud. These two activities are one 

of the major causes of stress in people, especially in students. Despite the experimenter’s 

efforts to minimize stress, this procedure may have caused mild distress in some of the 

participants. In spite of the changes in negative and positive affect in response the 

placebo TSST, this procedure yields significantly lower changes in measures of stress.  

 

Interactions Between Measures of Stress 

 Although many studies have investigated the physiological and psychological 

effects of stress, not many have looked at interactions between them.  Correlation and 

regressions values were calculated for interactions between the two different 

physiological measures of stress and the two different psychological assessments. 

Interactions between the different measures of stress were also seen.  
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 A significant positive correlation between changes in the two different 

physiological measures was found in the experimental group (red dots Figure 5.4A, 

R2=.429 p<.01) but not in the control group (blue dots R2=.058 p=NS). The higher the 

changes in heart rate the higher the changes in salivary cortisol (Also see Table 1.2). 

Changes in heart rate explained a significant proportion of variance in increases in 

salivary cortisol levels in the experimental group, (R2 = .379, F(1, 20) = 12.183, p < .01) 

but not in the control group.  

There were no significant correlations between the changes in physiological and 

psychological measures of stress. However, both assessments of positive and negative 

affect (SSAI and PANAS) produced significant positive correlations. The higher the 

changes in positive and negative affect as measured by SSAI the higher the changes in 

positive and negative affect as measured by the PANAS (red dots Figures 5.4 positive  a 

R2=.252 p<.01 and negative C R2=.259 p<.01). Changes in negative affect as measured 

by SSAI also explained a significant proportion of variance in changes negative affect as 

measured by PANAS in the experimental group , (R2 = .501, F(1, 64) = 64.369, p < .001) 

but not in the control group.  (blue dots Figures 5.4 B). Changes in positive affect as 

measured by SSAI also explained a significant proportion of variance in changes negative 

affect as measured by PANAS in the experimental group , (R2 = .262, F(1, 63) = 22.316, p 

< .001) but not in the control group (blue dots Figures 5.4 C).  
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Table 5.2 Correlations between physiological and psychological measures of stress. 

 Change in 
salivary 
cortisol 

Change in 
positive 
affect 
(SSAI) 

Change in 
positive 
affect 
(PANAS) 

Change in 
negative 
affect 
(SSAI) 

Change in 
negative 
affect 
(PANAS) 

Change in Heart 
rate 

.614 
p<.01 
n=27 

.120 
NS 
n=64 

.052 
NS 
n=64 

.035 
NS 
n=64 

.107 
NS 
n=64 

Change in salivary 
cortisol 

____ .010 
NS 
n=29 

.009 
NS 
n=29 

.008 
NS 
n=29 

.068 
NS 
n=29 

Change in positive 
affect (SSAI) 

____ ____ .511 
p<01 
n=67 

.540 
p<.01 
n=67 

.465 
p<.01 
n=67 

Change in positive 
affect (PANAS) 

____ ____ ____ .333 
p<01 
n=67 

.382 
p<.01 
n=67 

Change in negative 
affect (SSAI) 

____ ____ ____ ____ .382 
p<.01 
n=67 

 

 There was a significant positive relationship between changes in salivary cortisol 

levels after TSST and the change in self-reported positive affect (red dots Figure 5.4 D 

R2=.219: p<.01) . That is, the higher the decreases in positive affect the higher the 

salivary cortisol levels after TSST. Changes in salivary cortisol levels explained a 

significant proportion of variance in decreases positive affect measured by SSAI in the 

experimental group, (R2 = .219, F(1, 23) = 7.854, p < .01) but not in the control group.  

 

 



 
207 

 

These results show that in response to the TSST procedure there are significant 

physiological reactions. Similarly, self-reported increases in negative affect and decreases 
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in positive affect were also observed. Most importantly, these data show that these 

measures of stress relate to each other significantly, indicating that TSST is an effective 

psychosocial stressor.  

  

5.3.1.5 Sex Differences in Response to Psychosocial Stress 

Sex differences were observed in both physiological and psychological responses 

to stress. The most prominent sex differences were obtained in self-reported positive and 

negative affect. Additionally, significant differences were also found in heart rate 

responses but not in salivary cortisol. 

 

5.3.1.6 Psychological Measures of Stress 

Positive Affect  

SSAI 

Women had generally lower scores in SSAI positive affect but these differences 

only became significant after stress. Positive affect scores were 25.81 ± 5.82 before 

stress, 14.76 ± 6.25 during stress, 15.27 ± 6.31 after stress in women and 27.33 ± 5.87 

before stress, 17.26 ± 5.97 during stress, and 19.44 ± 6.59 after stress in men. Significant 

differences were found during and after the stress procedures (two-way repeated 

measures ANOVA, p<.05 and p<.01; See Figure 5.5A). There were also significant 

differences in the change in self-reported stress. Women produced a 10.54 ± 6.29 drop in 
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positive affect, whereas men only showed a 7.87 ± 6.59 (two-way repeated measures 

ANOVA, p<.05).  

Statistical analysis showed that there was significant effect of sex on positive 

affect (SSAI) (F (1, 68) = 4.289, p < .05).  There was also significant increase in negative 

affect after the stress procedure in both sexes (F(1, 68) = 134.362, p <.01). However, there 

was no significant interaction between sex and changes positive affect (F(1, 68) = .572, p >. 

05). 

PANAS 

 These differences were also observed if the PANAS was used to evaluate positive 

affect. When this scale was administered, significant sex differences were measured at all 

times during the experiment. Positive affect scores were 23.62 ± 8.84 before stress, 20.21 

± 8.90 during stress, 18.41 ± 8.45 after stress in women and 28.46 ± 6.63 before stress, 

23.86 ± 7.13 during stress, and 23.39 ± 6.69 after stress in men. Significant differences 

between men and women were present at all the times measured including at baseline 

before stress (two-way repeated measures ANOVA, p<.05 and p<.01; see Figure 5.5B).  

These data indicate that men self reported higher positive affect at all times during the 

experiment.  

 

Statistical analysis showed that there was significant effect of sex on positive 

affect (PANAS) (F (1, 66) = 6.183, p < .05).  There was also significant increase in 
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negative affect after the stress procedure in both sexes (F(1, 66) = 25.703, p <.01). 

However, there was no significant interaction between sex and changes positive affect 

(F(1, 66) = .656, p >. 05). 

Negative Affect 

SSAI 

 No significant sex differences in negative affect measured by SSAI were detected. 

Negative affect scores in women were 16.76 ± 5.16 before stress, 27.69 ± 9.21 during 

stress, and 25.32 ± 8.85 after stress. The scores seen in men were 15.4 ± 4.21 before 

stress, 26.3 ± 8.01 during stress, 22.56 ± 6.94 after stress (two-way repeated measures 

ANOVA, p<.05 and p<.01; See Figure 5.5C). Likewise, there were no significant 

differences in the total change in negative affect. 

There was no significant effect of sex on negative affect (SSAI) (F (1, 68) = 1.376, p > .05).  

There a was significant increase in negative affect after the stress procedure in both sexes 

(F(1, 68) = 87.557, p <.01). There was no significant interaction between sex and changes 

negative affect (F(1, 68) = 0.327, p >. 05). 
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 PANAS 



 
212 

 
 On the other hand, differences were observed if PANAS was used to evaluate 

negative affect. Negative affect scores were 12.91 ± 2.91 before stress, 23.73 ± 10.04 

during stress, 20.19 ± 9.50 after stress in women and 12.83 ± 3.54 before stress, 20.43 ± 

7.51 during stress, and 16.53 ± 6.37 after stress in men. Significant differences were 

found during and after the stress procedures (two-way repeated measures ANOVA, 

p<.05; 5.5 D). There were also significant differences in the change in self-report stress. 

Women had a 7.27 ± 8.44 drop in positive affect, where men only had a 3.7 ± 5.29 

decrease in positive affect (two-way repeated measures ANOVA, p<.05).  

Statistical analysis showed that there was no significant effect of sex on negative 

affect (PANAS) (F (1, 68) = 1.887, p > .05).  There was a significant increase in negative 

affect after the stress procedure in both sexes (F(1, 68) = 60.304, p <.01). There was also 

significant interaction between sex and changes negative affect (F(1, 68) = 3.136, p <. 

05). 

 

5.3.1.7 Physiological Measures of Stress 

Heart rate 

There were no significant differences in heart rate between men and women except 

in the after stress baseline. The baseline heart rate was 91.33 bpm ± 16.75 and 87.04bpm 

± 16.39 for women and men, respectively. During the stress condition the heart rates 

were 106.20 ± 18.11 bpm and 104.49  ± 19.47 bpm during the 1st and 2nd part of TSST, 

respectively, in women. The rates for men were 100.35 bpm ± 17.82 and 99.34 bpm ± 
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18.98 during the speech part and math part, respectively. Finally, there was a significant 

sex difference in the post stress baseline (98.24 ± 19.45 bpm and 88.48 ± 16.39 bpm for 

women and men respectively (two-way repeated measures ANOVA, p<.05; See Figure 

5.6 B).   

Apart from the between group differences there were within group differences.  

