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ABSTRACT

Interpersonal trauma (IT) is characterized as physical and/or sexual trauma occurring in
either childhood or adulthood. In women, the most common response to [T experiences is
Major Depressive Disorder (MDD). Comorbid conditions such as Post Traumatic Stress
Disorder (PTSD), substance abuse disorders, dissociative disorders, and somatization
disorders, among others, have been also observed in female survivors of IT. While the
pathophysiology underlying these psychiatric conditions in IT survivors is currently
unknown, the Hypothalamic-Pituitary-Adrenal (HPA) axis has been cited in the
pathophysiology of both MDD and PTSD. In the current study, plasma levels of
corticotrophin releasing hormone (CRH) and arginine vasopressin (A VP) were examined
in depressed women with and without histories of IT, as well as in healthy controls.
Plasma AVP levels in response to dexamethasone (DEX)-CRH challenge were also
examined in all three groups. While no differences in basal CRH or AVP levels were
noted between any group, the MDD+IT group had a lower AVP area under the curve
(AUC) in response to DEX-CRH challenge compared to healthy controls. No differences
in AVP AUC were observed between depressed groups with and without histories of IT.
Finally, using the Hamilton Depression Rating Scale (HAM-D) and the Trauma
Symptom Checklist (TSC-40), the current study demonstrated that depressed women
with histories of IT had more severe MDD as well as a greater number of psychiatric and
atypical depressive symptoms compared to the MDD-IT group. The current study
suggests that depressed women with histories of IT may have more complex psychiatric

and pathophysiological profiles than depressed women without such histories.
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LITERATURE REVIEW

I. BACKGROUND RELATED TO STUDY POPULATION
A. Depression and Gender

The World Health Organization has ranked unipolar major depressive disorder
(MDD) second only to ischemic heart disease in terms of global burden of illness
(Murray and Lopez, 1997). Data from community samples in established market
countries such as the United States (US), Canada, Australia, and Great Britain estimate
that approximately 10-25% of women and 5-12% of men experience depression during
their lifetimes (Pincus and Pettit, 2001). Prevalence rates of depression among general
medical patients have been cited as two to three times higher than that of community
samples and are particularly high among inpatients (Kessler et al., 1987; Regier et al.,
1993; Coyne et al., 1994). Women are almost twice as likely as men to be hospitalized
for depression, which adds to the burden of illness (American Psychiatric Association,
2000).

The prevalence rate of depression is twice as high in women as it is in men
(Kessler et al., 1994). Longitudinal studies have demonstrated that gender differences in
the prevalence of MDD emerge by age 13 (Choi et al., 1997; Hankin et al., 1998). Over
the course of adolescence the gap progressively widens, with prevalence rates of 4.5%
and 6.9% at age 15 in males and females respectively, and prevalence rates of 14.1% and
27.5% at age 18 (Hankin et al., 1998; Cyranowski et al., 2000). There has been
disagreement over whether gender differences in rates of MDD disappear after women
reach menopause. While some studies have demonstrated no gender differences in

prevalence rates of MDD following child-bearing years in women (Brown et al., 1992;



Meller et al., 1987), others have found that the 2:1 ratio remained constant following
menopause (Bijl et al., 1998; Zunzunegui et al., 1998).

No differences in the severity of depressive symptoms have been reported
between men and women (Frank et al., 1988; 1994; Young et al., 1990), but gender
differences appear to exist in the clinical presentation of symptoms, the course of the
depressive illness, and in the types of comorbid psychiatric disorders. Women are more
likely to present clinically with atypical symptoms such as hypersomnia, weight gain,
carbohydrate craving and hyperphagia (Carter et al., 2000; Burt.and Stein, 2002; Angst,
2002). Additionally, women tend to report a greater degree of distress, number of
symptoms, and functional impairment in occupational and familial roles (Frank et al.,
1988; Young et al., 1990; Leibenluft et al., 1995; Kornstein et al., 2000).

Greater chronicity and episode recurrence have also been observed in women
(Kornstein et al., 2000). Since the risk of recurrence increases over time and with each
subsequent depressive episode (Lavori et al., 1994), it is particularly important that
women be treated aggressively for symptoms of MDD. Finally, women are more likely to
suffer from comorbid anxiety disorders, such as panic disorder or post traumatic stress
disorder (PTSD) while men are more likely to experience comorbid substance abuse
disorders (Kessler et al., 1994; Rapaport et al., 1995).

A number of cultural, psychosocial, and biological theories have been put forth to
explain gender differences in the prevalence of MDD. Common explanations point to
differences in personality traits between men ahd women (Goodwin and Gotlib, 2004),
pre-existing anxiety (Breslau et al., 1995), ruminative coping styles in women (Nolen-

Hoeksema et al., 1999), female sex hormones (Parry, 1989), gender differences in types



of major life traumas (Brand, 2004) and higher rates of chronic strain caused by greater
poverty and limitations in social power and status amongst women (Goodwin and Gotlib,
2004).

Higher rates of interpersonal trauma (IT; sexual or physical abuse) in both
childhood and adulthood have been reported in women and are considered important
contributors to the elevated prevalence rate of MDD in women. In fact, the most
commonly reported response to serious childhood stressors or traumatic events in women
is depression (Browne & Finkelhor, 1986; Kendler et al., 1993; Veijola et al., 1998).
Indeed, it has been suggested that the differences in rates of MDD in adult men and
women are attributable to higher rates of childhood sexual abuse (CSA) and intimate

partner violence (IPV) in women (Campbell, 2002).

B. Interpersonal Trauma

IT is increasingly recognized as a contributor to negative health outcomes in the
general population. In particular, I'T has been associated with increased health care
utilization and costs (Felitti, 1991; Arnow et al., 1999). IT is operationally defined in this
thesis as (1) sexual contact occurring against the will of the person under threat of
coercion, violence, or use of physical force by parents, spouses, relatives, friends or
acquaintances, (2) physical abuse where parents, spouses, relatives, friends or
acquaintances commit acts that result in physical injury, or (3) a combination of both
sexual and physical abuse (Russell, 1986; Briere, 1992; Weaver and Clum, 1996;

Hegadoren et al., 2006). This definition does not encompass other forms of abuse that



have been shown to contribute to adult mental health problems such as emotional neglect
(Widom, 1999; Spertus et al., 2003) and also excludes non-contact sexual experiences.
While the prevalence and long-term effects of IT in childhood and adulthood are
thought to be significant, the methodology and populations used in such studies are often
suspect. Unfortunately, many acts of IT go unreported and thus, our knowledge of the
acute and long-term effects of IT on health outcomes is limited to individuals who are
willing to disclose trauma histories and to those who agree to participate in research
studies. For example, one study found that only 2% of sexually abused women discussed
their victimization history with their physicians (Springs and Friedrich, 1992). Further,
investigations examining the prevalence of IT among community and clinical populations
of children and adults have been subject to a number of confounding variables such as
differing data sources (social agencies, health care institutions, universities, community
settings, etc), small sample sizes, non-standardized methods of data collection, and
differing definitions of trauma. Briere and Elliot (2003) cited four primary criticisms of
past studies examining IT: (1) most studies use either purely clinical samples or
university samples that do not reflect rates of child abuse in the general population, (2)
generic and non-standardized methods of data collection may not adequately capture
psychiatric symptoms arising from childhood trauma, (3) many studies do not study
sexual and physical abuse separately and thus the true impact of each type of trauma is
unknown, and (4) confounding variables related to demographic, socioeconomic, and
familial factors may complicate the interpretation of abuse-related vs non-abuse related

effects.



With these criticisms in mind, a number of studies have attempted to assess the

prevalence of IT in both adulthood and childhood. A select number of childhood

interpersonal trauma (CIT) studies are summarized in Table 1.

Table 1: Prevalence Rates of CIT

Reference Country of N Type of IT Prevalence | Prevalence
Origin Rate in Rate in
Women Men
Finkelhor et al., 1990 uUs 2626 CSA 27% 16%
Macmillan et al., Canada 9953 CSA 12.8% 4.3%
1997
Briere and Elliot, usS 1442 CSA 32.3% 14.2%
2003
Putnam, 2003 All English- - CSA 16.8% 7.9%
language
articles
(1989-1999)
Macmillan et al., Canada 9953 Childhood physical 21.1% 31.2%
1997 abuse (CPA)
Briere and Elliot, us 1442 CPA 19.5% 22.2%
2003 v
Macmillan et al., Canada 9953 CPA-+CSA 6.7% 2.4%
1997

Most studies examining the prevalence of adult IT in women often target specific

vulnerable populations or collect data that examine lifetime prevalence of IT in both

childhood and adulthood. However, a few studies have examined the prevalence of

adulthood IT exclusively. These studies are summarized in Table 2.

Table 2! Prevalence Rates of Adulthood IT

Reference Country of N Type of IT Prevalence | Prevalence
Origin Rate in Rate in

Women Men

Cloutier et al., 2002 US 2109 Sexual assault 19% -

Elliot et al., 2004 US 941 Sexual assault 22% 3.8%

Amar and Genarro, us ? Physical violence 48% -

2005

Wilt and Olson, 1996 Estimation in general Domestic violence 10-15% -

population




The relationship between CIT and adult mental health complications has been a
contentious issue in that experts argue that other pathogenic factors (eg. family
environment, adult incidents of trauma, psychological neglect) may contribute to the
development of psychiatric sequelae (Rumstein-McKean and Hunsley, 2001). Concerns
regarding the appropriateness of research designs, diagnostic and data collection tools,
and the timing of assessments are cited as possible confounding variables in studies
examining the impact of CIT on adult mental health. Rumstein-McKean and Hunsley
(2001) also cited concerns over the manner in which clinicians and researchers generalize
conclusions regarding mental health outcomes in survivors of I'T from clinical
populations to community samples and vice versa. In order to fully understand the impact
of IT on mental health outcomes, it must be recognized that individuals who seek mental
health services are likely to be more severely affected than those who do not. Thus, while
it is important to understand the nature, range, chronicity, and severity of problems
resulting from IT in clinical populations, researchers should recognize that the most
severe cases will not be representative of those who have experienced IT (Rumstein-
McKean and Hunsley, 2001). Conversely, individuals who show limited signs of
psychiatric sequelae in the aftermath of IT are in no way representative of clinical

populations.

C. Depression Following IT
MDD has been cited as the most common response to childhood traumas in
women (Browne and Finkelhor, 1986; Broadhead and Abas, 1998; Veijola et al., 1998,

Kendler et al., 2000; Putnam, 2003; Arnow, 2004). A history of CSA has been associated



with earlier onset of depressive symptoms and prolonged durations of depressive
episodes (Zlotnick, 2001). A study by Zuravin and Fontanella (1999) evaluated 11
markers of family dysfunction in 513 low-income women, including 105 who had
experienced CSA; those with CSA were three times more likely to develop MDD. Thus,
while it has been argued that MDD in adult survivors of childhood abuse may be a
symptom of general dysfunction within families where abuse occurs rather than a direct
result of the abuse itself, the study by Zuravin and Fontanella (1999) suggests otherwise.

Researchers have examined which elements of CSA are the most strongly
correlated with the development of MDD in adulthood. Abuse perpetrated by a father
figure appears to have a significant impact on the future development of MDD in adult
survivors of CSA (Roesler and McKenzie, 1994), while the use of force by non-father
figures is significantly related to the presence of depression in sexually abused girls
(Johnson et al., 2001). Other data strongly suggest correlations between greater severity,
frequency and duration of abuse in childhood and the later development of MDD in
adulthood (Sedney and Brooks, 1984; Briere and Runtz, 1988; Arnow, 2004).

Adult IT has also been found to contribute to the development of MDD in
women. A study by Bifulco et al. (1991) found that in women who had experienced
forced intercourse, MDD occurred 100% of the time. Repeated sexual abuse not
involving intercourse resulted in MDD in 78% of women, while a single incident of

sexual abuse not involving intercourse resulted in MDD in 30% of women. Another study
noted that lifetime prevalence rates of MDD in women following one rape were

approximately 46% and about 80% following multiple rapes (Kilpatrick et al., 1988).



MDD and PTSD are the most common mental health outcomes associated with
IPV (Campbell and Soeken, 1999). According to a review by Campbell (2002), some
women who experience IPV may have pre-existing chronic MDD, which is exacerbated
by violent episodes, but evidence also suggests that MDD can be triggered by such
episodes and even diminish with decreasing IPV (Campbell and Soeken, 1999).

In addition to MDD and PTSD, it has been well documented that both childhood
and adulthood IT are associated with a wide spectrum of Axis I and Axis II disorders.
These include anxiety disorders, dissociative identity disorders (DID), sleep disorders,
somatization disorders, substance abuse disorders, eating disorders, and borderline
personality disorder (Bryer et al., 1987; Bifulco et al., 1991; Pribor and Dinwiddie, 1992;
. Hall et al., 1993; Young et al., 1997; Campbell, 2002; Kendall-Tackett, 2002). In
children, sexual and/or physical abuse is also associated with early behavioral problems
and conduct disorders, which may be associated with an increased propensity to engage
in risky behaviors that may put the individual at heightened risk for further traumatic
episodes (Widom, 1999).

A history of sexual and physical abuse is associated with increased severity of
psychiatric symptoms (Zlotnick, 1996). Additionally, there may be a dose-response
relationship between the severity of and duration of the trauma and the development of
psychiatric sequelae such as MDD and PTSD (Golding, 1999). For example, CSA is
more likely to predict the development of future psychiatric illness than sexual assault
occurring in adulthood (Burnam et al., 1988). Additionally, individuals who have
experienced multiple traumatic episodes are likely to have poorer health outcomes than

singly traumatized individuals (Norris and Kaniasty, 1994). While a large portion of



women with histories of IT will initially be diagnosed primarily with MDD, additional

comorbid psychiatric diagnoses are likely.

D. PTSD

PTSD has long been considered a heterogeneous disorder (Kolb, 1989). As a
diagnostic category, PTSD was developed in response to patterns of symptoms following
stressful life events. According to the DSM-IV, PTSD involves three main clusters of
symptoms involving re-experiencing of the traumatic event, avoidance of trauma cues or
reminders, and hyperarousal (American Psychiatric Association, 1994). A broad
spectrum of psychiatric conditions may result from IT, with MDD and PTSD being the
most frequently studied outcomes. Unfortunately, the complexity of trauma-related
psychiatric sequelae in female survivors of IT, particularly in survivors of CIT, is not
accurately reflected in the diagnostic criteria represented by PTSD. As discussed in later
sections, several authors have suggested that an expanded diagnostic concept is necessary

to fully encapsulate the mental health issues experienced by some survivors of CIT.

D.1. Prevalence Rates

PTSD was originally defined as a psychiatric diagnosis in 1980 (DSM-III) in
response to symptoms observed in male combat veterans of the Vietnam conflict.
Therefore, much of the initial research surrounding the epidemiology, biology, and
treatment of PTSD focused on data obtained using this group. Since those initial studies,
our knowledge of PTSD has evolved substantially. The prevalence rate of PTSD

following trauma has been estimated to be about 25% (Breslau et al., 1991; Green, 1994).



For traumatic events that are considered life-threatening, prevalence rates are much
higher (Kessler et al., 1995). Lifetime prevalence rates of PTSD have been assessed at 7-
9%, with community rates of lifetime exposure to trauma estimated at 40-80% (Seedat
and Stein, 2000).

As with MDD, gender differences in the prevalence of PTSD have been noted. A
number of studies have demonstrated that the prevalence of PTSD is twice as high in
women as it is in men (Helzer et al., 1987; Breslau et al., 1991; Davidson et al., 1991;
Green et al., 1994; Kessler et al., 1995; Bromet et al., 1998). Gender differences in PTSD
cannot be accounted for by increased exposure to trauma in women since, with the
exception of sexual traumas, men experience trauma more often than women (Breslau et
al., 1991; 1998; Kessler et al., 1995). Differences in the rates of exposure to specific
types of trauma may partially account for gender differences in the prevalence of PTSD.
Stein and colleagues (2000) found that women were at increased risk of developing
PTSD following assaultive violence (e.g. being attacked, robbery, mugging, being
threatened with a weapon) but not following non-assaultive violence (serious motor
vehicle accident, fire, natural disaster, witness to a severe injury). This is supported by
data showing women to be 6-15 times more likely to develop PTSD following assaultive
violence that is not sexual in nature (Breslau et al., 1998; Kessler et al., 1995).

In addition to being at higher risk for developing PTSD following assaultive
forms of violence, women were 4 times more likely than men to develop chronic PTSD
- where symptoms of PTSD linger for at least one year following the initial trauma
(Breslau et al., 1991). Interestingly, another study by Breslau (1998) demonstrated that

the median duration of PTSD symptoms was 48.1 months for women and 12.1 months



for men while the median time for remission of PTSD symptoms was 35 months for
women and 9 months for men. These studies lend support to the idea that different
psychosocial and/or biological mechanisms may be at work in the development and
maintenance of PTSD symptoms between the genders and highlight the importance of

studying each gender separately.

D.2. PTSD and CIT

Sexual and physical violence in either childhood or adulthood are commonly
associated with the development of PTSD symptoms in women (Davidson et al., 1991;
Kessler et al., 1995; Brewin et al., 1999). Many children develop PTSD as a result of
sexual abuse (Wolfe et al., 1994), but chronic PTSD delayed until adulthood is also a
common sequelae of CSA.

Generally, studies examining the link between CIT and prevalence rates of PTSD
have involved convenience samples. These studies predominantly fall into one of three
categories: (1) retrospective studies of adults examining the extent of PTSD in the
community (usually samples of college women) by inquiring about prior child
victimization, (2) psychiatric assessments of abused children seen in a medical or
governmental setting, and (3) psychiatric assessments of adults with histories of
childhood IT seeking treatment in health clinics or voluntarily participating in studies that
call for volunteers with histories of IT.

Several small studies examining the prevalence of PTSD in clinical populations of
women who experienced sexual abuse as children observed prevalence rates ranging

from 20-100% (Lindberg and Distad, 1985; Greenwald and Leitenberg, 1990). In a study



examining lifetime prevalence of PTSD, Rodriguez and colleagues (1996) found that
86% of adults (n=117) who experienced CSA presenting in medical clinics met full
diagnostic criteria for PTSD at some point in their lives. In those individuals who do seek
treatment, women appear to be particularly vulnerable to developing PTSD after CSA,
where symptoms from events occurring in childhood contribute to the same level of
functional impairment as those observed in adult survivors of abuse (Mulvihill, 2005;
Cromer and Sachs-Ericsson, 2006).

The recent US National Women’s Study (NWS) surveyed 3220 women regarding
whether they had experienced at least one instance of forcible sexual penetration before
the age of 18 (Ruggiero et al., 2004). Of the group that disclosed they had experienced
childhood rape (n=288; 8.9%), 23.6% met full PTSD criteria in the previous year while
47.2% had re-experiencing symptoms, 29.5% experienced avoidance symptoms, and
36.7% met hyperarousal criteria. Thus, while full PTSD diagnostic criteria may not be
currently met in women with histories of CSA, they may still experience PTSD-related
symptoms. These symptoms may be exacerbated in times of stress or as a result of further
trauma, leading to full PTSD diagnoses. A Canadian survey found that 9% of women
who had experienced CSA had either full or partial PTSD symptoms at the time of the
study (Stein et al., 2000). Differences between this study and the NWS are likely due to
the inclusion of forms of sexual abuse other than forcible penetration in the Canadian
study since penetration is considered one of the most invasive forms of sexual abuse and
is strongly associated with PTSD prevalence and severity (Saunders et al., 1992).

In an attempt to predict the development of PTSD in survivors of CIT,

researchers have examined specific characteristics such as the age of onset of abuse, the



relationship between the victim and perpetrator, the number of perpetrators, the duration
of abuse, and the severity of abuse. Younger age of onset, longer duration of abuse, and
more frequent incidents of abuse have all been associated with increased risk of
developing PTSD symptoms (Wolfe et al., 1994; Rodriguez et al., 1996, Saunders et al.,
1992). The degree of trust the victim had in the perpetrator has been positively correlated
with PTSD symptoms, with family members, such as a father or step-father, potentially
invoking the most trauma (Beitchman et al., 1992; Browne and Finkelhor, 1986; Ullman,
2007). Additionally, higher numbers of perpetrators have been significantly correlated
with lifetime PTSD severity (Briere and Runtz, 1989; Rodriguez et al., 1996). Finally, the
dynamics of abuse appear to play a role in the future development of PTSD. Penile
penetration, which represents one of the most invasive acts, has been strongly associated
with PTSD severity and prevalence (Epstein et al., 1997).

A link between CPA and the development of adult PTSD has been suggested. A
large study of adult women (n=4009) by Duncan and colleagues (1996) found a lifetime
PTSD prevalence rate of 54% and a current PTSD prevalence rate of 33% following
childhood physical abuse. This compares to lifetime rates of 11% and current prevalence
rates of 4% in women who did not experience CPA. Another study observed current
PTSD prevalence rates of 11.2% for CPA, 16.2% for CSA, and 53.4% for adults who
experienced both sexual and physical abuse as children (Schaaf and McCanne, 1998).
Differences in prevalence rates between the two studies may be explained by the fact that
Duncan et al. (1996) used a general population sample, while Schaaf and McCanne
(1998) surveyed university students. Since university students may be, on average, higher

functioning and less affected by previous abuse, the results may not be an accurate



reflection of the general population as a whole. Regardless, children who experience
both sexual and physical abuse are at the highest risk of developing PTSD and other

psychiatric sequelae as adults (Ackerman et al., 1998).

D.3. PTSD and AdultIT

There is some discrepancy regarding the prevalence of PTSD in women following
sexual and nonsexual assault. Rothbaum and colleagues (1992) reported that 94% of rape
survivors and 71% of nonsexual assault developed PTSD symptoms within two weeks of
the traumatic event (Rothbaum et al., 1992). This same study reported that three months
later, 47% of rape survivors and 21% of survivors of nonsexual traumas had PTSD
diagnoses. Another study observed PTSD in 80% of women who reported the sexual
assault (Breslau et al., 1991),

Studies examining PTSD in women with IPV histories found prevalence rates
ranging from 33% to 58% (Houskamp and Foy, 1991; Astin et al., 1993; 1995; Coker et
al., 2005). Differences in prevalence rates of PTSD among these studies may be
explained by the time passed since the last domestic abuse episode, population sampling
(e.g. community, women'’s shelters), and differences in assessment instruments and data
collection methods. Mertin and Mohr (2001) found that women who develop PTSD as a
result of IPV reported experiencing higher levels of violence, were more likely to have a
spouse with a substance abuse problem and were more likely to believe they would be
killed by their spouse than women who did not meet criteria for PTSD. Finally, a study
by Woods (2000) observed that 44-66% of 52 women surveyed still experienced PTSD

symptoms nine years after leaving an abusive relationship.



D.4. Risk Factors for PTSD

Taken together, experiences of IT such as CSA and CPA, as well as IPV, rape and
adult assaultive violence are strongly associated with either partial or full PTSD
diagnoses. Wong and Yehuda (2002) cited a number of risk factors for the development
of PTSD. These include gender, severity of trauma (Foy et al., 1984; Yehuda et al.,
1998), a history of stress, abuse, or trauma (Bremner et al., 1997; Zaidi and Foy, 1994), a
history of behavioral or psychological problems (Helzer et al., 1987), pre-existing
psychiatric disorders (McFarlane, 1985), a family history of psychopathology (Davidson
et al., 1985), genetic factors (True et al., 1993), subsequent exposure to reactivating
environmental factors (McFarlane, 1989; Schnurr et al., 1993), initial psychological
reaction to trauma such as emotional numbing (Epstein et al., 1998; Feinstein and Dolan,
1991; Mayou et al., 1993; Shalev et al., 1996) and early separation (Breslau et al., 1991;
McFarlane, 1988). Zoellner and colleagues (1999) also implicated several risk factors not
included by Wong and Yehuda (2002) that may determine why female assault victims
develop chronic PTSD. These include the severity of initial PTSD symptoms (Foa et al.,
1995), assailant identity (Cascardi et al., 1996), depression (Shalev et al., 1997), general
anger and blame in the aftermath of the assault (Riggs et al., 1992) and degree of social
support following.the assault (Ullman and Siegel, 1994). Degree of social support as a
risk factor for the development of PTSD has been disputed by Zoellner et al. (1999), who
demonstrated that interpersonal friction in the immediate aftermath of trauma (ie within 2
weeks) but not positive social support determined PTSD severity 3 months later. These

results are consistent with several other studies which found that negative reactions to



disclosure rather than positive ones were more predictive of symptom severity (Davis et

al., 1996).

D.5. Comorbidity

While PTSD is an Axis [ psychiatric disorder, it seldom occurs independent of
other psychiatric sequelae. According to the National Comorbidity Survey (NCS) in the
US, PTSD commonly occurs with at least one other psychiatric diagnosis and a
substantial percentage of individuals have at least 3 or more other psychiatric diagnoses
(women — 44%; men — 59%). Only 21% of women and 12% of men have no other
psychiatric diagnosis other than PTSD (Kessler et al., 1995). One of the more common
psychiatric diagnoses that occurs with PTSD in women is MDD. In fact, the NCS
observed comorbidities of MDD and PTSD in 49% of women and 48% of men (Kessler
etal., 1995). This evidence is supported by a study that followed a group of trauma
survivors from their initial appearance in the emergency room and found that at 4 months
post-trauma, 17.5% met criteria for PTSD, 14.2% met criteria for MDD, and 43.2% met
criteria for both PTSD and MDD (Shalev et al., 1998). Another study found that 53.2%
of motor vehicle crash survivors had both PTSD and MDD three months after the
accident (Blanchard et al., 1998).

It is well recognized that individuals with comorbid MDD and PTSD have higher
levels of functional impairment and greater symptom severity than individuals with either
MDD or PTSD alone (Shalev et al., 1998; Blanchard et al., 1998). Additionally,
individuals with comorbid MDD and PTSD are more treatment resistant and less

responsive to antidepressant therapies and/or psychotherapeutic intervention (Brady et



al., 2000). Based on these clinical observations, the co-occurrence of both illnesses leads
to a clinical state that is more severe than either illness individually.

Comorbidity with PTSD may not only lead to greater functional impairment and
symptom severity but may also contribute to a prolonged course of illness. The NCS
found that approximately one third of individuals with PTSD had symptoms that failed to
remit after 6 or more years (Kessler et al., 1995). Chronic PTSD has been associated with
affective disorder comorbidity (Breslau et al., 1991), childhood trauma (Zlotnick et al.,
1999), and substance abuse (Zlotnick et al., 1999; Mueser et al., 2004).

In addition to its association with MDD, PTSD has been associated with
substance abuse disorders following trauma (Davidson et al., 1990; Najavits et al., 1997,
1998). A history of IT, particularly CSA and CPA, has been associated with substance
abuse (Saylors and Daliparthy, 2006) and use of substances such as opiates (Heffernan et
al., 2000), crack (Young et al., 2002), alcohol (Clark et al., 1997; Zlotnick et al., 2007),
and cocaine (Najavits et al., 1997; 1998), among others (Ullman et al., 2006). Female
survivors of IT with PTSD and substance disorders have higher treatment resistance,
higher levels of psychological impairment, more complicated symptom structures, and
higher rates of revictimization than those with PTSD alone (Gil-Revas et al., 1996;

Ullman et al., 2006; Schumacher et al., 2006).

D.6. Complex PTSD
Since the DSM-III-R criteria for PTSD placed emphasis on a single circumscribed
event, clinicians and researchers who work with survivors of prolonged and repeated

trauma recommended that a complex post-traumatic syndrome named Disorders of



Extreme Stress (DESNOS) or complex PTSD be included in the DSM-IV to encompass
the diverse range of symptoms observed in these individuals. Examples of prolonged
trauma include prisons, concentration camps, religious cults, circumstances of organized
sexual exploitation, and prolonged abuse within families (Herman, 1997). As stated in the
DSM-1V guidebook (1995), DESNOS was not included in the DSM-IV for the following
reasons: (1) most studies and clinical reports were retrospective and uncontrolled, leading
to considerable bias and methodological problems in linking conditions of extreme stress
to psychopathology and (2) many victims of extreme stress do not develop subsequent
psychopathology and, thus, a cause-effect relationship needs to be more carefully |
delineated. While this conservative stance by the American Psychiatric Association
(APA) provides rationale for not including DESNOS in the DSM-IV, evidence exists to
suggest that the current diagnostic criteria for PTSD does not fully encapsulate the
clinical experience of survivors of IT. Clinical reports suggest that some female survivors
of childhood abuse in particular may indeed have psychopathology that is not easily
categorized by current diagnostic formulations and that DESNOS best accounts for
symptoms observed in adult survivors of childhood abuse (Zlotnick et al., 1996; Pelcovitz
et al., 1997; Ford and Kidd, 1998). Some survivors of IPV also appear to have a diverse
subset of symptoms that are unique in both their severity and tenacity that are not
characterized by current DSM-IV criteria (Woods and Campbell, 1993; Smith and
Gittelman, 1994; Dickinson et al., 1998; McNutt et al., 2002).

Intense and prolonged childhood abuse, IPV, and repeated sexual victimization
are just a few examples of situations where IT can take the form of prolonged, repeated

trauma resulting in extraordinary psychiatric sequelae. Judith Herman (1997) cited three
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key areas where a PTSD diagnosis was not sufficient to describe symptoms in survivors
of prolonged trauma: (1) symptom dynamics — symptoms are more numerous, complex,
and disruptive, (2) personality changes — deformations regarding identity and relatedness,
and (3) vulnerability to repeated harm by self and others.

Clinicians who work with survivors of prolonged and/or repetitive IT have
characterized their post-trauma state as one complicated by chronic depréssion, anxiety,
dissociative symptoms, sleep problems, impulsivity, personality disruptions, self-harm,
suicidality, ego fragmentation, revictimization, and somatization (Gelinas, 1983; Bryer et
al., 1987; Briere et al., 1988 Briere and Runtz, 1988; Herman, 1997; Lechner et al.,
1993; Zlotnick et al., 1996; Allen et al., 1999; Steiner et al., 2003). Many of these
psychiatric symptoms transcend a simple diagnosis of PTSD. For severely affected
women who have experienced repeated childhood abuse, IPV, or IT, three key categories
of symptoms not associated with a diagnosis of PTSD may occur. These include
dissociative symptoms, extensive somatization and physiological reactivity, and affective

sequelae (Herman, 1997). Each will be described in detail below.

D.7. IT and Dissociation

The DSM-IV defines dissociation as a defense that “deals with emotional conflict
or external and internal stressors with a breakdown in the usually integrated functions of
consciousness, memory, perception of self or the environment, or sensory/motor
behavior” (APA, 1994). For most people, dissociation is an everyday event associated
with daydreaming or fleeting trance-like states that are easily controlled and prompted at

will. During periods of stress or trauma, however, dissociation may become a defense



against experiences that the mind cannot fully integrate. In situations where danger is
imminent, the mind may fragment the experience to initiate “automatic”, sub-cortical
reactions, leading to escape, freezing behavior, or other adaptive mechanisms without
allowing the mind to fully integrate the experience into consciousness and memory.
While such a response may be valuable during periods of acute danger, it may become
pathological if it persists too long or intensely or occurs in situations where no real
danger exists. In these situations, dissociation may become a clinical construct as
reflected by alterations in memory where aspects of the trauma are not accessible to the
individual. Additionally, alterations in both identity and consciousness may occur.
Reduced physiological reactivity and cognitive processing may occur as a result of
altered consciousness, leading to incomplete physiological and cognitive responses in the
presence of adverse stimuli. This was demonstrated by Griffin and colleagues (1997),
who observed significant suppression of autonomic responses in survivors of rape who
experienced peritraumatic dissociation. Compared to the group of rape survivors who had
low levels of peritraumatic dissociation, the high dissociation group contained a much
greater proportion of women meeting criteria for PTSD.

Controlled studies linking dissociative phenomena and PTSD in survivors of
childhood abuse are lacking. Because of its ties to Multiple Personality Disorder,
Dissociative Identity Disorder (DID) has been considered a controversial diagnosis and
thus, few studies linking it to PTSD have been carried out. Peritraumatic dissociative
symptoms during CSA have also been shown to lead to more frequent and severe PTSD
symptoms later in life (Marmar et al., 1994; Koopman et al., 1994). Bremner and

colleagues (1998) noted PTSD prevalence rates of 86% in 35 individuals who met DSM-
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IV criteria for one or more dissociative disorders. Other clinical studies report a strong
relationship between PTSD and dissociative phenomena in survivors of severe childhood
abuse (van der Kolk et al., 1996; Chu et al., 1999), while CSA, physical neglect, and
emotional abuse are significant predictors of a dissociative disorder diagnosis (Sar et al.,
2007). Further research is necessary to elucidate the prevalence of dissociative symptoms
in female survivors of IT with PTSD. Since many survivors of IT with dissociative
symptomology may not meet full criteria for one or more of the DIDs, the identification
of past or present dissociative symptoms in survivors of IT is necessary if we are to
understand the relationship between dissociation and PTSD in these individuals. The past
or current presence of dissociative symptoms without a full dissociative diagnosis is
likely to affect the treatment of other mental health problems such as PTSD and MDD,
among others in survivors of IT. Further, peritraumatic dissociation is predictive of PTSD
severity (Marmar et al., 1994; Koopman et al., 1994) and thus, in individuals with partial
or full PTSD diagnoses, revictimization will likely exacerbate an already complicated

diagnosis.