These differences were manifested between baseline before and after stress and both 

portions of the TSST in both men and women (two-way repeated measures ANOVA, 

p<.01). Most interestingly, there were differences in heart rates in women when 

comparing baseline heart rates before and after the stressor. These differences were not 

observed in the male participants.  

There was no significant effect of sex on heart rate (F (1, 59) = 2.333, p > .05).  There 

was also significant increase in heart rate after the stress procedure in both sexes (F(1, 59) = 

65.828, p <.01). There was no significant interaction between sex and changes heart rate 

(F(1, 59) = 1.510, p >. 05). 
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Cortisol 

There were no significant sex differences in salivary cortisol response. The levels 

increased in both sexes in response to stress. The levels in women went from baseline 

4.24 ± 2.96 nmol/L, to 4.77 ± 2.96 nmol/L before stress, to 7.77 ±5.86 nmol/L after 

stress, and to 9.20 ± 8.62 nmol/L after the second monetary incentive delay task. Within 

group significant differences were observed. These differences were evident between 

baseline and both conditions of after stress and after the second reward sensitivity task 
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(two-way repeated measures ANOVA, p<.01).  Similarly, a significant difference was 

recorded in salivary cortisol levels before stress when comparing it with after stress and 

after the second reward sensitivity task (two-way repeated measures ANOVA, p<.05). 

Cortisol levels in male participants were comparable to those seen in women. 

These were initially 4.17 ± 1.15 nmol/L, and 5.00 ± 2.97 nmol/L before stress. Salivary 

cortisol levels increased to 8.94 nmol/L ± 6.61 nmol/L after stress and 13.18 nmol/L ± 

15.34 nmol/L after the second MID task (See Figure5.6). There were significant within 

group differences in male participants as well. A significant difference in salivary cortisol 

levels emerged between those measured at baseline and the conditions of after stress and 

after the second reward sensitivity task (two-way repeated measures, p<.01).  Similarly, a 

significant difference was observed in salivary cortisol levels before stress and after stress 

and after the second reward sensitivity task (two-way repeated measures, p<.05).  

Although no significant differences were found between the male and female participants 

there was a trend for men to have higher cortisol levels.  

 These results show sex differences in response to stress. The most prominent 

differnces are seen in self-reported measures of stress. These data might also imply that 

women have a harder time recovering from stress, as demonstrated by changes in 

baseline after stress (Figure 5.5 and 5.6 A). These findings may be useful in explaining 

sex differences in the appearance of stress related psychiatric disorders such as PTSD. 

Statisitical analysis showed that there was no significant effect of sex on salivary 

cortisol levels (F (1, 28) = .733, p > .05).  There was also significant increase in cortisol 
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levels after the stress procedure in both sexes (F(1, 28) = 9.8399, p <.01). There was no 

significant interaction between sex and changes cortisol (F(1, 28) = .731, p >. 05). 

 

5.3.1.8 Reward Sensitivity in Response to Stress  

  Before determining the effects of stress on reward sensitivity, the efficacy of the 

measures of reward sensitivity were determined. To do this, behavioral and self-report 

reward sensitivity were measured before the stressor. The monetary incentive delay task, 

BAS and self-report measures in response to MID task were used for this purpose.   

 

5.3.1.9 Reward Sensitivity Before Stress 

 Behavioral Activation Scale 

The behavioral activation portion of the BIS/BAS scale was used to measured 

trait reward sensitivity. There were no significant differences in any of the 3 subscales 

between the control and experimental groups. The scores for the reward responsiveness 

subscale were 9.44 ± 2.63 and 10.03 ± 2.76 for the experimental and control groups 

respectively. The control group had a score of 6.88 ± 1.93 in the drive BAS subscale; 

similarly the experimental group’s score was 6.32 ± 2.15. Finally, the experimental group 

and the control group had scores of 7.62 ± 2.23 and 7.84 ± 1.95, respectively, in the fun 

seeking subscale. 
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There were, however, sex differences in initial self-report reward sensitivity. The 

most prominent difference was observed in the Fun Seeking subscale of the BAS scale. 

Men had significantly higher fun seeking reward sensitivity than women (Mann-Whitney 

p<.05 See Table 5.3). Although not significant there was a trend for increased reward 

responsiveness in women. 

Table 5.3 Sex differences in self report reward 
sensitivity. 

 Female Male 

BAS (Reward 
Responsiveness) 

9.18 ± 2.49 10 ± 3.09 

 
BAS (Drive) 

6.6 ±2.15 5.9 ± 2.1 

 
BAS (Fun Seeking) 

8.11 ±2.15 7 ± 2.2 

   Note: lower numbers signify higher sensitivity 

 

Monetary incentive delay task 

 There were no significant differences in reaction times in the MID task between 

control and experimental groups. The average reaction time for $0 potential gains was 

357.17 ± 71.19s and 353.17 ± 75.27s for the control and experimental groups 

respectively. The average reaction time for $0.20 potential gains was 340.29 ± 67.73s and 

338.51 ± 73.66s for the control and experimental groups, correspondingly. The average 

reaction time for $1.00 potential gains was 353.27 ± 77.28s and 347.25 ± 77.21s for the 

control and experimental groups respectively. Finally, the average reaction time for $5.00 
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potential gains was 357.17 ± 71.19s and 353.17 ± 75.27s for the control and experimental 

groups respectively. Although between group differences were not found there was a 

significant difference within groups. This was observed between the reaction times 

obtained in the $0 gains and $5.00 and $0.20 gains as well as between $1.00 gains and 

$5.00 gains in both groups. There was an additional significant difference found only in 

the control group between reaction times in $0 and $0.20. 

 

Expectation and Satisfaction in Response to Monetary Incentive Delay Task 

 As anticipated participants expected higher gains from cues related to higher 

rewards ($0: 2.19 ± 2.58 and 2.15 ± 2.43, $0.20: 4.16 ± 2.16 and 4.07 ± 2.13, $1.00: 6.56 

± 1.5 and 6.44 ± 2.02, $5.00: 9.22 ± 1.79 and 8.74 ± 2.56 in the experimental and control 

groups respectively). Likewise, participants also felt more satisfaction in response to cues 

with higher gains ($0: 2.69 ± 2.71 and 3.31 ± 3.05, $0.20: 4.39 ± 2.66 and 5.07 ± 2.68, 

$1.00: 6.58 ± 2.11 and 6.92 ± 2.13, $5.00: 9.11 ± 1.66 and 8.66 ± 2.9 in the experimental 

and control groups respectively).  

 

5.3.1.10 Sex differences in Reward Sensitivity Before Stress 

A sex differences in reward sensitivity were also observed in both groups.  Firstly, 

there was a significant difference in the overall average reaction times between men and 

women in both groups (t(64)=2.818, p<.01 for experimental; t(54)=2.625 p<.05 for control, 
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,t-test; see Figure 5.8A). Female participants were slower at responding (363.88± 69.44s 

in stress group and 363.52 ± 72.19s in the control group) than males (316.99 ± 64.63s in 

stress group and 314.19 ± 50.02s in the control group).  

When exposed to a reward task where increasing amounts of reward are given, 

one should react to the highest reward the fastest and slower to the next highest and so on 

down the scale. This phenomenon was present in the males but not in the females. 

Female participants did show significantly faster reaction time to the biggest reward 

($5.00: 350.55 ± 76.38s in the experimental group and 358.35 ± 78.31s in the control 

group) versus the smallest ($0.00: 373.26 ± 75.79s in the experimental group and 373.68s 

± 73.49 in the control group; F(1,35)= 4.756, p<.01 two-way repeated measures ANOVA 

on ranks).    However, when comparing the second biggest reward to the smallest there 

are no significant differences in these reaction times ($1.00: 372.94 ± 76.99s in the 

experimental group and 369.48 ± 80.53s in the control group; see Figure 5.8B).  

These data indicated not only are there differences in the average reaction times 

but there were also sex differences in the reaction time profiles (i.e. linear drop in 

reaction times in response to higher rewards in men but not in women). Male participants 

had decreasing reaction times to increasing gains in both groups ($0: 329.07 ± 68.27s and 

322.29 ± 53.97s, $0.20: 314.19 ± 66.74s and 314.36 ± 41.90s, $1.00: 314.74 ± 64.59s and 

315.73 ± 56.58s, $5.00: 308.29 ± 69.31s and 301.06 ± 57.05s in the experimental and 

control groups respectively; F(1,26)= 3.946 p<.01, See Figure 5.8C). These sex differences 
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have been observed in previous papers where the same reaction time profiles were 

obtained (See Figure 5.8D).  

 These results show that there were no differences in any of the reward sensitivity 

measures between the control and experimental group before the placebo and stress 

TSST. Moreover they showed that there are sex differences in response to the MID task. 