D.8. IT and Somatization

According to the DSM-IV, somatization disorder is characterized by the presence
of several somatic symptoms that cannot be explained on the basis of physical, medical
and diagnostic examinations. Somatic complaints usually involve multiple organ systems
and symptoms disclosed by the individual may be specific or diffuse. In most individuals,
the disorder is characterized as chronic and is associated with impaired social and

occupational functioning, psychological distress, and extensive help-seeking behavior.
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Since individuals with somatization disorder may seek out multiple health practitioners, it
1s thought to be underdiagnosed in the general population. However, it has been
demonstrated that in women, the lifetime prevalence rate may be 1 to 2% (APA, 1994)
and that the prevalence rate may be five times higher in women than it is in men (APA,
1994). While a discussion regarding the etiology of somatization disorder is beyond the
scope of this thesis, previous research suggests strong associations between specific or
multiple episodes of trauma and somatic complaints.

Individuals with PTSD demonstrate more somatization symptoms than healthy
controls without a PTSD diagnosis (Shalev et al., 1990; McFarlane et al., 1994; Zlotnick
et al., 1996; Andreski et al., 1998) or individuals with another psychiatric diagnosis
(Escobar et al., 1987; Andreski et al., 1998). Individuals who experience multiple
episodes of trauma and subsequently develop chronic PTSD appear to be at particular
risk for developing comorbid somatization disorder (Davidson et al., 1991). Additionally,
the severity of PTSD symptoms appears to be directly correlated to the severity of
physical health problems (Kimerling et al., 2000; Zoellner et al., 2000). Deering and
colleagues (1996) have suggested that trauma involving physical suffering would most
likely lead to somatization and that physical distress experienced during the trauma
would become strongly connected to the development of PTSD symptoms.

Most research linking PTSD and somatization has examined combat veterans and
thus the current state of the literature reflects this bias. It has been increasingly
acknowledged, however, that women with histories of chronic or repeated IT may also
present clinically with complex forms of somatization. In particular, IT has been

associated with poorer perceived health outcomes (Felitti et al., 1998; Dickinson et al.,
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1999; Dube et al., 2003; Stein et al., 2004), increased utilization of health care services
(Koss et al., 1991; Suris et al., 2004) and more surgical procedures (Radomsky, 1992). In
addition to accessing mental health services, survivors of IT frequently report distress
regarding a wide spectrum of physiological complaints. These include, but are not limited
to, chronic pain (Campbell, 2002), headache (Felitti et al., 1998; Golding, 1999; Arnow
et al., 2000), pelvic pain and gynecologic issues (Golding et al., 1998; Wijma et al., 2003)
and gastrointestinal difficulties (Roberts, 1996; Campbell, 2002). Domestic violence
studies report both acute injuries and long-term health consequences of abuse (Eby et al.,
1995; Plichta, 1996; Golding et al., 1997; Tollestrup et al., 1999), in addition to mental
health problems such as MDD and PTSD, among others.

Since most studies have examined somatic phenomena in clinical populations, the
prevalence and severity of somatic symptoms associated with IT in the general
population is unknown. Present research suggests that female survivors of IT, particularly
childhood abuse and IPV, have a high rate of health services utilization (Koss et al.,

1991; Radomsky, 1992; Suris et al., 2004). However, this research likely reflects
survivors of IT who have been the most severely physically affected by their experiences
without providing insight regarding which aspects of the abuse have resulted in somatic
complaints. Many studies examining health care utilization and/or specific somatic
symptoms do not investigate the presence of potential comorbid psychiatric symptoms.
Thus, while it has been suggested by Herman (1997) that survivors of repeated abuse
may present clinically complex symptoms not associated with the current DSM-IV

diagnosis of PTSD, it is uncertain how these findings are related to a complex PTSD
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diagnosis. Further research in general medical clinics should expand upon these data to

include questions about mental health status.

D.9. IT and Affective Sequelae

In female survivors of prolonged IT, a description of the affective sequelae
associated with a complex post-traumatic syndrome proves to be the most troublesome of
the three key symptom clusters not associated with PTSD. Because many survivors of IT
do not initially disclose abuse histories to their health care providers, diagnoses are made
based on either self-disclosed or observed symptoms. In the absence of information
related to trauma history, a number of diagnostic constructs have been used by clinicians
to characterize affective changes in female survivors of IT. These include, but are not
limited to MDD, dysthymic disorder, bipolar II disorder, adjustment disorder with mood
features, and/or borderline personality disorder. Unfortunately, none of these specific
DSM-IV diagnoses appears to fully encapsulate the symptoms experienced by severely
affected survivors of prolonged IT. Affective sequelae observed in survivors of severe IT
may include episodic or chronic depression, mood reactivity, anger management
problems, alexithymia, irritability, impulsivity, anxiety, self-injurious behaviors, and the

inability to self-soothe (van der Kolk and Fisler, 1994; Zlotnick et al., 1997).

D.10. IT, Self-Harm and Revictimization
There is an accumulating body of evidence to suggest that survivors of childhood
abuse are at heightened risk of revictimization, either self-inflicted or by others. Self-

inflicted revictimization may take the form of recurrent re-experiencing of traumatic
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events caused by recollections, thoughts, or images of trauma, trauma-associated internal
or external cues, interaction with persons involved, and nightmares, among others. Some
survivors of severe childhood abuse are known to participate in self-injurious behaviors
such as cutting themselves with knives, razor blades, or other sharp objects.

Protracted histories of sexual or physical abuse are common among individuals
who self-harm (van der Kolk et al., 1991; Langbehn and Pfohl, 1993; Zlotnick et al.,
1996; Pettigrew and Burcham, 1997; Briere and Gil, 1998), and self-harming behaviors
are rarely seen after a single, acute trauma (van der Kolk et al., 1991). Self-harm or self-
mutilation is a repetitive, compulsive form of self-injury that is distinct from suicide.
Individuals who self-injure in this way are not trying to end their life. Instead, self-injury
has been described as a coping mechanism to release psychic pain and/or control
dissociative episodes. Indeed, Zlotnick and colleagues (1996) found that both dissociative
symptoms and alexithymia were independently associated with self-mutilative behavior
in female inpatients.

Unfortunately, while self-harming behaviors have been associated with the
complex PTSD diagnosis (Zlotnick et al., 1996), no studies have actually examined the
prevalence or etiology of self-harm in women with histories of chronic IT who meet
DESNOS criteria. Dissociative experiences and self-harming behaviors in women have
been linked with borderline personality disorder (Dowson et al., 2000; Sar et al., 2006;
Ross, 2007), but a history of IT is not necessary for the development of borderline
personality disorder or dissociative phenomena (Zanarini et al., 1999).

A recent comprehensive review by Classen and colleagues (2005) suggests that

two out of every three survivors of sexual victimization will be revictimized. CSA,
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multiple traumas, and time elapsed since sexual victimization are all risk factors for
revictimization. Additionally, according to Classen et al. (2005), women who are
revictimized demonstrate increased distress, greater likelihood of psychiatric sequelae
and “difficulty in interpersonal relationships, coping, self-representations, and affect
regulation, and exhibit greater self-blame and shame”. Not surprisingly, many of these
phenomena are affiliated with the complex PTSD diagnosis. Since a discussion of the
sociopolitical mechanisms underlying sexual and/or physical revictimization of women is

beyond the scope of this thesis, the interested reader is referred elsewhere (Noll, 2005).

E. Summary

MDD has been cited as the most common response to IT. The long term
prognosis and treatment of depressed women with histories of IT may be complicated by
the presence of additional comorbid psychiatric disorders. Therefore, questions regarding
IT histories for women seeking treatment for depressive symptoms may provide valuable
information in determining other comorbid diagnoses and, subsequently, the course of
treatment.

There is still much work to be done around the impact of IT on mental health in
women. It is frequently stated that only a small number of women who experience IT go
on to develop psychiatric sequelae. This claim is largely unsubstantiated due to a number
of methodological issues observed in the literature. Sample selection, sample size,
selective examination of specific psychiatric constructs to the exclusion of others, and
varying definitions of what constitutes trauma are just a few variables that have led to

ambiguity in examining the presence, prevalence and severity of psychiatric illness in the
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aftermath of IT. While there are a number of studies that have examined the prevalence
of single psychiatric constructs such as major depression or PTSD in select populations
(i.e. college samples, women seeking health services), large community samples
examining the prevalence and impact of IT on adult mental health are lacking.

The impact of IT severity, duration, and recurrence in the development of specific
psychiatric sequelae needs to be explored more fully in future research. Additionally,
etiological differences between IT occurring in childhood and adulthood need to be
examined since cognitive, behavioral, and physiological differences exist during different
phases of the life cycle, potentially contributing to divergent pathways in the type and
severity of psychiatric symptoms that may develop. Understanding how and when certain
symptoms evolve may provide insight into more effective psychosocial and

pharmacological approaches to the treatment of survivors of IT.

II. STRESS-RELATED ILLNESS

Despite widespread, sometimes incorrect use of the term “stress” in present day
vocabulary, stress is defined as any threat, real or perceived, to the physiological or
psychological well-being of an individual (McEwen, 1999). Within this definition, there
is the suggestion that stress may have predictable physical and psychological outcomes.
The impact of stressful life events on the development of stress disorders is highly
variable between individuals. While it has been noted that the body has two important
stress response pathways in the hypothalamic-pituitary-adrenal (HPA) axis and the
sympathetic nervous system (SNS), the plurality of physiological and behavioral

outcomes following acute or chronic stressors is exceptionally broad. A number of
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psychiatric disorders, including MDD and PTSD, have been linked to one or both of
these stress response pathways.

Early research examining MDD focused on personality traits that may predispose
individuals to specific forms of psychiatric symptomatology. The inclusion of the PTSD
diagnosis in the DSM-III was a turning point in the acknowledgement that the perception
or experience of life-threatening trauma could contribute to the development of
psychiatric sequelae. Increasingly, the impact of psychosocial and environmental
stressors on the development and maintenance of mental health disorders other than
PTSD has been recognized. In particular, the postulated etiology of MDD includes
variables such as genetics, predisposing developmental factors, personality traits,
cognitive traits, comorbid medical or psychiatric conditions, and psychosocial stressors,
among others (Kendler et al., 2002; losifescu et al., 2004; Farabaugh et al., 2004;
Levinson, 2006; Philibert, 2006). While genetic factors are thought to play a significant
role, a continuing theme throughout this research is the dynamic interaction between
environmental adversity and depressogenic biological, personality and cognitive traits.

Previous research demonstrated that in individuals who have experienced multiple
depressive episodes preceded by life stressful life events, the severity of the stressful
event precipitating the depressive episode decreases in subsequent episodes (Perris, 1984;
Dolan et al., 1985; Cassano et al., 1989; Brown et al., 1994; Kendler et al., 2000). This
led to the “kindling” model explaining the dwindling strength of the relationship between
psychosocial stressors and depression as postulated by Post (Post et al., 1991; Post, 2007;
Kendler et al., 2000; 2001). A study by Kendler and colleagues (2001) supported these

findings but only in individuals at low genetic risk for developing major depression. In

28



individuals at high genetic risk, major depressive episodes frequently occurred in the
absence of major environmental stressors. Thus, as stated by Kendler et al. (2001),
“depressive episodes that occur with little provocation may be reached by two pathways:
many previous depressive episodes, perhaps driven by multiple adversities, and high
genetic risk”.

Various internalizing behaviors have been noted for their depressogenic
characteristics. Neuroticism, defined as emotional instability or maladjustment, has been
cited as a major risk for developing MDD. The interaction between neurotic personality
traits and the development of MDD has been demonstrated (Hirschfeld et al., 1989;
Kendler et al., 2002), and the impact of neuroticism on illness risk is greater when higher
levels of psychosocial adversity are experienced (Kendler et al., 2004). In individuals
with low levels of neuroticism, the depressogenic effects of psychosocial adversity are
substantially reduced (Kendler et al., 2004). Early-onset anxiety (Breslau et al., 1995),.
dependency (Widiger and Anderson, 2003), and rumination (Nolen-Hoeksema, 1991;
1994; 1997; 2000) have also been noted for their depressogenic characteristics.

Adverse childhood experiences and family environments play a significant role in
the later development of MDD (Reinherz et al., 2003). There are a number of variables
that contribute to adverse family environments that have been linked to an increased risk
of depression. These include family abuse, conflict, neglect, perceptions of being
devalued, substance abuse, larger family size and later birth order (Reinherz et al., 1993).
Adverse experiences with key parental and familial figures, especially in early childhood,
may result in insecure patterns of attachment later in life, resulting in an elevated risk of

depression (Beatson and Taryan, 2003). More severe forms of childhood adversity such
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as sexual and physical abuse have been associated with long-term medical and
psychiatric conditions such as PTSD, substance abuse, and chronic pain, which have been
strongly associated with the comorbid development of depression (Glod, 1993;
Rosenberg et al., 1996; Breslau, 2002; Kendall-Tackett, 2002; Kendler et al., 2004;
Raphael et al., 2004; Mulvihill, 2005; Lee, 2006).

Gender differences in several predisposing factors thought to contribute to the
development of MDD have been observed. Increased levels of neuroticism were observed
in females and neuroticism was found to play a significant contributory role in the
relationship between being female and MDD (Goodwin and Gotlib, 2004). However, this
was not supported by another study (Fanous et al., 2002). Furthermore, personality
differences have been shown to be culture-specific (Costa et al., 2001). Women have
been demonstrated to have more early onset anxiety (Breslau et al., 1995), dependent
personality traits (Widiger and Anderson, 2003), and ruminating personality
characteristics (Nolen-Hoeksema et al., 1987; 1997), all variables that have been
associated with development of MDD. As discussed earlier, higher rates of IT in both
childhood and adulthood have been reported in women and are considered important
contributors to the elevated prevalence rate of MDD in women (Campbell, 2002).
However, sex differences in the prevalence rate of MDD cannot be accounted for by
increased exposure to trauma in women since, with the exception of sexual traumas, men
experience trauma more often than women (Breslau et al., 1991; 1998; Kessler et al.,
1995). Therefore, sex differences in coping styles, gene-environment interactions, and

biological adaptations to stress remain important areas of exploration in the determination
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of variables contributing to increased vulnerability of women in the development of
MDD.

- Kendler and colleagues (2002) developed a developmental model for MDD.
Adult female twins (n=1942) were interviewed four times over a nine-year period and the
data were used to construct a developmental model to predict the development of major
depression in the year before the final interview. Five developmental categories, each
with multiple risk factors (noted in brackets) were considered: (1) childhood (genetic
risk, disturbed family environment, childhood sexual abuse, and childhood parental loss),
(2) early adolescence (neuroticism, self-esteem, and early-onset anxiety and conduct
disorder), (3) late adolescence (educational attainment, lifetime traumas, social support,
and substance misuse), (4) adulthood (history of divorce and past history of major
depression), and (5) the last year (marital problems, difficulties, and stressful life events).
Of the 18 risk factors, stressful life events in the preceding year were the most highly
predictive of the development of a major depressive episode.

A number of paths (64 paths) leading to a heightened risk of developing MDD
were highlighted and demonstrate the intricate interplay between genetic, developmental,
and behavioral variables with psychosocial and environmental adversity. This model
demonstrated that the risk for developing MDD in women reflected both internal and
external variables, as well as the presence of psychosocial adversity. Neuroticism and
early-onset anxiety appeared to be the most significant predictors of MDD within the
internalizing pathway, while conduct disorder and substance abuse were the most
significant variables in the externalizing pathway. The adversity pathway is far more

complex, where both childhood and adolescent risk factors impact environmental risk
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factors from the preceding year. Early childhood adversities such as disturbed family
environment, childhood sexual abuse, and parental loss contribute to the adolescent
developmental risk factors of low educational attainment, lifetime trauma and low social
support. Preceding year environmental risk factors were influenced by both childhood
and adolescent developmental risk factors, resulting in an increased risk of MDD. The
authors (Kendler et al., 2002) suggest early life adversities could be re-termed “adversity-
interpersonal difficulties” since many early life events involve dysfunctional
interpersonal relationships. However, this study selectively examined childhood
difficulties that were interpersonal in nature without exploring how other forms of
adversity (e.g. natural disaster, poverty, childhood illness) may impact increased
susceptibility to MDD later in life.

In summary, Kendler and colleagues (2002) attempted to delineate multi-factorial
processes leading to the development of depressive symptoms. This study underlines the
importance of environmental adversity, not only in the development of psychiatric states
but also in the psychosocial development of the individual starting from childhood. While
it is known that specific variables may increase the likelihood of a major depressive
episode, further emphasis on the interaction between genetic, behavioral, personality,

environmental, and psychosocial variables is necessary in future research.

III. PHYSIOLOGY OF STRESS
A number of biological models have attempted to link acute and chronic stress to
the development of mood disorders. The primary focus of much of this work has been the

HPA axis where it has been suggested that both genetic predisposition and long-term
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sensitization contribute to the development of psychopathology. Both animal and human
models have contributed to our understanding of the biological basis of stress disorders.
With the evolution of new technologies and molecular techniques, our understanding of
the brain is constantly changing and evolving but is still incomplete. In many cases,
animal models are used to facilitate our understanding of neurochemical and
neuroendocrine processes, allowing much more invasive techniques than can be used in
humans. Much of our knowledge regarding the neurobiology of stress has been obtained
through manipulations and measurements undertaken using animal models. Debate
surrounding the validity of such models is common, particularly regarding many of the
stress models that have been developed to study neurochemical changes occurring as a
result of acute and/or chronic mild stress paradigms (Willner, 1997; Anisman and
Matheson; 2005; Pryce et al., 2005). The result has been an increased understanding of
which neurochemicals and neuroanatomical pathways are involved in stress response, but
an incomplete understanding of how they may result in psychopathology in humans.
One of the primary reasons biological research has lagged behind psychosocial
research in examining major depression and other stress disorders has been our
incomplete understanding of the connection between biology and behavior. Some
behavioral changes associated with mood disorders such as weight changes, sleep
disturbance, psychomotor retardation and anxiety are easier to quantify and can be
modeled in animal experiments. Others such as depressed mood, anhedonia, guilt,
alexithymia, and other emotional and cognitive states are much more difficult, if not

impossible, to model in animals, leading to a knowledge gap in our understanding of the
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brain. In the following sections, significant contributions to our understanding of the

neurobiology of stress, particularly with regard to the HPA axis, will be reviewed.

A. Early Work

Hans Seyle (1950) was the first to conceptualize the stress response as a non-
specific physiological response to demands that are placed on the body. Initial
observations of shrunken immune tissues, gastric ulcers, and enlarged adrenal glands
following chronic stress led researchers to further investigate the cause of such
observations. Seyle’s initial formulation of the General Adaptation Syndrome accounted
for such observations by separating stress response into 3 distinctive phases: alarm,
resistance, and exhaustion. In the alarm phase, also termed the fight or flight phase,
physiological responses are diverted from systems like the digestive and immune systems
to systems (like skeletal and cardiac muscle and the central and peripheral nervous
systems) that are needed to deal with the immediate danger. If the stress continues, the
body moves into the resistance phase where it attempts to adapt. As a result of enduring
stressors, the body eventually succumbs to the high demands placed on it, resulting in
physical and/or psychological maladaptive states and potentially life-threatening illness
and disease.

In an attempt to bring together several lines of evidence regarding acute and
chronic stress adaptation and health outcomes, the model of allostatic load was developed
(McEwan and Stellar, 1993). The principles of allostasis and allostatic load relate to the
body’s ability to interpret and respond to environmental challenges in a manner that

promotes survival and adaptation. McEwen (2000; 2003; 2004) has frequently linked
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allostatic load and psychiatric illness to cellular damage within the central nervous
system (CNS) involving regions such as the hippocampus, amygdala, and the prefrontal
cortex (PFC). When faced with a stressor, the body responds by releasing glucocorticoids
and catecholamines, which promote survival and maintenance of homeostasis in the
short-term. In the long-term, however, if the stress response is not contained, cellular
damage and an acceleration of disease processes may occur. This is termed the allostatic
load where the inability of the body to maintain an adaptive homeostatic state translates
into chemical imbalance, physiological damage, and subsequent behavioral and physical
changes. As stated by McEwen and Stellar (1993), “types of allostatic load include: (1)
frequent activation of allostatic systems, (2) failure to shut off allostatic activity after
stress, and (3) inadequate response of allostatic systems, leading to elevated activity of
other, normally counter-regulated allostatic systems after stress”.

Since this initial conceptualization of the stress response, our knowledge of
neurochemistry, neuroendocrinology, and neuroanatomy has increased dramatically and
continues to evolve. While popular culture has incorrectly redefined stress as primarily
psychological or emotional in nature, stressors have both psychological and physiological
components. Systems responsible for the initiation of stress-related physiological
responses such as increased cardiac output and respiration, increased blood pressure, and
increased catabolism are linked to areas of the brain thought to be responsible for
emotion, anxiety-related behaviors, attention and storage of memories. Given the wide
range of functions potentially affected by stress, it is not then surprising that a variety of
diseases have been associated with stress. Cardiac disease, obesity, type II diabetes, some

forms of psychiatric illness such as MDD and PTSD, and somatic complaints, among
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others, have all been linked to stress (Sapolsky, 2004). In many cases, stress-related
disorders occur together, reflective of the wide range of functions that are affected by
stress.

The genome plays an important role in shaping the development and general
functioning of the CNS, but it is environmental interaction and experience that determine
an individual’s behavior (Vermetten and Bremner, 2002). Past experience shapes the
sensitivity and responsivity of the stress response system, leading to both physiological
and behavioral responses that may either be adaptive or maladaptive in nature. As stated
by Vermetten and Bremner (2002), “central aspects of the stress response system involve
perception of a stressor or fear-producing stimulus, processing, and transduction of this
information into neurohormonal, neurobiological, and behavioral responses.” A key tenet
of biological psychiatric research is the assumption that maladaptive behavioral features
will exist in parallel with maladaptive biological mechanisms or pathways. Thus, in terms
of stress-related disorders, physiological disruptions at the perception, processing, or
transduction phases may potentially result in symptoms associated with specific
psychiatric disorders.

The two primary stress response systems are the HPA axis and the central
sympathetic/adrenomedullary system, which influence both body organs and other neural
pathways during exposure to adverse stimuli (Tsigos and Chrousos, 2002). The
sympathetic noradrenergic stress response is considered fast-acting but quickly-depleting,
while the HPA axis cascade is slower-acting but longer-lasting in the face of adverse
stimuli (Vermetten and Bremner, 2002). While corticotrophin releasing hormone (CRH),

glucocorticoids and noradrenaline are directly associated with stress response, other
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neurotransmitters such as serotonin, y-aminobutyric acid (GABA), dopamine, glutamate,
f3-endorphin (B-END), and numerous other neuropeptides and neurohormones are
thought to play neuromodulary roles. The circuitry and pathways involved in the
physiology of stress are also well reviewed elsewhere (Vermetten and Bremner, 2002;

McEwen, 2002; Charney, 2003).

B. HPA Axis

Over the past four decades, the field of neuroendocrinology has been central to
our increasing understanding of the connection between stress and the development of
maladaptive states. As early as the 1960’s, researchers found changes in plasma cortisol
concentrations in individuals due to chronic stress or during periods of heightened stress
(Friedman et al., 1963). Since that time, our understanding of the HPA axis cascade has
evolved considerably.

Vale (1981) isolated a 41 amino acid peptide named CRH which stimulated the
release of both adrenocorticotrophin hormone (ACTH) and B-END. Until 1981, it was
thought that arginine vasopressin (AVP) was the principal hypothalamic stimulus to the
pituitary-adrenal axis (Scott and Dinan, 1998). It is now known that AVP is an important
synergistic factor with CRH in the release of ACTH. Alone, AVP has limited ACTH
secretegogue activity but when administered with CRH, the ACTH releasing potential far
exceeds that when either peptide is administered alone (Gillies et al., 1982; Rivier and
Vale, 1983; Lamberts et al., 1984; Antoni, 1986). CRH and AVP are co-localized in the
parvocellular neurons of the paraventricular nuclei (PVN) in the hypothalamus (Whitnall

et al., 1987). During periods of quiescence, CRH and AVP are secreted into the median
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eminence in a circadian, pulsatile manner with a frequency of about 2-3 bursts per hour
(Engler et al., 1989) with higher amplitude pulses in the early morning hours (Horrocks et
al., 1990). Following adverse or stressful stimuli, the amplitude and frequency of CRH
and AVP pulses increase markedly, initiating the release of ACTH from the anterior
pituitary.

ACTH is released from the anterior pituitary following CRH, and/or vasopressiny
(Vib; primary AVP receptor in the anterior pituitary) receptor stimulation (Scott and
Dinan, 1998). After entering the bloodstream, ACTH stimulates the synthesis and release
of cortisol from the adrenal cortex by interacting with melanocortin-2 receptors on
adrenocortical cells. Basal release of both ACTH and cortisol is pulsatile and follows a
circadian rhythm that is sensitive to sleep, light, stress, and illness (Yehuda et al., 1994).
During early waking hours, levels of cortisol are at their highest with levels declining as
the day progresses (Keller-Wood and Dallman, 1984; Cascio et al., 1987).

Once in the bloodstream, cortisol participates in a number of physiological
processes that enable the body to cope with both acute and chronic stressors. Cortisol
stimulates both gluconeogenesis and the release of fatty acids to ensure glucose for
energy utilization during an acute stressor. For more chronic stressors, cortisol inhibits
growth, reproductive, and immunological processes. This allows physiological resources
and energy stores to be diverted into processes that facilitate coping with chronic
stressors. However, long-term alterations in glucocorticoid-related functions are thought
to play a role in various disease states such as hypertension, obesity, type II diabetes, and

affective disorders (Whitworth et al., 2005; Balon, 2006; Keller, 2006; Pasquali et al.,
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2006). The role of cortisol in the development and pathophysiology of these disease
states is currently unknown.

Cortisol is free to cross the blood-brain barrier where it participates in the
homeostatic regulation of the HPA axis. Feedback regulation of the HPA axis by
glucocorticoids is maintained by two distinct intracellular receptors called the
mineralocorticoid receptor (MR) and the glucocorticoid receptor (GR) (Reul and de
Kloet, 1985). The MR has a higher affinity for cortisol than the GR and is thus thought to
play a more substantial role in the regulation of basal and circadian fluctuations of
cortisol. During periods of stress and circadian peak when glucocorticoid levels are high,
feedback regulation by GRs is thought to become significant. Both types of receptor are
distributed throughout the brain in regions thought to be important in the initiation,
maintenance, and termination of stress responses. These include the hippocampus,

hypothalamus, pituitary, amygdala, and PFC (Herman et al., 2005).

C.CRH
C.1. Introduction

Vale and colleagues (1981) first hypothesized that CRH was a key neuropeptide
in the mediation and integration of “endocrine, visceral and behavioral responses to
stress”. Since its initial discovery, both preclinical and clinical research have confirmed
this hypothesis and have enhanced our understanding of the role of CRH in fear and
anxiety responses. CRH has been implicated in numerous mood and anxiety-like
behaviors and has been shown to impact arousal, alertness, attention, appetite,

psychomotor behavior, and immune response (Holsboer, 2001). Initial research
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exclusively examined the CRH in the context of the HPA axis signaling cascade. It is
now known that CRH also has important extrahypothalamic functions in the modulation
of stress and anxiety responses in addition to its role as a secretagogue of ACTH. Neural
circuits outside of the hypothalamus are responsible for many of the behavioral
manifestations of CRH and its related receptors (Owens and Nemeroff, 1991). The
localization, pharmacology, and role of CRH in anxiety and stress responses will be

discussed in the following sections.

C.2. Synthesis, Location and Pharmacology of CRH
Hypothalamic CRH

In the context of the HPA axis, CRH-containing cell bodies are contained within
the parvocellular PVN of the hypothalamus and have projections which terminate in the
external zone of the median eminence (Sawchenko et al., 1984; de Goeji et al., 1991).
From the median eminence, CRH is released into portal circulation where it enters the
anterior pituitary and acts on pituitary corticotrophs which release ACTH. Subsequently,
ACTH enters the bloodstream in the periphery to stimulate the release of cortisol from
the adrenal cortex.

Multiple lines of transgenic mice have been bred to enhance our understanding of
the endocrine and behavioral consequences of changes in CRH release,
neurotransmission and responsivity. Transgenic mice overexpressing CRH demonstrate
increased grooming behaviors and decreased spontaneous movements in a familiar
environment as well as decreased locomotor activity in novel environments

demonstrative of increased anxiety in these mice (Stenzel-Poore et al., 1994; Heinrichs et
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al., 1997). Furthermore, these mice developed increased production of ACTH and
cortisol and subsequently, Cushing’s-like symptoms, as well as desensitization of the
HPA axis in response to stress (Stenzel-Poore et al., 1992). Conversely, in CRH knock-
out mice (CRH not expressed in these mice) there was a blunting of basal and stress-
induced cortisol levels (Muglia et al., 1995; Dunn et al., 1999), as well as delayed and
reduced adrenaline and noradrenaline levels in response to stress (Jeong et al., 2000).
Unlike transgenic mice overexpressing CRH, CRH knock-out mice had normal
behavioral responses to stress (Weninger et al., 1999; Dunn et al., 1999).

CRH has a high affinity for CRH binding protein (CRH-BP), which is found
predominantly in the liver, blood, pituitary, and brain (Potter et al., 1991; Potter et al.,
1992; Cortwright et al., 1995). It has been demonstrated that the binding of CRH to CRH-
BP quickly inactivates CRH, which serves as a mechanism to regulate its endocrine and
neuromodulatory functions (Lowry et al., 1996). Overexpression of CRH-BP had little
effect on basal and stress-induced ACTH and cortisol levels in two different transgenic
mouse models (Lovejoy et al., 1998; Burrows et al., 1998). However, transgenic mice
overexpressing CRH-BP were found to have increased CRH and AVP levels, likely as a
compensatory mechanism. CRH-BP knockout mice were also found to have normal basal
and stress-stimulated ACTH and cortisol levels (Smith et al., 1998). Knock-out mice also
demonstrated an increase in anxiety-like behaviors, which likely occurs as a result of
increased CRH availability due to the absent buffering normally provided by CRH-BP.

Two families of CRH receptors exist in the body: CRH; and CRHj;. These
receptors appear to exert opposing effects, with the CRH, subtype mediating anxiogenic

and stress-invoked behavioral and physiological responses (Timpl et al., 1998) and the
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CRH; subtype mediating anxiolytic responses (Hashimoto et al., 2000). CRH, receptors
are distributed throughout the pituitary, hippocampus, amygdala, bed nucleus of the stria
terminalis (BNST), cerebral cortex, cerebellum, olfactory bulb, and medial septum
(Potter et al., 1994), while CRH; receptors are mostly observed in peripheral tissues such
as the heart, lungs, skeletal muscle and gastrointestinal tract but are also found in the
hypothalamus and lateral septum (Lovenberg et al., 1995; Perrin et al., 1995; Stenzel et
al., 1995). A review by Aguilera and colleagues (2004) provides a more complete
summary of CRH receptor distribution. Both CRH; and CRH; are G-protein-coupled to
the adenylyl cyclase/cAMP signaling system (Aguilera et al., 1983). Much of our
understanding of the morphology of CRH receptors has been elucidated using animal
models (Aguilera et al., 2004; Bale and Vale, 2004)

Transgenic mice have also been used to further our understanding of the functions
of CRH, and CRH; receptors. While overexpression models have not been developed for
CRH receptor subtypes, researchers have bred lines of knock-out mice. CRH; receptor
knock-out mice show normal basal levels of ACTH and cortisol, but blunted responses to
restraint stress compared to wild-type mice (Smith et al., 1998; Timpl et al., 1998). These
mice also show reduced anxiety levels. Conversely, mice lacking CRH; receptors showed
increased anxiety-like behaviors (Bale et al., 2000). Furthermore, CRH; receptor knock-
out mice had normal basal ACTH and cortisol levels, but rapid and elevated ACTH and
cortisol responses to restraint stress (Bale et al., 2000, Coste et al., 2000). These findings
suggest that while pituitary CRH, receptors are necessary for appropriate regulation of

the HPA axis, CRH; receptors may serve to modulate HPA axis responses to stress.
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CRH receptors in the pituitary are markedly affected by alterations in HPA axis
activity (Aguilera, 1994). Hypersecretion of CRH observed in many rodent chronic stress
models leads to CRH, receptor downregulation and desensitization. However, as
reviewed by Aguilera and colleagues (1994; 2004), there is poor correlation between the
number of CRH receptors in the anterior pituitary and the release of ACTH, since full

ACTH release can be achieved without full receptor occupancy.