Male participants have faster reaction times than female participants. The reaction time 

profiles are also different between men and women. Finally, as expected there was an 

increase in both expectation and satisfaction in response to higher rewards. These results 

show that there was normal reward sensitivity in participants in both groups.  

 

5.3.1.11 Reward Sensitivity After Stress 

 Significant changes in reward sensitivity were observed after the stress.  These 

changes were reflected in a reduction of the total amount of gains, a change in reaction 

time profiles as well as a decrease in satisfaction after stress.  

 

Monetary incentive delay task 

Total gains 

 The initial total gains before stress was $75.39 ± 6.25 and $74.33 ± 5.43 for the 

experimental and control groups respectively. After stress, there was a reduction in both 

groups but the reduction was only significant for the TSST group ($72.62 ± 6.29 in the 
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TSST and $73.51 ± 6.29 in the control group; see Figure 5.7A). Normalized gains were 
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also calculated (gains after/gains before ratio). Normalized gains in the stress group were 

fond to be significantly lower than in control group (U=2803.5, p<01, Mann-Whitney 

rank sum test see Figure5.7B). 

 There were also sex differences in the total amount of gains and the change after 

stress.  The initial total gain for female participants before stress was $73.04 ± 7.23 and 

$74.13 ± 6.23 for the experimental and control group respectively. These gains were 

significantly higher in males ($78.3 ± 2.89 and $76.43 ± 5.05 for the experimental and 

control groups, respectively). The decreases in male participants was significant (-$1.57 ± 

3.38)). The decrease in female participants was also shown to be significant (-$3.52 ± 

8.16, F(1,64)=12.263, p<.01; two way repeated measures ANOVA, see Figure 5.7C). 

 Reaction Times 

 There were no significant changes in average overall reaction times. However, 

significant modifications in reaction time profiles were observed in both men and 

women.  The reaction times for male participants increased for the $5.00 cues and 

decreased for the $0 cues. Essentially, the reaction profile disappeared, that is the reaction 

times for all cues were about the same (significant differences were longer , See Figure 

5.8 C bars with hash marks). These changes were not as drastic for the female 

participants. A slight increase in reaction times was observed for the highest reward and 

also a slight flattening of the reaction time profile. Additionally, the significant 

differences between reaction times disappeared after stress in women (See Figure 5.8B 

bars with hash marks).  
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Expectation and Satisfaction in Response to Monetary Incentive Delay Task after 

Stress 

 Significant differences were seen in the amount changes of satisfaction obtained 

from the monetary incentive delay task. These changes were only significant for the cue 

related to the highest reward (F(1,132)=3.257, p<.05, two-way repeated measures 

ANOVA). The total amount of satisfaction was also found to be significant only for the 

highest reward (see Figure 5.9A).  

These results show that there are significant changes in reward sensitivity after 

exposure to a stressor. These changes manifest through behavioral (reaction time profiles 

and total gains) and self-report (satisfaction) measures of reward sensitivity. These data 

also demonstrated sex differences in these changes.  
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5.4 Resilience and Reward 

 As seen in Chapter 2 the brain’s circuitry for rewarding experiences is notoriously 

complex and it includes many cerebral regions such as the amygdala, the prefrontal 

cortex, and the VTA (also circuitry involved in PTSD symptoms). As seen in Chapter 4. 

part of this system, the VTA, is affected during a traumatic event. Charney (2004) has 

proposed that resilient individuals might be those who either have a hypersensitive or 

stress resistant reward system. As a first step to investigate this link between increased 

reward system responsiveness and resilience, the relationship between reward sensitivity 

and resilience was studied.  

 

5.4.1.1 Self reported resilience and self reported reward sensitivity 

 The subscales of self-reported resilience and reward sensitivity were positively 

correlated with each other.  The personal competence subscale was found to be positively 

correlated with the reward responsiveness and drive subscales in the BAS (See Figure 

5.10A R2=.110 p<.01). Similarly, the self-acceptance resilience subscale also had a 

positive correlation with responsiveness and drive as well as with the fun seeking scale 

(See Table 5.4 for a description of these values).   
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Table 5.4 Correlations between self report resilience and 
self report reward sensitivity. 

 BAS 
Reward 
responsiveness 

BAS 
Drive 

BAS 
Fun seeking 

Resilience  
Personal 
Competence 

.416 
p<.01 
n=67 

.265 
p<.01 
n=67 

.148 
NS 
n=67 

Resilience  
Self Acceptance 

.265 
<.01 
n=67 

.353 
<.01 
n=67 

.293 
p<.01 
n=67 

 

5.4.1.2 Self Reported Reward Sensitivity Measures of Stress 

 Self-reported reward sensitivity was also significantly correlated with 

physiological and psychological measures of stress. Self-report of changes in positively 

and negative affect were also related to self-reported reward sensitivity. The BAS 

subscale showed the most correlations with the different measures of resilience.(see 

Table 5.5 and Figure 5.10). However, different subscales had stronger relationships with 

resilience. Triat reward sensitivity using BAS reward senstivity explained a significant 

proportion of variance of trait resilience, (R2 = .151, F(1, 64) = 11.354, p < .01, see Figure 

5.5A).  Trait reward sensitivity (BAS drive) had a significant relationship with changes in 

negative affect. Statistical analysis showed that triat reward sensitivity explained a 

significant proportion of variance of changes in negative affect, (R2 = .200, F(1, 64) = 

15.951, p < .01, see Figure 5.5B). Similarly, all three subscales within the behavioral 

activation scale were negatively related to changes in heart rate during TSST (average 

heart rate during TSST minus before stress baseline, see table 5.5) Statistical analysis 

showed that triat reward sensitivity explained a significant proportion of variance of the 



 
227 

 
change in heart rate (R2 = .0888, F(1, 64) = 5.592, p < .05). No significant correlations were 

found between self report reward sensitivity and changes in cortisol levels. 

 

Table 5.5 Correlations between self report of reward sensitivity and 
resilience (physiological and psychological changes in measures of 
stress.  

 BAS 
Reward 
responsiveness 

BAS 
Drive 

BAS 
Fun seeking 

Change in Heart 
Rate 

.260 
p<.01 
n=64 

.292 
p<.01 
n=64 

.332 
p<.01 
n=64 

Change in 
salivary cortisol 
levels  

 
NS 
n=64 

 
NS 
n=64 

 
NS 
n=64 

Change SSAI 
positive 
 

 
NS 
n=64 

.257 
p<.01 
n=64 

 
NS 
n=64 

Change PANAS 
positive 
 

 
NS 
n=64 

 
NS 
n=64 

 
NS 
n=64 

Change SSAI 
negative 
 

.250 
p<.01 
n=64 

.448 
p<.01 
n=64 

 
NS 
n=64 

Change PANAS 
negative  

 
NS 
n=64 

.391 
p<.01 
n=64 

 
NS 
n=64 
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5.4.1.3 Behavioral Reward Sensitivity and Resilience 

 Results from the MID task (gains and self report satisfaction) also revealed 

relationships between the self-report of resilience and changes in physiological and 

psychological measures of stress.  People with higher initial gains had higher increases in 

heart rate but smaller changes in positive and negative affect. Satisfaction had a positive 

correlation with the personal competence subscale of resilience as well as a negative 

relationship with changes in positive and negative affect.  

Table 5.6 Correlations between behavioral reward sensitivity and 
resilience (physiological and psychological changes in measures of 
stress). 

 MID 
Gains Before 

Satisfaction 
 

Resilience  
Personal Competence 

 
NS 
n=64 

 
NS 
n=64 

Resilience  
Self Acceptance 

 
NS 
n=64 

.266 
p<.05 
n=64 

Change in Heart Rate .313 
p<.05 
n=64 

 
NS 
n=64 

Change in salivary 
cortisol levels  

 
NS 
n=29 

 
NS 
n=29 

Change SSAI 
positive 
 

-.234 
p<.05 
n=64 

 
NS 
n=64 

Change PANAS 
positive 
 

 
NS 
n=64 

 
NS 
n=64 

Change SSAI 
negative 
 

 
NS 
n=64 

-.287 
p<.05 
n=64 

Change PANAS 
negative  

-.110 
p<.05 
n=64 

-.244 
p<.05 
n=64 
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5.5 Conclusions  

 Interactions between the different measures of stress were investigated in this 

chapter. To the authors knowledge no previous studies have looked at these interactions. 

The study of these relationships is needed to determine if physiological measures of 

stress correspond to subjective emotional reactions. The present research demonstrates 

that changes in physiological measures of stress have a strong positive relationship with 

each other. Similarly, psychological measures of stress have a strong positive relationship 

with each other. Although correlations between psychological and physiological 

measures of stress were not found there was a significant correlation between salivary 

cortisol levels after stress and changes in positive affect. Apart from the interactions 

between physiological and psychological measures of stress, this study also explored sex 

differences. 