Extrahypothalamic CRH

CRH-containing neurons modulate a number of diverse brain structures and
neurotransmitter systems outside of the hypothalamus. Cell bodies containing CRH are
also distributed in regions such as the amygdala, BNST, cortex, lateral hypothalamus,
parabrachial nucleus, ventrolateral medulla, and Barrington’s nucleus (Valentino and Van
Bockstaele, 2002). Further, CRH projections have been found to densely innervate the
locus coeruleus (L.C) and the dorsal raphe nucleus which are primary sites of
noradrenergic and serotonergic cell bodies respectively (Ruggiero et al., 1999; Kirby et
al., 2000). Based on this anatomical evidence, CRH is situated in several structures
- within the CNS known to regulate arousal, autonomic behavior and fear processes, as
well as interacting with biogenic amine structures implicated in the regulation of mood
and anxiety. Furthermore, rodent models have demonstrated extrahypothalamic CRH can
mediate behaviors such as decreased sleep, anorexia, decreased locomotor activity,
inhibition of sexual receptivity, decreased gastrointestinal motility, increased startle, and

decreased exploratory behavior in a novel environment (Dunn and Berridge, 1990; Koob

et al., 1993; Young and Liberzon, 2002).
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It has been hypothesized that hypothalamic CRH release occurs in response to
physiological stress, while CRH release from the central nucleus of the amygdala occurs
in response to fear-related behaviors (Makino et al., 1999) and emotionally significant
stimuli (Merali et al., 2003). The central nucleus of the amygdala has long been thought
to play an important role in fear responses and the development of emotional memory. A
number of neural networks and brain structures known to be involved in stress responses
receive input from the amygdala. These include the lateral hypothalamus which mediates
sympathetic activation and the PVN which activates the HPA cascade. Also receiving
input from the amygdala during stress are the ventral tegmental area, dorsolateral
tegmental nucleus and LC which initiate behavioral arousal and increased vigilance, and
the periaqueductal gray (PAG), which modulates escape, fighting, freezing, and
vocalization (Coupland, 2000; Van Bockstaele et al., 2001). Thus, activation of the
amygdala has the potential to evoke stress responses via a number of output pathways
that mediate fear behaviors. Given the distribution and localization of CRH and its related
receptors in regions throughout the brain involved in sensory processing and association,
anxiety and fear responses, cognition, memory, emotion and mood, CRH is poised to
play a dominant and comprehensive role in the coordination of stress responses.

Using a rodent model, Makino and colleagues (1999) observed that following a
psychological stressor, the activation of the amygdalar CRH system can occur without
robust activation of the hypothalamic CRH system. Comparatively, the hypothalamus
acts primarily through the pituitary in releasing endocrine factors that regulate peripheral
functions while the amygdala is better suited to affect changes in the CNS through its

vast interconnectivity to areas of the brain involved in autonomic, endocrine, behavioral,
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and cognitive functions. Many stressors bear both physiological and psychological
characteristics. The limbic system can activate the HPA axis in the absence of
physiological stressors by indirect means (e.g. excitatory noradrenergic inputs from the
LC; Herman et al., 2003). Thus, while the limbic stress system may only be responsive to
pathways involving higher order processing (Herman and Cullinan, 1997), the HPA axis
may still be activated as a result of psychological stressors. Over-activation of the limbic
system in the face of psychological distress may thus play a role in the development of
HPA disturbances observed in stress disorders.

Regulation of the LC and dorsal raphe nucleus by CRH projections from the
amygdala has particular importance in the pathophysiology of mood and anxiety
disorders. Serotonin (5-hydroxytryptamine; S-HT) and/or noradrenaline are targeted by
almost all contemporary antidepressant and anti-anxiety medications. The mechanisms by
which medications like selective serotonin reuptake inhibitors (SSRIs), tricyclic
antidepressants (TCAs), monoamine oxidase inhibitors (MAOIs), and serotonin-
noradrenaline reuptake inhibitors (SNRIs), among others, relieve depression and anxiety
symptoms remain to be fully elucidated following decades of research. Further
exploration of the means by which CRH dysregulation can affect neuromodulation of
these two neurotransmitter systems in normal and disordered affective and anxiety
responses is necessary (Koob, 1999; Charney, 2004; Risbrough and Stein, 2006). Data

regarding the key role of CRH in depressive symptoms has led to the development of

CRH antagonists as putative antidepressants (Hauger et al., 2006).
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C.3. Methodological Considerations

CRH is normally measured in either plasma or cerebrospinal fluid (CSF) using
custom or commercial 1>’ radioisotope kits (Phoenix Peptides, Bachem). While these kits
usually have low cross-reactivity with other neuropeptides, they require an advanced
level of laboratory resources and expertise to work with '2I radioisotopes. Commercial
enzyme-linked immunoassay (ELISA) kits and systems are also available (Phoenix
Peptides). However, the sensitivities of such kits are inadequate to measure CRH in
human biological fluids.

Perhaps a more important issue is the decision to use plasma or CSF to measure
CRH in clinical populations. Most studies that examine CRH levels in clinical psychiatric
populations have used CSF rather than plasma. Doing so requires advanced medical
expertise to perform lumbar punctures on participants, which are often very painful and
increasingly call into question ethical standards for the treatment of research participants.
Presently, there is no firm evidence to suggest it is beneficial to use CSF rather than
plasma when measuring CRH. However, it has been suggested that peripheral sources of
CRH do exist (Mastorakos et al., 2006; Kalantaridou et al., 2007) and thus changes in
peripheral release of CRH may confound data seeking to assess differences in CNS CRH.
Whether measured in human plasma or CSF, there is presently no way to differentiate
between hypothalamic and extrahypothalamic CRH. This is problematic since the
endocrine and neuromodulatory roles of CRH are very different and the sites of CRH
dysregulation in the CNS must be identified to further our understanding of stress
disorders. Using animals, direct measurement of CRH levels from specific brain regions

is possible. In humans, however, we are presently limited to the use of CSF or plasma,
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which reflect a balance between CRH release, enzymatic degradation and clearance
(Kaschow et al., 2001). The development of radiotracers selective for CRH receptors may
allow researchers to examine CRH neurotransmission in the CNS more selectively using

the neuroimaging technique positron emission tomography (PET).

D. AVP
D.1. Introduction

AVP was first isolated, identified and synthesized in 1954 by du Vigneaud and
colleagues (du Vigneaud et al., 1954). Since its initial discovery, several functional roles
of AVP have been established. First and foremost, AVP is a powerful antidiurectic and is
released from the posterior pituitary in response to increasing plasma osmolality and
hypovolemia, as well as hypotension and hypoglycemia (Dunn et al., 1973; Laszlo et al.,
1991). Second, the role of AVP as a co-secretagogue with CRH in stimulating the release
of ACTH in the HPA axis signaling cascade has been well established. As such, animal
models and studies in healthy and clinical populations have further established a role for
AVP in the regulation of physiological and psychological stressors and anxiety states.
The physiology of AVP in the regulation of stress response will be explored in the

following sections.

D.2. Synthesis, Location and Pharmacology of AVP
AVP-containing cell bodies are localized within the hypothalamus and are
subdivided within specific areas of the hypothalamus on the basis of functional role.

Magnocellular neurons containing AVP have cell bodies localized within the supraoptic
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nucleus and PVN and nerve endings in the external zone of the median eminence.
Osmotic stressors, such as increasing plasma osmolarity, hypovolemia, and hypotension
cause AVP vesicles to be released from magnocellular neurons into the median
eminence, where they are transported into the posterior pituitary and subsequently
released into peripheral circulation (Holmes et al., 1986). Parvicellular neurons have cell
bodies localized primarily within the PVN and AVP is secreted into pituitary portal
circulation via nerve endings projecting to the median eminence (de Goeji et al., 1991).
These cell bodies are localized within the dorsomedial parviceilular subdivision of the
PVN and release both CRH and AVP. Once AVP enters portal circulation, it is
transported to the anterior pituitary, where it acts on pituitary corticotrophs to release
ACTH. Three populations of pituitary corticotrophs have been identified: (1) CRH-
sensitive corticotrophs, (2) AVP-sensitive corticotrophs, and (3) CRH/AVP-sensitive
corticotrophs (Jia et al., 1991). AVP is also found in the BNST, amygdala, dentate gyrus,
nucleus accumbens, dorsomedial suprachiasmatic nucleus, cerebellum, intermediate lobe
of the pituitary, and the septal region (Gerstberger et al., 1989).

With regard to the relative proportions of CRH- and AVP-containing neurons in
the parvicellular subdivision of the PVN, differences between rodents and humans have
been noted. In non-stressed rats, approximately 50% of CRH-containing neurons of
parvicellular neurons also co-express AVP (Whitnall et al., 1987). In humans, there is
evidence to suggest that all CRH neurons in the parvicellular neurons of the PVN contain
AVP (Mouri et al., 1993). These species differences are important, since rodent models
have been used to show increases in the proportion of AVP-secreting neurons following

chronic stress and will be discussed in later sections. They are noted here to point out that
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rodent models may not be an adequate reflection of stress-induced changes in human
brain. If all human CRH-containing neurons in parvicellular neurons of the PVN also
contain AVP, then the proportion of AVP-expressing neurons cannot increase as a result
of chronic stress. However, increases in AVP vesicle and concentration may occur (De
Goeji et al., 1992a, b).

In the anterior pituitary, AVP interacts with V;, receptors on corticotrophs to
stimulate the release of ACTH through the phosphatidylinositol second messenger system
(Jard et al., 1986; Lolait et al., 1995). These receptors are also found in other brain
regions as well as in the heart, lungs, breast, and kidneys. Other receptors, which are less
relevant for this discussion, include the V, receptor which is found on blood vessels and
in some brain regions and V; receptors, which are found in principal cells of the renal
collecting system in the kidney (De Wied et al., 1991).

While it has been repeatedly established that the synergism between AVP and
CRH in stimulating the release of ACTH is far in excess of either peptide alone (Gillies et
al., 1982; Rivier and Vale, 1983; Lamberts et al., 1984; Antoni, 1993), the potency of
AVP in the absence of CRH is debatable. One study found CRH to be the more potent
ACTH secretagogue (Salata et al., 1988), while another study found AVP and CRH to be
equally effective alone (Murakami et al., 1984). A mouse model using CRH; receptor
deficient mice found that AVP can act as a compensatory mechanism to overcome
impairments in CRH signaling and maintain HPA activity (Turnbull et al., 1999; Muller
et al., 2000). Thus, while many researchers believe that CRH is the primary regulator of
the HPA axis, with AVP adding a synergistic and/or compensatory effect, the role of

AVP in maintaining the HPA axis may be underappreciated.
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The mechanism by which AVP and CRH synergistically stimulate the release of
ACTH is not well understood. A selective V;, receptor antagonist (SSR149415) has been
developed. This compound prevents the rise in ACTH caused by AVP and possesses
antidepressant and anxiolytic properties (Serradeil-Le Gal et al., 2002; Greibel et al.,
2002). Tanoue and colleagues (2004) found that CRH induced rises in ACTH in V;
receptor-deficient mice were not significantly different than those observed in mice that
were not deficient in V;, receptors. Equivocal data exist on the impact of decreased Vy,
receptor density on basal ACTH levels, with some researchers finding V,, receptor-
deficient mice having lower basal levels of ACTH than wild type mice (Tanoue et al.,
2004), while others finding similar basal ACTH levels (Lolait et al., 2007). This is in
contrast to a study that found similar basal levels of ACTH in CRH; receptor-deficient
mice when compared to wild type controls (Timpl et al., 1998). Further, the increase in
ACTH in V; receptor-positive mice was significantly higher than that observed in V ;-
deficient mice following a forced swim test and in another study using chronic restraint
stress (Lolait et al., 2007). Finally, in CRH, receptor-deficient mice, an increase in the
activity of the vasopressinergic system has been noted with increases in basal plasma
AVP, AVP mRNA in the PVN, and increased AVP in the median eminence (Muller et
al., 2000). Therefore, the physiological contributions of AVP and the V,, receptor on
pituitary corticotrophs may be particularly important during periods of stress but also
play an important role in the regulation of basal ACTH levels.

Further studies examining changes in CRH; and V;, receptor numbers occurring
as a result of chronic alterations in CRH and AVP have also demonstrated syngerism

between the two peptides. Minipump infusion of CRH into the pituitary resulted in
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decreased numbers of CRH; receptors, which was further reduced by simultaneous
infusion of AVP (Tizabi et al., 1992). Elevations in CRH and AVP brought about by
chronic stress have also been found to decrease the number of CRH receptors in the
pituitary (De Goeji et al., 1992; Tizabi et al., 1992). Conversely, repeated immobilization
stress resulted in an increase in V, receptor mRNA in the pituitary, reflective of potential
Vv receptor upregulation occurring as a result of chronic stress (Rabadan-Diehl et al.,

1995).

D.3. AVP and Stress Models

It has long been appreciated that CRH and AVP are released in response to stress
and play primary roles in the initiation of the HPA axis. Animal stress models have
suggested that CRH and AVP may be released in varying proportions dependent upon the
type and duration of the stressor (Romero and Sapolsky, 1996). Scott and Dinan (1998)
summarized the role of AVP in ACTH release as a function of the animal paradigm used.
Using rodent models of acute stress, AVP played a role in the release of ACTH during
frustration (Romero et al., 1995), submission (Romero et al., 1995), immobilization stress
(Negro-Vilar and Saavedra, 1980; Bartanusz et al., 1993a,b; Bartanusz et al., 1994), and
footshock (Knepel et al., 1985; Romero and Sapolsky, 1996). AVP appeared to have no
role in a social isolation model and CRH was the primary ACTH secretagogue, while in
footshock stress, AVP was the primary ACTH secretagogue (Romero and Sapolsky,
1996). Studies examining novelty stress in rodents have been inconclusive (Lutz-Bucher

and Koch, 1983; Priou et al., 1993; Romero and Sapolsky, 1996). Using human stress
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models, plasma AVP levels increase during social isolation and confinement (Maillet et
al., 1993) and during exposure to psychological stressors (Meyerhoff et al., 1990).

AVP release has also been examined in animal models of chronic stress. Chronic
psychosocial (De Gogji et al., 1992) and immobilization stress (Hauger et al., 1990) led to
increased synthesis of AVP in parvicellular neurons of the PVN as well as increased
presence of AVP in nerve terminals in the median eminence. Further evidence suggests
that during chronic stress, the hypothalamic AVP/CRH signal may shift in favor of AVP,
as demonstrated in psychosocial and immobilization stress models (Bertini and Kiss,
1991; Whitnall, 1989; Scott and Dinan, 1998). Finally, using rodent stress models, an
increased proportion of parvicellular neurons co-expressing both CRH and AVP have

been observed. As described earlier, this finding may not be relevant for humans (Mouri

etal., 1993).

D.4. Methodological Considerations

There are a number of good commercial kits available to measure AVP in plasma
using ELISA with low-cross reactivity and reasonable sensitivity (American Research
Products Inc, Assay Designs/Stressgen Bioreagents, Biomeda Corporation, RnD
Systems). The primary issue in the measurement of AVP involves the validity of using
biological fluids such as plasma in the periphery to infer changes in AVP levels occurring
in the anterior pituitary within the context of the HPA axis.

Plotsky (1991) has suggested that peripheral AVP levels may be an order of
magnitude lower than those found in portal circulation within the pituitary. However,

AVP is also released into peripheral circulation via the posterior pituitary in response to
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osmotic stressors such as increasing plasma osmolarity, hypovolemia, and hypotension.
While AVP from parvicellular hypothalamic neurons acts primarily in the anterior
pituitary by regulating the HPA axis, that released by magnocellular hypothalamic
neurons into the posterior pituitary acts on the kidneys, blood vessels and other sites
within the periphery and its release is stimulated by very different triggers. Unfortunately,
there is no evidence to define the relative contributions of parvicellular and
magnocellular sources of AVP in the periphery. Therefore, when conducting peripheral
measurements of AVP in plasma as part of studies of the HPA axis, it may be important
to maintain constant fluid volumes in participants as well as monitor blood pressure to
lower the risk of changing AVP levels occurring as a result of osmotic stressors. Doing so
will reduce variation in the amount of AVP released from the posterior pituitary and
increase the likelihood that changes in plasma AVP levels that occur during challenges of

the HPA axis can be directly attributable to that released into the anterior pituitary.