 Significant sex differences were observed in reward sensitivity as well as in 

responses to stress. Previous studies have shown sex differences in reward responsiveness 

in the MID task and in measures of stress in response to the TSST (Spreckelmeyer et al, 

2009; Kelly et al, 2008). However, to the author’s knowledge there are no current 

investigations researching both of these measures.  Investigation of sex differences in 

both stress and reward responsiveness are needed because these differences may underlie 

sex differences seen in the psychopathology following trauma.  
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The differences in responses to both stress and reward tasks may also point to 

limitations in the experimental design. Spreckelmeyer and colleagues (2009) have shown 

that men respond faster to monetary rewards than to social rewards. However, women 

show comparable reaction times to both types of rewards. These behavioral sex 

differences are strengthened with corresponding neural data. This dissertation showed 

stronger right putamen activation in women in response to reward while men have higher 

activation of the left putamen when receiving monetary rewards (Spreckelmeyer et al., 

2009). This evidence suggests that different reward types might be needed for women 

and men and that comparisons in reward senstivity need to take these differences into 

account. 

 Another factor to take into consideration is sex differences in self-report. It has 

been shown that women report more stress than men (Kroenke and Spitzer, 1998). These 

sex differences may underlie the differences seen in self-report measures of stress.  

 Despite the possible limitations mentioned here, these results show that reward 

sensitivity changes in response to stress. Additionally, reward sensitivity can also predict 

how well one might react to a psychosocial stressor. As predicted by Charney (2004), 

resilient individuals (identified by self-reported resilience or smaller changes in 

physiological or psychological stress) are also those who are more sensitive to rewards 

(BAS and reaction to MID). Individual and sex differences reported in this study may 

underlie differences in resilient responses. Southwick et al. (2005) proposed that “a 

resilient reward system might be one that for genetic and possibly developmental reasons 
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has highly sensitive dopamine receptors and/or is resistant to stress-induced cerebral 

dopamine depletion”.   

The neurobiological underpinnings of sex and individual differences in reward 

sensitvity need to be further investigated. It has been shown that apart from sex 

differences in reward sensitivity there are also sex differences in brain activation in 

response to humor, another critical positive emotion linked to resilience (Azim et al., 

2005). Carter and colleagues (2009) found that more reward-sensitive individuals 

exhibited relatively more activation to gains compared to losses (Carter et al., 2009).  

The studies shown here are among the first to elucidate the relationship between 

reward and resilience. Further research is needed to explore the various components that 

may determine more resistant reward systems, and to define the brain circuits that 

underlie resilience. Research should focus on the biological (e. g. genetic and neural 

circuits) underpinnings of sex and individual differences in reward and stress 

responsiveness.  
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CHAPTER 6 

6 CONCLUSIONS AND FUTURE DIRECTION 

 

The number of PTSD diagnoses is rapidly increasing. In the midst of two wars 

there is a soaring increase in PTSD rates in veterans returning from Iraq and Afghanistan. 

There is to this day no specific pharmacological treatment for this disorder, and most 

patients are given antidepressants. Understanding the brain circuitry behind this disorder 

might bring insight into the causes, treatments, and possible preventive efforts for PTSD. 

The study of the neural substrate of PTSD is best tackled using a multidisciplinary 

approach including psychological, neuroscientific and pharmacological studies. The 

present studies employed such a multidisciplinary approach. Two different models, 

human and animal were used. Similarly, varied methodologies to approach the study of 

how the brain processes trauma and stress were also utilized. 

This dissertation explored the role of a reward related area, the ventral tegmental 

area (VTA), and reward sensitivity on responses to stress in two different models. Using 

a rodent model of PTSD, long-term changes in VTA cell electrophysiology were shown 

(Chapter 4). Moreover, using reversible inactivation it was demonstrated that the VTA is 
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necessary for the appearance of anxiety-like behaviors in rodents (Chapter 4). In a human 

study of psychosocial stress, reduced reward function, specifically reward sensitivity, was 

observed after stress (Chapter 5). More interestingly, higher reward function (both self-

report and behavior) predicted higher resilience (self-report and smaller physiological and 

psychological changes after stress exposure). Moreover, as previously predicted people 

with higher reward sensitivity also respond in a more adaptative manner. These data 

show that stress alters both reward sensitivity in humans and the electrophysiology of a 

reward related brain area, VTA, in rodents.   

 

6.1 Importance of Empirical Data About Stress  

 Empirical data are necessary to provide information about the consequences of 

stress. In both animal and human experiments, stress induction is used to study the 

complex behavioral, neuroendocrine and neurobiological changes that occur after the 

exposure to stress. These experiments not only help the understanding of stress related 

disorders, such as depression, PTSD and other types of anxiety, but also allow for the 

development of possible novel treatments as well as new preventative methods.  

 Animal and human studies are necessary, and each provides different but essential 

information about the consequences of stress. Animal models allow for the study of the 

neurobiology involved in the development of PTSD (brain effects that occur before, 

during and after a traumatic stress). In addition, human research allows for the study of 
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the consequences of stress on higher-order cognitive processes as well as provides a 

better understanding regarding individual variability in response to stress (both genetic 

and environmental factors). 

  

6.2 Importance of Animal Models 

Animal models have proven to be essential to medical sciences as well as 

neurosciences. They have contributed significantly to our understanding of various 

psychiatric and non-psychiatric illnesses.  In the study of the brain circuitry involved in 

specific psychiatric disorders, generalizations across species (from rodent to human) are 

possible because humans and other animals (especially mammals) share many 

neurobiological characteristics. This allows the knowledge obtained from animal models 

to be translated to a clinical setup in humans.   

Moreover, with the advent of new technology (e.g. genetic engineering, 

optogenetics, and novel imaging and neurophysiologic recording setups) the use of 

animal models of psychiatric disorders has become more common and these have brought 

new insights that could not have been possible otherwise. Additionally, great progress has 

been made in devising tests that allow for the study of the direct relationship between 

brain function and behavior (e.g. conditioned place preference, elevated plus maze). This 

has also permitted the development of better animal models of psychiatric disorders.  
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As seen in Chapter 1, risk factors for the development of PTSD comprise many 

and diverse causes that include genetic and environmental factors. Although human 

studies can provide post hoc information about the effect of the environment and genetics 

on the appearance of PTSD, only animal models offer the type of control needed to study 

these relationships. For example if biomarkers for a certain disorder are established, an 

animal model can be built through genetic engineering or pharmacological manipulations 

to mimic what is seen in humans. Research in these models allows for genetic and 

neurobiological manipulations that cannot be performed in humans. Moreover, 

knowledge from these studies can provide information for the further development of 

treatments and preventive efforts. 

An additional advantage of using animal models is that it allows the investigation 

of novel pharmacological treatments. Apart from measuring the efficacy of drugs, animal 

models can also provide information regarding side effects and how debilitating these 

might be. Animal models provide a first step in the development of important drugs that 

might help alleviate symptoms of many psychiatric and non-psychiatric disorders.  

Specifically, animal models of PTSD also have the potential to provide insights 

into the etiology, course, and possible novel treatments of this disorder. The type of 

animal model used here, inescapable foot-shock, comes from a widely accepted family of 

animal models. As shown in Chapter 1, this type of animal model has demonstrated many 

symptomatic and physiological similarities with human PTSD (Stam, 2007).  This 

includes increases in anxiety (Van Dijken et al., 1992a; Stam et al., 2002; Louvart et al., 
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2005), hypervigilance (Mikics et al., 2008; Langevin et al., 2010), decreases in social 

interaction (Louvart et al., 2005), as well as increases in nociception  (Geerse et al., 

2006). These models have also been shown to have similar neuroendocrine responses 

(Louvart et al, 2005). Additionally, Krishnan et al. (2007) reported that stress exposed 

animals showed deficits in sensitivity to natural rewards (sucrose preference) and 

increases in drug seeking behavior (cocaine place preference), similar to that  seen in 

human PTSD patients.  The data reported in this dissertation suggest that similar to 

human patients, rats that undergo a traumatic experience have a decreased brain reward 

activity (VTA in rodents, nucleus accumbens in humans) (Elman et al., 2009).  

Finally, although there has been considerable development and improvement of 

neuroimaging technologies and techniques that allow for the study of the human brain, 

animal models still represent the best approach for investigating the underlying 

neurobiology of PTSD. This is because they allow the study of the direct relationship 

between brain function and behavior in a controlled manner, and the study of novel 

pharmacological treatments.  

 

6.3 Caveats While Using Animal Models 

 Modeling psychiatric disorders is notoriously difficult. The intricacy of this 

enterprise relies on the lack of objective diagnostic tests and limited knowledge about the 

underlying molecular, cellular, and systems neurobiology of these disorders. The 



 
238 

 
diagnosis of PTSD depends on subjective diagnostic manuals, and the modeling of these 

symptoms is sometimes difficult especially because no reliable biomarkers (e.g. amyloid 

plaques for Alzheimers disease or siginificant dopamine cell decreases in Parkinson’s 

dissease) are known for this disorder. 