E. Regulation of the HPA Axis

The HPA axis plays a key role in adaptation to internal and external challenges
and attempts to maintain homeostatic balance within the body. Doing so requires both
intrinsic and extrinsic mechanisms of control over the HPA axis to ensure an optimal
level of functioning in response to homeostatic challenges. Multiple brain regions are
directly and indirectly interconnected with the HPA axis and are responsible for the
activation or inhibition of the hypothalamic PVN in the face of perceived challenges to
homeostasis. Once activated, appropriate feedback mechanisms are also in place to

ensure HPA axis functioning is returned to basal levels after the challenge has ended.

53



Tight regulation of the HPA axis is crucial, and imbalances associated with this cascade
have been associated with numerous disease processes. While a complete review of this
literature is beyond the scope of this thesis, interested readers are referred to key reviews
around regulation of the HPA axis (Herman et al., 1996; 2003; 2005). This literature will

be summarized in the following paragraphs.

E.1. Negative Feedback by Glucocorticoids

Since glucocorticoids induce genomic actions, regulation of the cortisol secretion
and the HPA axis cascade is essential. In humans, cortisol release has a distinct circadian
rhythm regulated by the suprachiasmatic nucleus, with levels highest in the morning
(Keller-Wood and Dallman, 1984; Cascio et al., 1987). Secretion of glucocorticoids in
response to disruptions in homeostasis is tightly regulated to prevent prolonged
elevations that may induce cellular damage or dysfunction. Cortisol is free to cross
cellular membranes, where it enters the nucleus and modulates gene transcription by
binding with gene transcription factors or gene response elements (Pearce and
Yamamoto, 1993; McKay and Cidlowski, 1998). Glucocorticoid receptors are
responsible for mediating the biological activity of cortisol and for providing negative
feedback on the HPA axis. Negative feedback is induced when CRH and/or AVP release
from neurons in hypothalamic PVN is prevented and the HPA axis cascade is thus
blocked. MRs are thought to maintain basal HPA axis tone, while GRs seem to be more
important for the regulation of stress responses (Ratka et al., 1989; Dallman et al., 1989;

De Kloet et al., 1998).
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Chronic stress has been shown to induce both habituation and facilitation of the
HPA axis (Herman et al., 2005). Habituation occurs when a specific stressor is applied
repeatedly and the glucocorticoid response diminishes in response to the stressor (Cole et
al., 2000). Conversely, in facilitation, exposure of chronically stressed animals to a novel
stimulus leads to elevated glucocorticoid response compared to non-stressed controls
(Akana et al., 1992). Further, in human subjects, elevated cortisol release in response to
psychosocial challenge has been noted in survivors of IT with MDD (Heim et al., 2000)
or PTSD (Elzinga et al., 2003; Bremner et al., 2003). Thus, the mechanisms by which
~ facilitation occurs may have important implications in the pathophysiology of stress
disorders.

In addition to feedback regulation by glucocorticoids, several structures within the
CNS are known to be involved in the integration of HPA axis activity. Signals regarding
perturbations in the internal environment are predominantly relayed to the hypothalamic
PVN by brain stem pathways. The NTS and ventrolateral medulla appear to relay signals
involving cardiovascular, respiratory, or visceral stimuli to the PVN (Swanson and
Sawchenko, 1983; Cunningham and Sawchenko, 1988; Herman et al., 2005). Infection
and/or toxins in the periphery are also known to stimulate the HPA axis via ascending
brain stem afferents (Ericsson et al., 1994; 1997) or by stimulating local synthesis of
prostaglandins (Rivest, 2001) and/or nitric oxide (Rivier, 2001; Herman et al., 2005).
Ascending projections from autonomic centers of the brain to the PVN are usually
peptidergic (enkephalin, NPY, neurotensin, dynorphins) or catecholaminergic in nature

(Palkovits, 1999).
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Physiological and psychological stimuli invoked by changes in the external
environment are far more complex and require the recruitment and integration of signals
involving sensory, cognitive, emotional, memory, fear, and defensive processes.
Glucocorticoid receptors have been identified in the hippocampus, amygdala, medial
PFC, BNST, LC, and raphe nucleus and each of these areas has been found to exert
control over the HPA axis. While brainstem nerve populations innervate PVN nuclei
directly, the BNST appears to coordinate all stress-regulatory signals from regions such
as the hippocampus, amygdala, medial PFC and other regions involved in stress
responding to the PVN (Canteras et al., 1995; Crane et al., 2003; Herman et al., 2005).
Further, while the amygdala appears to have a predominantly stimulatory effect on the
HPA, the regulatory impact of other regions such as the hippocampus and medial PFC
appears to be complex and stressor-dependent (Herman et al., 2003; Herman et al., 2005).

Not surprisingly, many of the brain structures that have been implicated in the
regulation of the HPA axis have also been implicated in stress disorders such as MDD,
PTSD, and other anxiety disorders, among others. The intricate interconnectivity
between these structures highlights the importance of further preclinical and clinical
research to ascertain the connection between dysregulation within the CNS and
psychiatric symptoms occurring as a result of stress. Dysregulation within one area of the
limbic system has the potential to cause dysfunction in multiple others due to the vast
interconnectivity within this system. The primary issue is identifying which forms of
dysregulation contribute to psychiatric symptoms associated with exposure to acute or
chronic stress and whigh are simply surrogate markers of dysfunction within other

systems.
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IV. HPA AXIS AND MDD

As one of the body’s major stress response systems, the integrity of the HPA axis
has been repeatedly examined in stress-related psychiatric illness. Initial studies
examined plasma and urinary cortisol levels in individuals with MDD. This research later
expanded to include the examination of other regulatory peptides such as CRH, AVP,
ACTH, and B-END as well as changes in glucocorticoid receptor density and decreased
negative feedback on the HPA axis in depressed individuals. Over the last 50 years, both
preclinical and clinical studies have contributed to a huge body of evidence that identifies
HPA axis dysregulation in many individuals with MDD. While HPA axis dysregulation
has not been consistently observed in all individuals with MDD, it has been widely
accepted as a dysregulated pathway in the pathophysiology of MDD.

Early research involving the HPA axis and MDD has given way to the role of the
HPA in stress-related psychiatric illness in general. In particular, HPA axis dysregulation
has also been observed in PTSD. Unlike MDD, discrepant findings have been observed
involving the HPA and PTSD. This may be attributed to the plurality of behavioral
responses to severe stressors. As discussed earlier, female survivors of IT frequently have

symptoms of both MDD and PTSD.

A. Cortisol Hypersecretion in Depression

Initial indications that HPA axis functioning was compromised in depressed
individuals was discovered 50 years ago when elevated basal plasma cortisol levels were
observed in patients with MDD (Gibbons and McHugh, 1962; Gibbons, 1964). Further

evidence that HPA axis functioning may be compromised in individuals with MDD came
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from studies examining Cushing’s disease. Individuals with Cushing’s disease often
exhibit severe depression as well as elevated production and secretion of glucocorticoids
(Brown et al., 2004; van Rossum and Lamberts, 2006). Early research examining basal
cortisol levels in MDD and Cushing’s Disease contributed to the modern stress-diathesis
model of depression, whereby dysregulation within the HPA axis is explicitly linked to

the etiology of depression.

Since the initial discovery that cortisol levels may be elevated in individuals with
MDD, hundreds of studies have been carried out attempting to correlate baseline cortisol
levels with mood. Although basal cortisol hypersecretion has been generally accepted as
a clinical observation in MDD (Steckler et al., 1999; Plotsky et al., 1998; Nemeroff and
Vale, 2005), not all studies support these findings (Peeters et al., 2004; Burke et al.,
2005). In response to the variability observed in studies examining baseline levels of
cortisol in individuals with MDD, researchers started to examine changes in plasma
cortisol levels resulting from pharmacological challenge. Cortisol levels obtained in the
context of neuroendocrine challenges are often more informative than baseline
measurements, due to intra- and inter-individual variability in basal cortisol levels. One
such challenge is the dexamethasone suppression test (DST), where a low dose of a
synthetic glucocorticoid, dexamethasone (DEX), ranging from 0.25-1.5mg, was used
frequently in research examining the integrity of the HPA axis in depressed individuals.
DEX suppresses ACTH production in the anterior pituitary corticotrophs and
subsequently leads to the suppression of cortisol release from the adrenal cortex for 24-48
hours. Non-suppression of cortisol release by DEX has been demonstrated in some, but

not all, individuals with MDD (Arana et al., 1985; Braddock et al., 1986; Ribeiro et al.,
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1993; Rush et al., 1997). It has been suggested that cortisol non-suppression by DEX in
individuals with MDD is a marker of impaired feedback regulation and HPA axis
hyperactivity. Only about 44% of depressed individuals demonstrate DEX non-
suppression, disqualifying the DST as a diagnostic screening test (Arana et al., 1985;
Christensen and Kessing, 2001). However, a meta-analysis by Nelson and Davis (1997)
revealed that DEX non-suppression status was more commonly found in individuals with
MDD with psychotic features than in those with MDD alone. Elevated basal cortisol
levels and/or failure of DEX to reduce elevated cortisol levels has been observed in up to
2/3 of depressed individuals (Carroll et al., 1981; Gold et al., 1988; Chrousos and Gold,
1992; Holsboer and Barden, 1996; Nemeroff, 1996; 1998).

Attempts have been made to correlate clinical relationships between the
suppressor and non-suppressor status of depressed individuals. These attempts have been
largely unsuccessful, with no relationships identified between the type, duration, or
severity of depressive symptoms. However, it has been demonstrated that in those
individuals who remain DEX non-suppressors following successful treatment of

depressive symptoms, the risk of relapse is substantially higher (Ribeiro et al., 1993).

Following the discovery of CRH as a hypothalamic releasing hormone for ACTH,
synthetic CRH (1pg/kg) was used to challenge the HPA axis in depressed individuals.
While healthy controls show elevated ACTH and cortisol release following CRH
challenge, depressed individuals who are non-suppressors following the DST had blunted
ACTH release and normal cortisol release (Risch et al., 1988; Gold et al., 1988; Kathol et
al., 1989; Heuser et al., 1994). In depressed individuals with normal DST suppression,

blunted ACTH responses to CRH challenge were not observed.
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In response to the poor sensitivity of the DST and CRH stimulation test, Heuser
and colleagues (1994) developed a combined DEX-CRH double challenge. Overall, this
test is far more sensitive in detecting a major depressive episode (~80%) and has a
specificity of 75% for major depressive episodes compared to controls. A number of
studies have demonstrated enhanced secretion of cortisol and ACTH to DEX-CRH
challenge in depressed individuals compared to controls (Heuser et al., 1994; Holsboer et
al., 1995; Zobel et al., 1999; 2001; Baghai et al., 2002). Using the DEX-CRH challenge it
has been found that patients who have a high cortisol response following treatment will
have a higher risk of relapse within 6 months (Zobel et al., 1999; 2001). Also, it has been
repeatedly documented that the resolution of depressive symptoms is correlated with
normalization of the HPA axis (Holsboer et al., 1987; Holsboer-Trachsler et al., 1991;
Heuser et al., 1994). However, an investigation of healthy individuals at high genetic risk
for the development of affective disorders showed abnormal DEX-CRH test results with
a cortisol release that was between that of a control group and a group of patients with
depression (Holsboer et al., 1995; Modell et al., 1998). Approximately four years later,
several of the high-risk healthy individuals were re-tested in the DEX-CRH challenge,
and it was found that their cortisol levels were similar to those previously documented
(Modell et al., 1998). Thus, abnormal cortisol response to DEX-CRH may represent a
vulnerability marker in some individuals (Modell et al., 1998). Ashman and colleagues
(2002) suggested that the HPA axis is more reactive in children of depressed mothers.
However, it is unknown whether these observations are due to genetic predisposition or
increased psychosocial stress resulting from being the offspring of a depressed mother.

Rybakowski and Twardowska (1999) have reported that HPA axis dysregulation detected
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by the DEX-CRH challenge is far more marked in bipolar depression than in unipolar
depression. It has also been suggested that the severity of HPA axis dysregulation
increases over the course of the affective illness (Rybakowski and Twardowska, 1999,
Zobel et al., 1999), but few studies have documented the number of depressive episodes,

duration, and/or type of depressive illness (Christensen and Kessing, 2001).

B. Glucocorticoid Receptors

GRs are the primary focus of attention in the pathophysiology of depression.
While dysregulated stress responses are thought to underlie depression in some
individuals, one of the primary reasons much of the research has focused on GRs is due
to the fact that DEX selectively binds GRs. However, it has been demonstrated that MR
activation might also play an important role in the regulation of the HPA axis during the
presence of high levels of cortisol by interacting with GRs (Spencer et al., 1998).

Because it is not presently possible to examine MRs and GRs in living human
brain tissue, a number of peripheral measurements have been employed to examine GRs
specifically. The results of studies examining GR changes in depressed individuals have
been mixed, with the majority of studies reporting no change in the binding of GRs in
lymphocytes (Schlechte and Sherman, 1985; Maguire et al., 1997) and mononuclear cells
(Hunter et al., 1988; Wassef et al., 1992; Rupprecht et al., 1991a; 1991b). However, some
studies have reported decreased binding of GRs in mononuclear cells (Gormley et al.,
1985; Whalley et al., 1986; Yehuda et al., 1993) and lymphocytes (Sallee et al., 1995) of
depressed individuals. Pariante and Miller (2001) have suggested the binding techniques

used in these studies may have had an impact on the interpretation of the data.
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Postmortem brain has also been used to examine GR mRNA in brain tissue of
depressed suicide victims. A study examining GR mRNA in the hippocampus found no
difference between depressed suicide victims and healthy controls (Lopez et al., 1998).
Another study also found no differences in GR mRNA levels between controls and
depressed patients, but did observe decreased GR mRNA in the frontal cortex and
hippocampus when data from depressed, bipolar, and schizophrenic individuals were

pooled (Webster et al., 2000).

C. The Role of CRH in the Pathophysiology of Depression

It has been suggested that HPA axis dysregulation in depressed individuals is
driven by hypersecretion of CRH (Arborelius et al., 1999). Overall, studies examining
CRH levels in depressed individuals have been mixed. While a number of studies have
observed significantly elevated levels of CSF and plasma CRH in depressed patients
(Nemeroff et al., 1984; 1991; Arato et al., 1986; 1989; Banki et al., 1992; Widerlov et al.,
1988; Risch et al., 1992; De Bellis et al., 1993; Catalan et al., 1998; Galard et al., 2002),
several studies have found no differences (Kling et al., 1991; Molchan et al., 1993; Pitts
et al., 1995). Finally, studies using serial CSF sampling observed decreased CRH levels
over a 6 hour time frame (Geracioti et al., 1992; 1997).

Post-mortem studies have found differences in CRH levels in the brains of

depressed individuals compared to controls. Raadsheer and colleagues (1995) found
increased CRH mRNA levels in the PVN of deceased individuals known to have MDD.

Another study examining post-mortem brain from male suicide victims found elevations
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in CRH levels in the LC, median raphe, and dorsal raphe, while no differences were
observed in the medial parabrachial nucleus and dorsal tegmentum (Austin et al., 2003).
Animal models have been extensively used to examine the HPA axis following
stressful life events. The maternal separation model of depression has been used to
examine behavioral and HPA axis changes in both rodents and non-human primates
(Suomi, 1991; Anisman et al., 1998). Animals removed from their mothers either
permanently or for unpredictable periods of time, demonstrate behavioral symptoms
associated with depression, such as disturbed sleep, altered food intake, and decreased
exploratory activity (McKinney et al., 1984). Increases in CRH binding sites in the dorsal
raphe nucleus have been observed following maternal separation, in addition to increased
CRH immunoreactivity in the parabrachial nucleus (Ladd et al., 1996), which has been
implicated in the pathophysiology of depression and anxiety disorders (Weiss et al.,
1994). Increased levels of CRH mRNA have also been observed in the central nucleus of
the amygdala following maternal separation (Menzaghi et al., 1993). Thus, elevations in
CRH activity in both hypothalamic and extrahypothalamic areas may play a role in the
pathophysiology of depression. However, the two models described in this report, as well
as most models used to reproduce depressive symptoms, place special emphasis on the
presence of stressful early life events for the later development of depression. While this
may be true for some individuals, it is unlikely that all individuals who develop MDD
were subjected to stressful early life events, Thus, questions arise whether the
development of depression follows a single common pathway regardless of one’s life
experience, age, genotypic and/or phenotypic factors, support network, and/or gender,

among others. Alternately, it might be that diverse etiological factors can affect specific
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neura] pathways that are so interconnected that a “final common pathway” concept is
more relevant to future research. MDD is recognized as a heterogeneous spectrum
disorder; further sub-grouping within the depressed population is imperative in advancing
ctiological model development.