 Nestler and Hyman (2010) mentioned that “knowledge of the pathophysiology 

remains scant and objective diagnostic tests are lacking”( pg. 1161). Likewise they say 

that “diagnoses are based solely on phenomenology; that is, on symptoms, signs and 

courses of illness”.  This type of diagnosis leaves room for a lot of variability and lack of 

uniformity in symptoms observed in most PTSD patients. This lack of uniformity in 

symptoms makes the development and validation of animal models very difficult. Due to 

these difficulties it is important to construct a set of criteria needed for valid models of 

PTSD (See Chapter 1). The animal model used for the research shown in this dissertation 

meets these criteria (See Chapter 3).  

 A number of the symptoms used to diagnose PTSD, such as nightmares and 

flashbacks, cannot be modeled in animals. Only some symptoms are readily modeled 

(e.g. anxiety-like behaviors, avoidance).  Frequently, only a few of the symptoms can be 

modeled at a time. For example learned helplessness models more efficiently mimic 

withdrawal symptoms while exposure to predator odor more closely mimics avoidance 

behaviors.  Therefore animal models are unlikely to mirror the full extent of a given 

psychiatric disorder.  
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Another limitation of animal models is that individual symptoms observed in 

animal models usually do not map directly to individual symptoms in humans.  Many of 

the symptoms seen in animal models rely on heavy interpretation in order to be tied to 

human disorders. For example compulsive grooming in rats is interpreted as a model of 

compulsive behaviors seen in humans who have been diagnosed with obsessive-

compulsive disorder.  

 No single animal model will address all the symptoms seen in PTSD patients. 

Animal models typically use a single stressor type (e.g. predator odor, footshock, forced 

swim test). However, traumatic experiences in humans are complex and multifaceted. 

Moreover, as seen in Chapter 1, exposure to trauma does not alone determine the 

appearance of PTSD symptoms, which depends on many pre-existing risk factors that are 

sometimes hard to model in animals.  

Despite these limitations and difficulties animal models are necessary for the 

detection of the underlying causes and, most importantly, for the discovery of new 

treatments and possible prevention for PTSD. Animal models’ shortcomings mostly 

depend on our limited knowledge about the etiology and neurobiology of PTSD as well 

as limited diagnostic methods. Better understanding of this disorder, and other disoders, 

as well as underlying neurobiology will allow for better animal models. 
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6.4 Individual Differences Implications for Sex Differences Studies 

 As mentioned in Chapter 1, sex differences in PTSD rates have been observed in 

some studies. However, mixed results have been demonstrated. Many studies have shown 

that PTSD rates are higher in women even though it has been reported that women 

experience less trauma than men (Kessler et al., 1995). It has been hypothesized that 

these differences might be due to methodological differences or due to the type of trauma 

that women are exposed to (e.g. sexual assault). Although it has been shown in some 

studies that women might experience fewer traumatic events, it has also been shown that 

certain traumatic experiences are seen as more threatening in women (Norris et al 2002). 

That is, witnessing a robbery might be more threatening for a woman than for a man. 

Norris and colleagues (2002) argue that when taking into consideration the subjective 

feeling arising from trauma, trauma exposure might not differ between men and women.  

 Other studies have shown comparable or even higher trauma exposure rates in 

women. Robin et al. (1997) reported higher lifetime prevalence of trauma exposure and 

Brewin et al. (2000) found little to no difference.  Likewise some studies have shown that 

there are no sex differences in outcomes when exposed to the same stressor. Freedman et 

al. (2002) showed that there were no sex differences in recovery rates after motor vehicle 

accidents. 

 These data might imply that there are no sex differences in response to stress 

when males and females are exposed to the same stressor. However, sex differences have 

been reported in non-clinical sample in response to psychosocial stress. Kelly et al. 
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(2008) found that women had significantly higher increases in negative affect and 

decreases in positive affect. However, consistent with the results seen in this dissertation 

(see Chapter 5), Kelly et al. also reported a lack of sex differences in plasma cortisol 

response to stress.  

 Sex differences have also been explored in animal models. Some models have 

failed to show increased behavioral effects in female rats after stress. Louvart et al. 

(2006) reported that both male and female rats showed a high level of avoidance after 

exposure to stress (shock). Moreover, this study demonstrated that avoidance was higher 

in males than in females. This study may imply that female rats have fewer sequelae after 

being exposed to stress. 

An additional complication in exploring sex differences is the presence of the 

estrous cycle in women and female rats. Animal models have explored the effect that the 

phase of the cycle has on behavioral effects after stress. Mazor et al. (2009) explored 

cycle phase and found it to have a significant effect on anxiety-like behavior both before 

and after stress. The lowest anxiety index before stress was during the proestrous cycle. 

Moreover, one of the biggest changes (higher increases in anxiety index) is also observed 

when female rats are in the proestrous cycle (Mazor et al., 2009). 

The mechanisms that underlie sex differences are poorly understood. Further 

experiments in both human and animal models are needed to elucidate the 

neurobiological and genetic underpinnings of these sex differences. Moreover, the role 
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that the estrous or menstrual cycle has on behavioral and biological reactions to stress 

needs to be investigated. 

     

6.5 Individual Differences: Implications for Genetic Studies 

 As seen in both human and animal studies, there is a great deal of individual 

differences in response to stress. These differences are thought to be caused by genetic or 

environmental variables. A number of studies have looked at environmental risk factors 

for the development of PTSD (e.g. previous experience of stress, lack of social support) 

(see Chapter 1).  With the advent of better genetic techniques, researchers are now able to 

investigate some of the underlying genetic causes that can also be determining factors in 

the appearance of several psychiatric disorders.  

 Although extensive research has been conducted to elucidate the genetic basis of 

diverse neuropsychiatric disorders, little is known about the underlying genetic risks for 

the appearance of PTSD symptoms. Broekman et al. (2007) reviewed various molecular 

genetic studies relating to PTSD. They found that the 8 most prominent genes in relation 

to PTSD are in the serotonin, dopamine, glucocorticoid, GABA, alipoprotein, 

neuropeptide Y and brain derived neurotrophic factor systems (See Table 6.1). 
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Table 6.1 Candidate genes for the risk of PTSD.  

Gene Function (known or 

hypothetical) 

Chromosomal 

Location 

Subjects Controls Results Paper 

Author/Year 

5-HTT Serotonergic 
neurotransmission 

17q11.1-q12 100 197 Pos. assoc. betw. 
SS genotype and 
PTSD 

Lee et al., 

2003 

DRD2 Dopamine D2 
receptor expression 

11q22-23 63 None Pos. assoc. betw. 
DRD2 A1 allele 
and response to 
paroxetine 

Lawford et al., 

2005 

DRD2 Dopamine D2 
receptor expression 

11q22-23 91 51 Pos. assoc. betw. 
DRD2 A1 allele 
and PTSD + 
alcohol 

Young et al., 

2002 

DRD2 Dopamine D2 
receptor expression 

11q22-23 52 87 No assoc. betw. 
DRD2 and PTSD 

Galernter et 

al., 1999 

DRD2 Dopamine D2 
receptor expression 

11q22-23 37 19 Pos. assoc. betw. 
DRD2 A1 allele 
and PTSD 

Comings et 

al., 1996 

DAT Still unknown, 
possible role in 
dopaminergic 
neurotransmission 

Unknown 102 104 Pos. assoc. betw. 
dopaminergic 
activity and PTSD 

Segman et al., 

2002 

GR Glucocorticoid 
receptor expression 

5q31-5q32 75 33 No assoc. betw. 
N363S/Bell GR 
polymorphisms 
and PTSD 

Bachmann et 

al., 2005 

GABR3 GABA(A) receptor 
beta 3 expression 

15q11-13 20G1G1 39 G1-
non-G1 
27 non-
G1-
nonG1 

Pos. assoc. betw. 
heterozygosity of 
GABA(A) receptor 
beta 3 subunit gene 
and high scores for 
anxiety/insomnia, 
depression, 
somatic symptoms 
+ social 
dysfunctioning 

Feusner et al., 

2001 
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APOE 34kDa protein 

mediating binding 
of lipoproteins to 
the LPL receptor 

12q13-14 54 
 
APOE2/2 
APOE2/3 
APOE2/4 
APOE3/3 
APOE3/4 

None Assoc. betw. 
APOE2 and poorer 
memory scores + 
more severe 
experiencing 

Freeman et al., 

2005 

BDNF Proliferation and 
differentiation of 
nerve cells and 
regulatory effects 
on diverse 
neurotransmitter 
systems 

Unknown 69 
 
G-712A 
C270T 
Val66Met 
 

250 No assoc. betw. 
BDNF G-712 A, 
C270T and 
Val66Met and 
PTSD 

Zheng et al., 

2006a, b 

BDNF Proliferation and 
differentiation of 
nerve cells and 
regulatory effects 
on diverse 
neurotransmitter 
systems 

Unknown 106 
 
Val66Met 

161 No assoc. betw. 
BNDF Val66Met 
and PTSD 

Lee et al., 

2006 

NPY Vasoconstriction 
and inhibition of 
catecholamine 
release 

Unknown 77 
 
Pro7/leu7 
Leu7/leu7 

267 No assoc. betw. 
NPY pro7/leu7 and 
leu7/leu7 and 
PTSD 

Lappalainen et 

al., 2002 

Table modified from Broekman et al (2007). 