Finally, CRH antagonists are being examined as potential pharmacological agents
in the treatment of MDD (Holsboer, 2003; Zoumakis et al., 2006). A small open-label
study explored the use of the CRH, receptor antagonist, R121919, as a potential
antidepressant in 24 patients with MDD (Zobel et al., 2000). This study found both
patient- and clinician-rated depression and anxiety scores improved over the course of
treatment. No significant side effects were associated with the administration of R121919
(Kunzel et al., 2003). Larger, double-bind, placebo-controlled trials are required to

examine the efficacy of CRH antagonists in the treatment of MDD,

D. Baseline Levels of AVP in Depression

Attempts to examine AVP levels in depressed individuals have been plagued by
methodological problems, leading to conflicting results. CSF levels of AVP have been
shown to be decreased in depressed patients compared to controls (Gjerris et al., 1985).
Numerous studies have reported no change in CSF (Pitts et al., 1995) and plasma AVP
levels compared to controls (Raskind et al., 1979; Gjerris et al., 1985; Sérenson et al.,
1985; Ritchie et al., 1991). Of these studies, one had a small sample size (Raskind et al.,
1979), while two others used neurologically ill patients as controls (Gjerris et al., 1985;
Sorenson et al., 1985). One study has shown increased levels of plasma AVP in

depressed patients compared to controls (Van Londen et al., 1997). However, the plasma
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levels reported in this study are much higher than those reported previously and may be
the result of high cross-reactivities reported in the assay procedure (Van Londen et al.,
1997). Inder and colleagues (1997) did not find significant differences in AVP levels
between a group of depressed subjects (n=45) and healthy controls (n=11) but did find
elevated AVP levels in two small subgroups of depressed subjects — those with
hypercortisolemia (n=6) and those with suicidal ideation (n=7). Finally, post-mortem
studies in depression have shown an increased number of AVP-expressing neurons in the
PVN of the human hypothalamus in depression (Purba et al., 1996), while another study
found increased numbers of AVP-immunoreactive neurons in the suprachiasmatic nuclei
of depressed individuals compared to controls (Zhou et al., 2001).

In addition to cross-reactivity issues in specific assays, there are other
measurement issues that add to the difficulty in interpreting data across sources. Single
time-point measurements have been used in all studies examining AVP levels. Since
plasma AVP levels are subject to random fluctuations (Rubin et al., 1978; Lavie et al.,
1980; Brandenberger et al., 1998), multiple sampling over a period of time and area
under the curve measurements are better indicators of AVP levels in plasma. As
previously reviewed, the source of plasma AVP is an ongoing concern.

While AVP and CRH are both ACTH secretegogues and are thought to act in a
synchronous manner in stimulating the release of ACTH, there are presently no data
available on the interaction of the two neuropeptides in depressed individuals. Meaney
and colleagues (1996) have suggested that early life stress affects patterns of CRH and
AVP gene expression, synthesis, and/or release and thus may play a role in the sensitivity

of the HPA axis and the subsequent development of MDD, PTSD, and other disorders
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associated with early stressful life events. A study by Nakase and colleagues (1998) has
also documented increases in AVP and CRH mRNA levels in the PVN of adult rats who
were exposed to walking stress. Thus, both early and later life stress have the ability to
induce changes in the regulation of CRH and AVP synthesis and release and may play a
role in the development and pathophysiology of depression.

One novel attempt at sub-grouping the depressed population has recently
emerged. Recent research results emerging from a group in the Netherlands have
suggested that an anxious-retarded subtype of depression can be derived from the DSM-
IV category of melancholia (de Winter et al., 2003). The anxious-retarded subtype is
characterized by three primary dimensions of emotional dysregulation, autonomic
dysregulation, and motivational inhibition (de Winter et al., 2004). Autonomic
dysregulation is associated with somatic anxiety, while motivational inhibition is
associated with psychomotor retardation and anhedonia. Additionally, anxious-retarded
depression has been associated with a family history of depression (de Winter et al.,
2004), but more importantly for this discussion, elevated plasma levels of AVP and
cortisol (de Winter et al., 2003; Goekoop ct al., 2006). This association was not
established for the purely melancholic form of depression. Earlier evidence noted an
association between psychomotor retardation in depression and higher levels of AVP
(Van Londen et al., 1998). Since the subtype of anxious-retarded depression is not
currently included in the DSM-IV and most of this research has been carried out by the
same research group, further studies are required by independent and external groups to
corroborate data not only for the classification of anxious-retarded depression, but also

the elevated AVP levels observed in this phenotype of depression.
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E. Challenge Studies of AVP in Depression

Several groups have attempted to challenge the vasopressinergic system in
individuals with MDD using AVP and its analogues. Cortisol and/or ACTH output were
used as a means of assessing HPA axis function. Overall, these studies have had
inconsistent findings, but this may be a reflection of the sample populations examined,
the severity of depression in subjects examined and/or the type and dose of AVP
administered during the challenge. Meller and colleagues (1987) observed normal ACTH
and increased cortisol responses to AVP infusion in 27 subjects with either MDD or
bipolar disorder during an active major depressive episode compared to a control group.
Another study by Kathol and colleagues (1989) noted non-significant trends toward a
decrease in ACTH and an increase in cortisol levels (Kathol et al., 1989).

Two studies have also been carried out using the AVP analogue, desmopressin
(DDAYVP), to challenge the HPA axis (Malerbi et al., 1996; Dinan et al., 1999). Malerbi
and colleagues (1996) found no differences in ACTH and cortisol between individuals
with MDD and controls following DDAVP infusion. In the second study, individuals
with MDD underwent CRH infusion on the first visit and CRH+DDAVP infusion on the
second visit (Dinan et al., 1999). The responses between the two visits were then
compared. Following CRH infusion alone, ACTH output was blunted compared to
controls. However, following CRH+DDAVP infusion, the ACTH response was
indistinguishable between depressives and healthy controls. This is consistent with
animal studies that have noted a downregulation of CRH, receptors and an upregulation

of V), receptors in models of chronic stress (Scott and Dinan, 2002).
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F. Conclusions Regarding Dysregulation of the HPA Axis in MDD

Current evidence supports dysregulation in the HPA axis for some individuals
with MDD. Basal hypercortisolemia and alterations in patterns of cortisol release
occurring after pharmacological challenge with DEX or DEX/CRH administration have
not been universally observed. In fact, even though it is the most commonly used
pharmacological challenge used in MDD, cortisol non-suppression following DEX
administration has only been observed in approximately 50% of depressed individuals
(Christensen and Kessing, 2001). These observations raise questions regarding the
biological heterogeneity of MDD and the involvement of the HPA axis dysregulation in
the generation of depressive symptoms. Currently, there is little convincing evidence that
elevated cortisol levels actually contribute to depressive symptoms.

The role of CRH in the pathophysiology of MDD is a promising area of research.
In particular, further research regarding the neuromodulatory roles of extrahypothalamic
CRH in areas of the brain known to be involved in the regulation of mood and anxiety is
necessary. Regarding the HPA axis, the interaction between AVP and CRH in MDD
needs to be examined further. While CRH hypersecretion in individuals with MDD is
likely, it is unknown whether this occurs as a result of hypothalamic or
extrahypothalamic dysfunction. Current evidence does not support changes in AVP levels
in MDD. Future research should measure AVP and CRH simultaneously in MDD as

imbalances in the release of one or both neuropeptides may contribute to HPA axis

dysregulation.
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V. HPA AXIS AND PTSD

As in MDD, changes in HPA axis functioning have been observed in PTSD.
Animal models of stress provided initial evidence that fear and anxiety were connected to
changes in the functioning of the HPA axis. While an adequate animal model of PTSD
has not been established, early work involving animal models led researchers to examine

the link between serious trauma and potential changes in the functioning of the HPA axis.

Much of the research involving PTSD and the HPA axis has involved the
measurement of baseline levels of cortisol and changes in cortisol levels resulting from
DEX challenge. The literature involving other neuropeptides involved in the HPA axis
cascade such as AVP, CRH, and B-END is not quite as extensive, but preliminary work

has been carried out with both CRH and -END.

A. Cortisol Findings in PTSD

Baseline studies examining 24 hour urinary and single point cortisol
measurements in individuals with PTSD have been conflicting. Lower levels of cortisol
have been reported in PTSD patients in some (Mason et al., 1986; Yehuda et al., 1995;
Goenjian et al., 1996; Boscarino, 1996; Delahanty et al., 2000; Kanter et al., 2001,
Rohleder et al., 2004), but not all, studies (Pitman and Orr, 1990; Lemieux and Coe,

1995; Maes et al., 1998; Thaller et al., 1999).

The DST has been extensively used to challenge the HPA axis in PTSD patients.
Due to initial observations that Img of DEX caused enhanced cortisol suppression in
individuals with PTSD (Halbreich et al., 1989; Kosten et al., 1990), the low dose DST

(0.5mg) was introduced (Yehuda et al., 1993). In recent years, some researchers have
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even used a 0.25mg dose of DEX to challenge the HPA axis in subjects with PTSD.

Unlike the 1mg dose of DEX, no standard cut-off value for cortisol suppression has been

determined in the literature for DEX doses lower than 1mg.

A recent review by de Kloet and colleagues (2006) summarized all studies using
the DST in individuals with PTSD. Overall, most studies demonstrated enhanced cortisol
suppression in PTSD patients compared to controls using 0.25mg (Yehuda et al., 1995),
0.5mg (Yehuda et al., 1993; 1995; 2002; 2004; Stein et al., 1997; Newport et al., 2004),
and 1mg (Halbreich et al., 1989; Atmaca et al., 2002) doses of DEX. In contrast, a small
number of studies did not demonstrate enhanced cortisol suppression following DEX
administration (Kudler et al., 1987; Kosten et al., 1990; Thaller et al., 1999; Lindley et
al., 2004). Enhanced cortisol suppression in PTSD patients appears to be unaffected by
different types of trauma, medication status, or comorbid psychiatric conditions.
However, it has been suggested that the frequency of cortisol non-suppression is higher in
PTSD patients with comorbid MDD (de Kloet ¢t al., 2006). Therefore, the inclusion of
subjects with comorbid PTSD and MDD may produce a different neuroendocrine pattern

of response compared to those with one of the disorders alone.

Increased cortisol suppression in PTSD patients has often been attributed to
enhanced negative feedback on the HPA by cortisol. In response to psychosocial
challenge, PTSD subjects demonstrated elevated cortisol release in both the anticipation
phase and during the challenge (Bremner et al., 2003; Elzinga et al., 2003). Additionally,
increased GR density has been observed in mononuclear leukocytes, potentially

demonstrating enhanced feedback sensitivity of the HPA axis (Yehuda et al., 1991; 1993;
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1995; Stein et al., 1997). However, this has not been demonstrated in all studies (Yehuda

et al., 2002; 2004; Gotovac et al., 2003; Rohleder et al., 2004).

As reviewed by de Kloet et al. (2006), the HPA axis has also been challenged
using CRH and ACTH. Overall, studies using CRH and ACTH challenge have been
inconsistent, with conflicting results (Smith et al., 1989; Rasmusson et al., 2001; Kellner

et al., 2003).

B. CRH Hypersecretion in PTSD

As observed in MDD, basal CRH concentrations are increased in the CSF of
PTSD patients (Bremner et al., 1997; Baker et al., 1999). Many authors attempt to link
elevations in CRH in subjects with PTSD to the HPA axis since changes in basal cortisol
levels and glucocorticoid feedback have been observed (Baker et al., 1999; Kasckow et
al., 2001, Strohle and Holsboer, 2003; Claes, 2004). While it is unknown why elevations
in CRH are associated with very different symptom clusters such as those observed in
MDD and PTSD, it is likely that CRH dyregulation in different neural pathways

contribute to the observed psychopathology in these two disorders.

In addition to its role in the HPA axis cascade, CRH plays important roles in other
brain regions associated with the generation, maintenance, and termination of fear and
anxiety responses. These include regions such as the amygdala, LC, BNST, PFC and
hippocampus. Each of these brain regions have also been implicated in the
pathophysiology of PTSD, as supported by preclinical data and neuroimaging studies

looking at neuroanatomical differences between subjects with PTSD and healthy
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controls. Therefore, while it is tempting to associate CRH hypersecretion with HPA axis
dysregulation, CRH dysregulation in other areas of the CNS can more appropriately
explain some of the symptoms observed in PTSD. CRH represents one of the few known
peripheral markers of dysfunction within the limbic system, but due to its primary role

within the HPA axis cascade, it is often considered a marker of HPA axis dysregulation.

Amygdalar CRH projections to multiple areas of the limbic system play a
stimulatory role during anxiety and fear-provoking events. As discussed by Kim and
Gorman (2005), the amygdala initiates and coordinates fear responses by interacting with
other brain regions involved with the production of physiological stress responses.
Furthermore, the amygdala plays a key role in the production and storage of fearful
memories associated with emotionally significant traumatic events. Lesioning of the
amygdala has been shown to attenuate fear responses to angry voices, loud noises, and
other stimuli that would normally provoke emotional and anxious responses (Rolls, 1984;
Kim and Gorman, 2005). The role of the amygdala in the production of traumatic
memories is particularly significant, since one of the key features of PTSD involves re-
experiencing of memories associated with the trauma(s). Indeed, heightened activation of
the amygdala has been noted in subjects with PTSD compared to healthy controls during
the presentation of traumatic imagery and emotionally significant stimuli (Anand and
Shekhar, 2003; Shin et al., 2004; Stein et al., 2007; Bryant et al., 2007). Increased
cerebral blood flow has also been documented in the amygdala in PTSD patients
(Liberzon and Phan, 2003). It is presently unknown how CRH neurotransmission in the
amygdala is affected by changes in amygdalar functioning in individuals with PTSD,

since the measurement of in vivo CRH levels and assessment of CRH receptor
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functioning in specific regions of human brain is not currently possible. Since CRH plays
a stimulatory role in the amygdala, it is possible that increased amygdalar activity in
subjects with PTSD could lead to further release of CRH, thus contributing to the
increased CSF CRH levels observed in PTSD.

Stress models in animals have been instrumental in elucidating some of the
physiological effects of CRH and its possible role in anxiety disorders. CRH is elevated
in several brain regions, primarily the amygdala, hippocampus, PFC, and LC (Wiersma et
al., 1993; 1998; Asbach et al., 2001; O’Donnell et al., 2004; Merali et al., 2004;
Broadbear, 2006), during fear and arousal in animals. Neuroanatomical changes have
also been noted in the amygdala, hippocampus and PFC in subjects with PTSD (Kim and
Gorman, 2005; Karl et al., 2006). CRH has been found to increase L.C neuronal firing,
and this effect can be attenuated by CRH, receptor antagonists (Asbach et al., 2001;
Jedema and Grace, 2004). Noradrenergic dysregulation has been implicated in PTSD,
and, while beyond the scope of this thesis, may be responsible for many of the
autonomic, hyperarousal symptoms observed in subjects with PTSD (O’Donnell et al.,
2004). The LC is also closely associated with CRH projections from the amygdala. Thus,
increases in extrahypothalamic CRH may produce profound behavioral changes
associated with PTSD in its role as a neurotransmitter and neuromodulator within the

limbic system.

C.AVP
As discussed earlier, AVP and CRH are co-secretagogues of ACTH and are

responsible for the initiation of the HPA axis cascade. Animal research has implicated
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AVP in the generation of fear and anxiety responses, and patterns of release may vary as
a function of the stressor involved (Scott and Dinan, 1998). This has important
implications for individuals with PTSD, where traumatic events causing PTSD symptoms
can have physiological and/or psychological components. Despite its ability to act as an
ACTH secretagogue, the role of AVP in PTSD has been relatively ignored. No studies
have examined AVP levels in individuals with PTSD. Furthermore, clinical trials with
V1 receptor antagonists, demonstrating anxiolytic properties in rodents, have not yet
been carried out in PTSD patients. Thus, the roles of AVP in the emergence and
maintenance of specific PTSD symptoms are still inconclusive and further research is

warranted.