 

Of particular interest to this dissertation is the finding that dopamine gene 

polymorphism is associated with PTSD. There are two important genes that are thought 

to directly affect the dopamine system in PTSD patients: the dopamine receptor gene 

(DRD2) and the dopamine transport gene (DAT). Some studies have found links between 

the DRD2 gene and PTSD yet others have failed to detect such links (Broekman et al., 

2007).  The inconsistency might reflect the confounding factor of alcohol abuse (Young 

et al., 2002). The DAT gene has also been associated with the occurrence of PTSD.  A 

specific polymorphism of this gene has been linked to increased dopaminergic activity in 

PTSD patients. These studies have shown that although further experiments are needed to 
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control for co-morbid alcohol and substance abuse, it is clear that genes regulating 

dopamine levels are involved in the appearance of PTSD.  

Genetic studies in PTSD patients have been quite inconsistent, making the effort 

of discovering the underlying genetics of this disorder very difficult. These 

inconsistencies might be due to possible co-morbid disorders or due to genetic and 

environmental interactions. Further research is needed to produce more solid conclusions 

in regard to the genetics of PTSD.  

Interestingly, many of the genes that were found to function as a risk factor for 

psychiatric disorders have also been found to be important for resilience (different 

polymorphisms). Complex interactions between a person’s genetic make-up and the 

previous history of stress determine their resilience.  For example, it has been found that 

there are individual differences in response to reward anticipation and that these are 

associated with a specific dopamine-gene polymorphism (Dreher et al., 2009; Feder et al., 

2009). These individual differences may also underlie differences in resilient behavior.  

As seen in Chapter 3, individual differences in response to stress were found if 

animals were separated into low and high thigmotatic groups. Although this was not 

explored in the electrohysiological or phrmachological experiments (due to a small n) this 

avenue should be explored. If a behavioral vulnerability observed through this separation, 

there might be a neurobiolgical process inderlyinig it.   

PTSD is a very complex psychiatric disorder and the appearance of symptoms 

relies on the interaction of enviromental and genetic risk factors. As mentioned in 
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Chapter 1 previous maltreatment durng childhood is a strong risk factor for the 

development of PTSD during adulthood. Childhood experiences can result in epigenetic 

changes, such as methylation. Ressler et al. (2011) showed that the extent of methylation 

of a site in ADCYAP1R1 (PACAP receptor gene) is related of PTSD symptoms.  

Another possibility is that vulnerability to PTSD is passed on through genetic 

impriniting.  Genetic imprinting refers to the expression of certain genes in a parent of 

origin specific manner. In most genes maternal and paternal alleles are transcribed. In the 

case of genomic imprinting these are moallelically expressed depending from which 

parent they are inherited from. Thus, maternally expressed genes are only expressed 

when inherited from the father and silenced if inherited from the mother. The opposite 

occurs for paternally expressed genes. Genomic imprinting has been shown to be 

associated with human mental disorders such as Angelman Syndrome, Parede-Will 

syndrome, Turne’s Syndrome and several psychiatric disoders including autisim 

spectrum disorder (Curley, 2011) . Not much is known about the relationship between 

genomic imprinting and the appearance of PTSD. Sex specific genetic variants associated 

with PTSD (Ressler et al. 2011) may provide evidence towards the inheretabilty of this 

disorder.  

Although genetic based therapeutics are in their embryonic stage knowledge 

about specific links between genetics and psychiatric disorders might have important 

implications for other types of treatments. Charney (2004) proposed that genetic 

differences might determine responses to dopamine enhancing drugs. Similarly, Lenox 
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and colleagues (2002) suggested that there could be an endophenotype related decreased 

reward sensitivity when exposed to stress. Evidence for this hypothesis has been seen in 

patients with major depressive disorder. Patients with more severe depression symptoms 

showed increased reward responses when exposed to amphetamines.  These individual 

differences in response to treatments with genetic underpinnings may also be present in 

PTSD patients.   

Knowledge about these endophenotypes might also yield insights about 

preventive efforts. Moreover, knowing if a person has a genetic predisposition for PTSD 

can help in preventing or treating the appearance of psychiatric disorders through 

psychological and/or pharmacological therapeutics. 

 

6.6 Reward, Dopamine and Stress 

6.6.1.1 Implications for the Treatment of PTSD 

 Despite the lack of exclusive pharmacological treatments for PTSD symptoms, 

patients continue to receive drugs developed for other psychiatric disorders. 

Pharmacological treatments for PTSD have focused on serotonin reuptake inhibitors. 

These drugs, usually used as antidepressants, were not developed for the treatment of this 

disorder and, most importantly, have been proven not to be very effective at treating all 

of the symptoms seen in PTSD patients (Berger et al., 2009). 
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 The studies reported in this dissertation (see Chapter 4) demonstrate that the 

VTA, one of the main dopamine-containing brain areas is affected by stress and that this 

area is necessary for the emergence of anxiety-like symptoms in a rodent model of PTSD.  

These findings provide evidence for a new line of pharmacological studies focusing on 

dopamine. In line with this theory, dopamine increasing agents (psychostimulants) have 

proven to ameliorate some cases of PTSD and atypical antipsychotics have proven to be 

effective as add-on treatments as well as in monotherapy (Berger, 2009; Houlihan, 2010). 

(Also see Table 1.5 in Chapter 1).  

 Since PTSD is such a complex disorder, a combination of psychological and 

pharmacological treatments might prove to be the most effective. It has been shown that 

extinction-based therapies are among the most effective treatments for PTSD. Animal 

studies have shown that extinction is not about erasing old memories; instead, it is about 

making new memories. Dopamine might help with producing new memories that replace 

the old re-occurring and intrusive ones that are linked to the traumatic experience. 

Congruent with this theory, research using Tolcapone (which causes inhibition of an 

enzyme that metabolizes dopamine) showed memory improvements (Apud et al., 2007). 

Dopamine receptor (D2) antagonists have also been shown to increase extinction learning 

in rats (Quirk and Mueller, 2008). Simultaneous psychological treatments accompanied 

by dopamine enhancing agents might increase the likelihood of recovery from PTSD 

symptoms.  
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 Research shown here provides insights about dopamine agents as possible 

pharmacological treatments for PTSD. These used alone, as add-on treatments or even as 

conjoint pharmacological and psychological treatments can provide more adequate 

treatments for PTSD symptoms. More research is needed in both animal models and 

clinical studies in humans to provide information about the efficacy of dopamine 

enhancing pharmachological treatments in PTSD. 

 

6.6.1.2 Reward Sensitivity Factor: Implications for Prevention and Treatments 

 Apart from dopamine enhancing treatments one can also focus on treatments that 

enhance reward sensitivity. Human studies reviewed in this dissertation indicate that 

people with higher reward sensitivity are also those who are more resilient (See Chapter 1 

and 5). These results are congruent with previous theories.  Haglund and colleagues 

(2007 pg. 903) predicted: “a stable and well functioning system of reward pathways and 

response to pleasant stimuli is a prerequisite for dealing successfully with stress and 

traumatic life experiences”.   

 Positive emotions have been mentioned to be important for the capacity to tolerate 

stress. People with higher positive emotions suffer from fewer stress-related illnesses, 

including non-psychiatric and psychiatric medical disorders (Haglund et al., 2007). 

Likewise, Folkman and Moskowitz (2000) proposed that positive emotions may help 

reduce the risk of stress related psychopathology by decreasing autonomic arousal.  
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 Humor, a common positive emotion, is thought to reduce the negative emotional 

impact of stressful situations (Folkman, 1997). Most importantly, humor attracts social 

support, which also increases the capacity to tolerate stress or have a resilient response 

(Haglund et al., 2007). This positive mood might increase other positive emotions by 

facilitating dopaminergic transmission. Congruent with this idea, Mobbs et al. (2003) 

showed that humor modulates mesolimbic reward centers.  

  Cognitive reappraisal is the “ability to reframe and reevaluate experiences in a 

more positive light” (Haglund et al., 2007). This ability transforms the feeling arising 

from a negative event to a possible moment of growth, and this is an ability often seen in 

resilient individuals (Southwick et al., 2005). Finding a positive meaning in stressful or 

traumatic events is thought to facilitate the capacity to adapt (Haglund et al., 2007). 

 Resilience has also been linked to secure attachment (Simeon et al., 2007). This 

type of attachment style is probably achieved best when parents have a good relationship 

with their children. Apart from a good relationship, exposure to mild manegable stress 

also aids in building a resilient neurobiology (Haglund et al., 2007). Young children who 

learn to cope with stress effectively regulate their responses better than children that have 

never experienced stress before (Feder et al., 2009). Thus, the early development of 

coping mechanism and secure attachment are essential for the progress of resilient 

abilities.  

 The possible new pharmacological therapies mentioned earlier in this chapter will 

undoubtedly be more effective if combined with psychological therapies.  Cognitive 
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behavioral therapies can include assistance with increasing positive emotions, such as 

humor, or help reframe negative stimuli in a more positive light. These treatment 

combinations would very likely be among the most effective.  

Data from this dissertation and the previously cited papers seem to demonstrate 

that proper function of reward brain circuits is necessary for healthy adaptation after 

adversity (Chapter 4).  Cognitive and emotional function related to reward is also 

important (Chapter 5). Research on resilience, and the neurobiology underlying it, should 

reveal important information about new psychological and pharmacological treatments 

and, even possibly, preventive efforts. 

 

6.7 Resilience: More Than Just Reward 

As shown throughout this dissertation, the appearance of psychiatric disorders depends 

on many factors, including environmental and biological ones.  Exposure to stress can 

either result in a maladaptive response (appearance of a stress disorder) or in a resilient 

response. Resilience is a multidimensional attribute that involves various brain areas 

interacting in a complicated brain circuit. Haglund and colleagues (2007) reviewed some 

of processes related to resilient responses. Moreover, they described the brain structures 

that are associated with them (See Table 6.2 and Chapter 2). 
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Table 6.2 Neural Systems involved in resilience. 

Mechanism Neurochemical 
Systems 

Brain Regions Association with 
Resilience 

Association with 
Psychopathology 

Reward Dopamine, 
dopamine receptors, 
glutamate, NMDA 
receptors, GABA, 
opioids, cAMP 
response element 
binding protein, 
ΔFosB 

Medial prefrontal 
cortex, orbital 
frontal cortex, 
nucleus accumbens, 
amygdala, 
hippocampus, 
ventral tegmental 
area, hypothalamus 

In resilient 
individuals, stress 
does not produce 
impairment in 
neurochemical or 
transcription factor-
mediated reward 

Stress-induced 
reduction in 
dopamine and 
increases in cAMP 
response-element 
binding protein 
transcription 
produces a 
dysfunction in 
reward circuitry, 
leading to anhedonia 
and hopelessness 

Reconsolidation Glutamate, NMDA 
receptors 
norepinephrine, β-
adrenergic receptors, 
cAMP response-
element binding 
protein 

Amygdala, 
hippocampus 

The lability of the 
memory trace allows 
a reorganization of 
original memory that 
is less traumatic 

Repeated 
reactivation and 
reconsolidation may 
further strengthen 
the memory trace 
and lead to 
persistence of 
trauma-related 
symptoms 

Extinction Glutamate, NMDA 
receptors, voltage-
gated calcium 
channels 
norepinephrine, 
dopamine, GABA 

Medial prefrontal 
sensory cortex, 
amygdala 

An ability to quickly 
attenuate learned 
fear through a 
powerful extinction 
process 

Failure in neural 
mechanisms of 
extinction may relate 
to persistent 
traumatic memories, 
re-experiencing 
symptoms, 
hyperarousal, and 
phobic behaviors 

Table Adapted from Haglund et al (2007)  

 

Apart from reward, Haglund and colleagues (2007) claim that reconsolidation and 

extinction of traumatic memories are implicated in the vulnerability or resilience to the 

appearance of a psychiatric disorder such as PTSD. They claim that individuals who are 

able to lessen learned fear through extinction are probably more likely to have resilient 
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responses to extreme stress. Memories when retrieved become reactivated and prone to 

change.  These memories can become stronger through reconsolidation; however, they 

can also become weaker through extinction (Eisenhardt and Menzel, 2007).   More 

research that will increase the understanding of reconsolidation and extinction in PTSD 

patients will increase the treatment possibilities for trauma victims.  

Haglund and colleagues (2007) show that areas such as the mPFC, amygdala, 

hippocampus and ventral tegmental area play important roles in the neurobiology of 

resilience (See Table 6.2). The mPFC has a main role in extinction, the hippocampus has 

a role in memory consolidation and the VTA has been shown to be important for reward. 

However, many of these brain areas have roles in more than one process important for 

resilience.  The elucidation of the interactions of all these brain regions is of the utmost 

importance. 

Psychiatric disorders such as PTSD are complex and likewise the neurobiology 

underlying them is also multifaceted. The investigation of the neural substrate of PTSD 

requires a multidisciplinary approach including psychological, neuroscientific and 

pharmacological studies. This dissertation provides insight about this dissorder through 

pharmacological, electrophysiolgical and psychological experiments in two different 

models.  Using an animal model, it was shown that stress changes the electrophysiology 

of reward related area (VTA) and that this area is necessary for the appearance of 

anxiety-like behaviors. Additionally, using a human model of psychosocial stress a link 

between reward sensitivity and resilience was found. It is important to note that although 



 
254 

 
reward sensitivity and reward related areas are an important part of resilient responses, 

there are also other essential mechanisms and brain areas. Further experiments are needed 

to explore the behavioral and the neurobiological underpinnings of resilience.  
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APPENDIX A: SUPPLEMENTAL FIGURES 
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APPENDIX B: QUESTIONNAIRES 

1 Questionnaires 

1.1 Demographics 

 

What is your sex?:  _______ 

What is your age?:  _______ 

What year in college are you in? 

___Freshman  ___Sophmore ____Junior  ____ Senior ____ Other please specify 

What is your ethnicity?      Hispanic or Latino     NOT Hispanic or Latino     

What is your race?   Asian     African-American     Caucasian    Native American / Alaskan     

Native Hawaiian or Pacific Islander    Other: _________________________________________ 

Are you fluent in English?  Yes      No   

What is your height?: _______  

What is your weight?: _______  

Are you currently employed?  

What is your monthly salary, net income after taxes? 
less than $1,000  
$1,000 to  $2,000  
$2,000 to  $3,000  

$3,000 to  $4,000 

$4,000 to  $5,000 
More than $5,000 

If you are not employed who pays for your monthly stipend? 

__mother  __ father ____both parents   ___other family member  

___ Scholarship   ___ other (please specify) _________________ 
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If your stipend is provided by parents or family member, estimate their household income after tax. 

less than $12,000  
$2,000 to  $5,000  
$5,000 to  $7,500  

$7,500 to  $10,000 
More than $10,000 

          

------------------------------------------------------------------------------------------------------------------------------ 

 

What are your parent’s education levels?  (check one for each): 

Mother:   Less than high school    High school    Some College    B.A.     Graduate School          

Father:    Less than high school    High school    Some College    B.A.     Graduate School          

 

Are you taking ANY medications currently?   Yes      No  

(i.e. oral contraceptives, mood altering drugs, prescription medicine, etc.) 

 If so:  what specific medications/dosage?: 

 

 

Have you taken any over-the counter medications today?  Yes      No   

(i.e. Aspirin, Tylenol, Ibuprofen, etc.) 

If so:  what specific medications/dosage?: 

 

Have you ever experienced a trauma to your head resulting in a loss of consciousness or been diagnosed 
with a neurological impairment or illness?  Yes      No  

 If so:  please describe: 
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Have you ever been diagnosed with an endocrine disorder, such as thyroid or adrenal problems?  

Yes      No  

If so:  please describe: 

 

 

Have you or anybody in your family suffered from a psychological disorder?  Yes      No  

If so:  Please specify: __________________________ 

 

How long ago did you last eat?  __________________________ 

 

Have you drunk any coffee or other caffeinated beverages today?   Yes      No  

If so:  when and how much?: 

 

Do you regularly use tobacco products?    Yes      No  

 If so:  when and how much have you used today?: 

 

Is this a particularly stressful time of year? 

If so:  please describe: 

 

Did you do anything that might have stressed you before you came here? 

If so:  please describe: 

 

------------------------------------------------------------------------------------------------------------------------------ 

What time do you normally wake up in the morning on weekdays?  ________ 

 

What time did you wake up today in the morning?  ________ 
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------------------------------------------------------------------------------------------------------------------------------ 

Do you work out regularly? 

If so: How many hours a week? 

------------------------------------------------------------------------------------------------------------------------------ 

For Women: 

 When was the date of your last menstrual cycle (first day of bleeding)?:  ________ 

  (see calendar upon clipboard if needed) 
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1.2 Short Demographics 

 

What year in college are you in? 

___Freshman  ___Sophmore ____Junior  ____ Senior ____ Other please specify 

 

What is you major? ___________________ 

 

------------------------------------------------------------------------------------------------------------------------- 

Is this a particularly stressful time of year? 

If so:  please describe: 

 

Did you do anything that might have stressed you before you came here? 

If so:  please describe: 

 

------------------------------------------------------------------------------------------------------------------------- 

Have you taken any over-the counter medications today?  Yes      No   

(i.e. Aspirin, Tylenol, Ibuprofen, etc.) 

If so:  what specific medications/dosage?: 

 

How long ago did you last eat?  __________________________ 

 

Have you drunk any coffee or other caffeinated beverages today?   Yes      No  

If so:  when and how much?: 

 

Do you regularly use tobacco products?    Yes      No  
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 If so:  when and how much have you used today?: 

 

------------------------------------------------------------------------------------------------------------------------------ 

What time do you normally wake up in the morning on weekdays?  ________ 

 

What time did you wake up today in the morning?  ________ 
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1.3 Beck Anxiety Inventory 

Below is a list of common symptoms of anxiety. Please carefully read each item in the list. Next 
to each item, rate how much you have been bothered by that symptom during the past month.  

Use the scale provided below: 
0=Not at all  
1=Mildly, but it didn't bother me much  
2=Moderately, it wasn't pleasant at times 
3=Severely- it bothered me a lot 
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1.4 Resilience 

Please circle the number that indicates how much you agree or disagree with each 
statement, where 1 is strongly disagree and 7 is strongly agree.  
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1.5 Defense Style Questionnaire-40 

 

This questionnaire consists of a number of statements about personal attitudes. There are 
no right or wrong answers. Using the 9-point scale please indicate how much you agree 
or disagree with each statement by selecting  one of the numbers on the scale besides the 
statement. For example a score of 5 would indicate that you neither agree or disagree 
with the statement, a score of 3 that you moderately disagree, and a score of 9 that you 
strongly agree. 

 
 Strongly                                            Strongly     

disagree                                                agree 

1 2 3 4 5 6 7 8 9 

1. I get satisfaction from helping others and if this 
were taken away from me I would get depressed  

         

2. I'm able to keep a problem out of my mind until 
I have time to deal with it  

         

3.  I work out my anxiety through doing 
something constructive and creative like 
painting or wood work 

         

4. I am able to find good reasons for everything I 
do 

         

5. I am able to laugh at myself pretty easily          

6. People tend to mistreat me          

7. If someone mugged me and stole my money, I'd 
rather he be helped than punished 

         



 
266 

 

8. People say I tend to ignore unpleasant facts as if 
they didn't exist  

 

         

9. I ignore danger as if I were Superman          

10. I pride myself on my ability to cut people down 
to size 

         

11. I often act impulsively when something is 
bothering me 

         

12. I get physically ill when things aren't going well 
for me 

         

13. I am a very inhibited person          

14. get more satisfaction from my fantasies 
than from my real life  

 

         

15. I've special talents that allow me to go through 
life with no problems  

         

16. There are always good reasons when things 
don't work out for me 

         

17. I work things out in my daydreams than in my 
real life 

         

18. I fear nothing          
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19. Sometimes I think I'm an angel and other times 
I think I'm a devil  

 

         

20. I get openly aggressive when I feel hurt          

21. I always feel that someone I know is like a 
guardian angel  

 

         

22. As far as I'm concerned, people are either good 
or bad  

 

         

23. If my boss bugged me, I might make a mistake 
in my work or work more slowly so as to get 
back at him 

         

24. There is someone I know who can do anything 
and who is absolutely fair and just 

         

25. I can keep the lid on my feelings if letting them 
out would interfere with what I'm doing  

         

26. I'm usually able to see the funny side of an 
otherwise painful predicament  

 

         

27. I get a headache when I have to do something I 
don't like 

         

28. I often find myself being very nice to people 
who by all rights I should be angry at 
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29. I am sure I get a raw deal from life          

30. When I have to face a difficult situation I try to 
imagine what it will be like and plan ways to 
cope with it  

 

         

31. Doctors never really understand what is wrong 
with me 

         

32. After I fight for my rights, I tend to apologize 
for my assertiveness 

         

33. When I'm depressed or anxious, eating makes 
me feel better  
 

         

34.  I'm often told that I don't show my feelings          

35. If I can predict that I'm going to be sad ahead of 
time, I can cope better 

         

36. No matter how much I complain, I never get a 
satisfactory response 

         

37. Often I find that I don't feel anything when the 
situation would seem to warrant strong 
emotions  

         

38. Sticking to the task at hand keeps me from 
feeling depressed or anxious  
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39. If I were in a crisis, I would seek out another 
person who had the same problem  

         

40. If I had an aggressive thought, I feel the need to 
do something to compensate for it  
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1.6 Positive And Negative Affect Scale 

 

This scale consists of a number of words and phrases that describe different feelings and 
emotions. Read each item and then mark the appropriate answer in the space next to that 
word. Indicate to what extent you felt during your speech. 
 
Use the following scale to record your answers: 
1= very slightly or not at all 
2= a little 
3 = moderately  
4= quite a bit 
 5= extremely 
 
______ cheerful  ______ sad   ______ active   ______ angry at self 
______ disgusted  ______ calm   ______ guilty   ______ enthusiastic 
______ attentive  ______ afraid   ______ joyful  ______ downhearted 
______ bashful  ______ tired   ______ nervous  ______ sheepish 
______ sluggish  ______ amazed  ______ lonely   ______ distressed 
______ daring  ______ shaky   ______ sleepy  ______ blameworthy 
______ surprised  ______ happy   ______ excited  ______ determined 
______ strong  ______ timid   ______ hostile   ______ frightened 
______ scornful  ______ alone   ______ proud   ______ astonished 
______ relaxed  ______ alert   ______ jittery   ______ interested 
______ irritable  ______ upset   ______ lively   ______ loathing 
______ delighted  ______ angry   ______ ashamed  ______ confident 
______ inspired  ______ bold   ______ at ease  ______ energetic 
______ fearless  ______ blue   ______ scared  ______ concentrating 
______ disgusted  ______ shy   ______ drowsy  ______ dissatisfied 

with self         with self  
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1.7 Spielberger State Anxiety Inventory 

Read each statement and select the appropriate response to indicate how you felt during 
the speech. There are no right or wrong answers. Do not spend too much time on any one 
statement but give the answer which seems to describe your present feelings best. 

Use the scale below:  
1= Not at all  
2= A little  
3= Somewhat   
4= Very Much So 

1. I feel calm  1 2 3 4 
2. I feel secure  1 2 3 4 
3. I feel tense  1 2 3 4 
4. I feel strained  1 2 3 4 
5. I feel at ease  1 2 3 4 
6. I feel upset  1 2 3 4 
7. I am presently worrying  

            over possible misfortunes  1 2 3 4 

8. I feel satisfied  1 2 3 4 
9. I feel frightened  1 2 3 4 
10. I feel uncomfortable  1 2 3 4 
11. I feel self confident  1 2 3 4 
12. I feel nervous  1 2 3 4 
13. I feel jittery  1 2 3 4 
14. I feel indecisive  1 2 3 4 
15. I am relaxed  1 2 3 4 
16. I feel content  1 2 3 4 
17. I am worried  1 2 3 4 
18. I feel confused  1 2 3 4 
19. I feel steady  1 2 3 4 
20. I feel pleasant  1 2 3 4 
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1.8 Behavioral Inhibition Scale and Behavioral Activation Scale 

Each item of this questionnaire is a statement with which a person may either agree or 
disagree. For each item, indicate how much you agree with or disagree with what the 
item says. Please respond to all the items; do not leave any blank. Choose only one 
response to each statement. Please be as accurate and honest as you can be. Respond to 
each item as if it were the only item. That is, don’t worry about being “consistent” in 
your responses.  

 

1.  Even if something bad is about to happen to me, I rarely experience fear or 
nervousness. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . . 3 . . . . . . . . . . . . . . . . . . . 4
  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
2.  I go out of my way to get things I want. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
3.  When I’m doing well at something I love to keep at it. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
4.  I’m always willing to try something new if I think it will be fun. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
5.  When I get something I want, I feel excited and energized. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
6.  Criticism or scolding hurts me quite a bit. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
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7.  When I want something I usually go all-out to get it. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
8.  I will often do things for no other reason than that they might be fun. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
9.  If  I see a chance to get something I want I move on it right away. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
10.  I feel pretty worried or upset when I think or know somebody is angry at me. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
11.  When I see an opportunity for something I like I get excited right away. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
12.  I often act on the spur of the moment. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
13.  If I think something unpleasant is going to happen I usually get pretty “worked up.” 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
14.  When good things happen to me, it affects me strongly. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
 
 
 
15.  I feel worried when I think I have done poorly at something important. 
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 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
16.  I crave excitement and new sensations. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
17.  When I go after something, I use a “no holds barred” approach. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
18.  I have very few fears compared to my friends. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
19.  It would excite me to win a contest. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
 
20.  I worry about making mistakes. 
 1 . . . . . . . . . . . . . . . . . . .  2. . . . . . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . . . . . . . 4  
 Very Somewhat Somewhat Very 
 true for me true for me false for me false for me 
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APPENDIX C: Human and Animal Subjects Approval 
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