VI. HPA AXIS CHANGES IN INTERPERSONAL TRAUMA
A. Animal Models of Early Life Stress

It is recognized that genetic susceptibility and environmental stress may
contribute to the development of stress-related psychiatric sequelae. Individuals exposed
to early adverse life events are predisposed to the development of anxiety and affective
disorders later in adulthood (Heim and Nemeroff, 1999). Childhoods that are
characterized by neglect, abuse, instability, and adversity are frequently associated with
poor health outcomes. While poverty and low socioeconomic status (SES) have been
associated with increased risk of psychopathology, variations in parental care appear to
be more important in the mediation of intellectual and emotional development. In fact,
when the quality of parental care is controlled, SES has no significant impact on

childhood development (Conger et al., 1994; Fish et al., 2004). Low SES may negatively
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affect the emotional state of the parents, leading to higher levels of depression,
irritability, anxiety, and stress, impacting parent-child interactions and potentially leading
to more punitive forms of punishment (Conger et al., 1994; Belsky, 1997).

The importance of attachment between mother and child has been highlighted by
both social and biological scientists as an important variable in the development of a
well-adjusted individual (Vaughn et al., 1979; Morton and Browne, 1998; Moriceau,
2005). A number of animal models have employed variations in maternal care as a means
with which to study postnatal stress. While numerous variables involved in the
development of a child may contribute to early life stress or aversive stimuli, the bond
between mother and child is particularly important and easier to examine using animal
models of early life stress.

Animal models using postnatal handling, maternal separation, and repetitive pain
or restraint have demonstrated that neuroendocrine responses can be influenced by early
life stress well into adulthood (Anand et al., 1999; Hennessy et al., 1999; Liu et al., 2000;
Cirulli et al., 2003; Maccari et al., 2003). Long-term changes in brain plasticity as a result
of early environmental adversity likely contribute to individual differences in
physiological and behavioral responses to stress (Cirulli et al., 2003). Glucocorticoids
appear to be particularly influential in determining the course of prenatal (Seckl, 1998)
and postnatal (Fish et al., 2004) brain programming. In the subsequent paragraphs, key
findings will be highlighted. For more in-depth reviews, interested readers are referred
elsewhere (Meaney et al., 1996; Cirulli et al., 2003; Maccari et al., 2003; Fish et al.,

2004).
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A recent review by Fish and colleagues (2004) highlighted a body of literature
examining the long-term effects of maternal care on offspring in rodents. Researchers
sought to examine the impact of naturally occurring variations in maternal care on stress
response pathways and used licking/grooming (LG) behaviors and arched back nursing
(ABN; positive behavior associated with increased access to feeding) as determinants of
high or low maternal care. Regardless of whether the rodent received high or low
amounts of LG-ABN, all fell within the normal range of maternal care for the species and
no mother was classified as disinterested or neglectful.

Collectively this series of studies demonstrates that variations in maternal
behavior that still fall within the normal range of care for a given species may have vast
implications for the development of behavioral and physiological correlates of stress
response. Overall, offspring that received low levels of LG-ABN appear more reactive to
stressful stimuli both behaviorally and physiologically. Fish and colleagues (2004) clarify
that the transmission of individual differences in stress reactivity ié not genomic in nature
by citing studies that have employed reciprocal cross-fostering of offspring of high and
low LG-ABN mothers (O’Donnell et al., 1994; Francis and Meaney, 1999; Francis et al.,
1999; Francis et al., 1999; Caldji et al., 2003). These studies demonstrated that the quality
of maternal care was a strong determinant in stress reactivity and that offspring of low
LG-ABN mothers raised by high LG-ABN mothers had phenotypic traits similar to
offspring of high LG-ABN mothers.

A number of studies have examined maternal separation and postnatal handling as
a means with which to examine the long-term consequences of neonatal rearing in rats.

Overall, postnatal handling appears to attenuate the reactivity of stress response pathways
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through important behavioral and neuroendocrine mechanisms. Meaney and colleagues
(1988, 1989) have demonstrated increased glucocorticoid release and decreased feedback
sensitivity to elevated glucocorticoids levels in non-handled versus handled rats.
Additionally, handling increased GR binding capacity in the hippocampus of adult
animals. Chronic administration of corticosterone to adult rats handled as neonates
significantly reduced the binding capacity of the GR such that there were no differences
between handled and non-handled adult rats. These data suggest that increases in
glucocorticoids as a result of heightened stress reactivity in non-handled rats may mediate
differences in hippocampal damage between handled and non-handled rats later in life.
Differences in CRH synthesis and release have also been observed in postnatal
handling models. A 2.5-fold increase in CRH mRNA and peptide levels in the
hypothalamus has been observed in non-handled compared to handled animals (Plotsky
and Meaney, 1993). CRH release from the hypothalamus was also heightened in non-
handled animals. A more recent study by Plotsky and colleagues (2005) found increased
CRH-like immunoreactivity and mRNA levels in the PVN, central nucleus of the
amygdala, BNST, and LC in non-handled rats and handled rats with daily maternal
separations of 180 minutes versus controls (animals reared in a handling facility with
brief twice handling during weekly cage changes). The handled rats with 180 minute
maternal separation also demonstrated normal circadian troughs of ACTH and cortisol
but hypersecretion in response to airpuff startle and a 40% decrease in CRH, receptors
versus controls. Finally, transient increases in the central nucleus of the amygdala CRH
mRNA at day 6, as well as a prolonged decrease in PVN CRH at day 9 have been

observed in handled rats (Fenoglio et al., 2004).
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The impact of maternal separation on neuroendocrine measures has also been
examined extensively. Six hour separation in the first two weeks of life results in
decreased glucocorticoid binding in the hypothalamus and hippocampus, while 180-360
minute separations for the first two weeks of life result in increased plasma ACTH and
cortisol response to stress (Plotsky et al., 1993).

Taken together, rodent models of maternal care and early life stress suggest that
environmental interactions in the early postnatal period are important determinants of
long-term stress response. The quality of postnatal care appears to be particularly
important in the structuring of stress response pathways, where early life stress appears to
influence behavioral, cognitive and physiological responses to adverse stimuli later in
life. Early adverse conditions appear to result in amplification of stress responsivity later
in life. While it would make sense that early biological and behavioral adaptations to
early life stress may prepare individuals for later stressors as adolescents and adults, the
survival value of the observed changes are questionable. Rodent models examining the
impact of low levels of postnatal care, maternal separation, and handling on adult
offspring all noted hypersecretion of glucocorticoids as a result of acute stressors and
reduced negative feedback via GC receptors. Prolonged elevations of glucocorticoids are
neurotoxic in various brain regions, including the hippocampus and, thus, it is possible
that while hippocampal volumes were not measured in the animal models, hippocampal
damage was present. Hippocampal damage has been observed in both depression and

PTSD and has been postulated to result from glucocorticoid neurotoxicity (Sapolsky,

2000; 2001).
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In addition to observations related to glucocorticoids, pathways involving CRH
have also been found to be modified as a result of early life stress models in rodents. The
impact of heightened CRH release in rats experiencing early life stress is quite profound
as it plays key roles in the regulation of both physiological and psychological stressors
through its involvement in both the HPA axis and central nucleus of the amygdala.
Elevated levels of CSF CRH have been observed in both depression and PTSD and are
thought to underlie many of the symptoms observed in both disorders.

There has been some criticism that rodent models of early life stress are not
reflective of early adverse stimuli experienced by humans. However, as stated by Cirulli
and colleagues (2003), “basic neurobiological research has firmly established that the
mother acts as a regulator of the infant’s states”. Indeed, studies have documented the
importance of mother-child interactions on growth and development across species

(Kuhn et al., 1990).

B. HPA Axis Changes in Individuals Exposed to Interpersonal Trauma
B.1. Baseline Cortisol Changes in IT

While there is a large body of evidence associated with HPA axis changes in
individuals with MDD or PTSD, literature examining HPA axis changes specific to
female survivors of IT is still in its infancy. Research to date has focused almost
exclusively on baseline levels of cortisol and changes in cortisol release following
psychosocial or pharmacological challenge. However, there are a number of sample
selection issues that complicate interpretation of these studies as a whole. Survivors of IT

often present with complex clinical pictures and tend to be a clinically heterogeneous
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group. While many survivors of IT have no psychiatric sequelae associated with their
past trauma, some may have subtheshold or full diagnoses of MDD and/or PTSD as well
as features of other psychiatric disorders such as anxiety, substance abuse, and DIDs.
Further, survivors of IT may have experienced single incidents of physical and/or sexual
trauma in either childhood or adulthood or may have experienced multiple incidents over
the course of their lifetime. Others may have experienced more chronic IT in the form of
prolonged childhood abuse or IPV.

These factors present significant challenges to examining HPA axis changes
associated with IT. A prominent issue in these studies appears to be the methodology
surrounding the selection of samples of IT survivors. Many researchers have chosen to
recruit subjects on the basis of IT experiences such as CPV, CSA, adult rape, or IPV.
Doing so led to homogeneous populations of IT survivors on the basis of experience,
abuse severity and period of life during which trauma occurred. However, most of these
studies did not control for psychiatric diagnoses within samples of IT survivors. Previous
research has demonstrated that psychiatric disorders (such as MDD and PTSD) can
influence changes in the HPA axis. Since many survivors of IT have partial or full
diagnoses of MDD and/or PTSD, ignoring psychiatric status may confound data
examining cortisol levels in this population.

While it would be ideal to create homogeneous groups of IT survivors on the
basis of psychiatric classification, many individuals in this population have complex
psychiatric histories and symptoms that do not easily fit into DSM-1IV diagnostic criteria.
HPA axis literature has historically examined individuals with full DSM-IV diagnoses.

What does one do then with individuals that only meet partial criteria for DSM-IV
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diagnoses and/or may have had met full diagnostic criteria in the past and may again in
the future? While they do not easily fit into DSM-IV diagnoses, the severity of
impairment in their daily lives with regard to social, occupational, and family functioning
can be pervasive and devastating. However, with regard to HPA axis research, it has been
shown that that the use of use of full diagnostic criteria, as opposed to scale cut-offs or
sub-threshold cases (Aardal-Eriksson et al 2001; Hawk et al 2000), lifetime versus
current diagnosis (Boscarino 1996; Yehuda et al 2002), and psychiatric comorbidity
(Rasmusson et al 2001) may impact cortisol levels.

Other individual variables such as age, sex, reproductive status, hormonal
treatment (Ferrari et al., 2001; Kirschbaum et al., 1999; Seeman et al., 2001), birth weight
(Reynolds et al., 2001), psychotropic treatment (Holsboer and Barden 1996; Kraus et al.,
1988; Meador-Woodruff and Greden, 1988), substance use or dependence (Costa et al.,
1996; Sarkola et al., 2001), and cigarette smoking (Pickworth and Fant, 1998) can also
affect measured cortisol levels. Since cortisol levels are affected by so many variables
and IT survivors are, by nature, a clinically heterogeneous group, comparing studies that
have looked at cortisol without regard for the many confounding variables provides little
clarity. Each study represents an interpretation of which independent variables the
researchers felt would impact cortisol levels, the dependent variable. The logistics of
recruitment of this highly vulnerable population often necessitate broad inclusion criteria
to ensure sufficient numbers of study participants, especially if the research design
requires an unmedicated sample. Thus, most studies represent a microcosm of the
population as a whole and while these data are still important, it is not feasible to

compare cortisol changes in fundamentally different samples of IT survivors. Studies that

81



carefully restrict confounding variables involving large multi-site recruitment or pooling
of subject data across research groups may serve as potential strategies to address the
diversity of outcomes of this study population.

As mentioned earlier, most studies examining the HPA axis in IT survivors have
looked exclusively at cortisol levels. Table 3 highlights studies examining baseline
cortisol levels in survivors of sexual assault (Resnick et al., 1995; Yehuda et al., 1998),
childhood sexual and physical abuse (De Bellis et al., 1999; Carrion et al., 2002; Altemus
et al., 2003), and IPV (Seedat et al., 2003; Pico-Alfonso et al., 2004; Inslicht et al., 2006).
Although most studies did not control for all potential confounds (e.g. Axis I diagnoses,
medication status, current adversity, the method of cortisol sampling, and the timing of

sample collection), there are some early trends that are worth highlighting.
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Rape survivors who had been previously assaulted had lower levels of plasma
cortisol immediately following the assault and were at higher risk of having PTSD 3
months later (Resnick et al., 1995; Yehuda, 1998). Future prospective studies that
examine the link between severe trauma in adult females may help elucidate the link
between the development of mood and anxiety disorders and HPA axis dysregulation at
the time of and in the period immediately following the trauma. The diagnostic criteria
for PTSD include a duration criterion of 1 month, which adds the difficulty of relating
emerging HPA axis changes to PTSD. MDD has a similar, albeit shorter duration
criterion of 2 weeks.

Studies looking at basal plasma cortisol levels in survivors of IPV have been
inconsistent. While one group found decreased levels of plasma cortisol in the morning in
survivors of I[PV compared to controls (Seedat et al., 2003), another group found no
differences in the morning, but found increased levels of plasma cortisol in the evening
(Pico-Alfonso et al., 2004). Another group found plasma cortisol levels to be elevated
over the course of the entire day in IPV survivors with PTSD compared those without
PTSD diagnoses (Inslicht et al., 2006). All three studies included participants with a
number of different mood and anxiety disorders and two included subjects who were
medicated with psychotropic drugs at the time of sampling (Pico-Alfonso et al., 2004;
Inslicht et al., 2006). Women who have experienced IPV and those who have experienced
childhood IT are not independent samples, making it difficult to relate adult changes to
specific experiences in the subgroup that has experienced both. However, single point
salivary cortisol measurements in adult survivors of childhood sexual and physical abuse

with PTSD showed no differences between controls and the clinical group (Altemus et
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al., 2003). In contrast, Lindley and colleagues (2004) observed elevated salivary cortisol
levels at baseline in a group of adult CIT survivors with only PTSD (all other Axis I
psychiatric disorders were excluded).

Two pediatric studies examined basal cortisol levels in child survivors of IT with
PTSD diagnoses in 24 hour urinary free cortisol collections (De Bellis et al., 1999) and
saliva samples taken at 4 different times points over the course of a day (Carrion et al.,
2002). Both studies found elevated cortisol levels in the clinical groups compared to
control groups of children. Carrion and colleagues also found that female children with
abuse histories and PTSD symptoms had higher cortisol levels than male children with
similar abuse histories and PTSD symptoms. As discussed previously, early life stressors
can have long lasting impact of HPA axis activity. Thus, these changes observed in
children may persist into adulthood and account for changes seen in adult survivors of

childhood IT, irrespective of other adult experiences.

B.2. Psychosocial Challenge Studies of the HPA Axis in IT Survivors

Unlike studies looking at baseline levels of cortisol in survivors of IT, findings
from studies examining psychosocial or pharmacological challenge of the HPA axis in
survivors of IT are more consistent. Table 4 summarizes studies that have employed
psychosocial challenges with a focus primarily on survivors of CPA and CSA.
Psychosocial challenge studies suggest that cortisol hypersecretion occurs in survivors of
CIT with PTSD or MDD during psychosocial stressors. Additionally, the study by Heim
and colleagues suggests ACTH hypersecretion may also occur in survivors of CIT with

MDD. Future rescarch needs to replicate these findings as well explore other elements of
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HPA axis signalling such as CRH, AVP, ACTH, and GRs to elucidate the potential
mechanisms of cortisol hypersecretion of CIT survivors with MDD or PTSD in response

to psychosocial stressors.
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B.3. Pharmacological Challenge Studies of the HPA Axis in IT Survivors

In addition to psychosocial challenge, neuroendocrine challenge paradigms have
been used to examine the HPA axis in survivors of IT. Most studies employing
pharmacological challenge were carried out in survivors of CIT. These studies are
summarized in Table 5. Because many of the pharmacological challenge studies were
carried out in fundamentally different samples of CIT survivors, it is difficult to compare
outcomes between studies. Future work must replicate these findings as well as explore
the relationship between different forms of IT such as adult trauma, IPV, and CIT and
HPA axis dysregulation occurring as a function of psychiatric morbidity in
pharmacological challenge studies. Additionally, like baseline and psychosocial
challenge studies of the HPA axis in IT survivors, researchers must be diligent about

recruiting homogenous IT samples.
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B.4. Conclusions

Overall, there is still much work to be done in this area. Much of the research
involving IT and the HPA axis has focused primarily on changes in cortisol levels in
survivors of CIT. Adult survivors of IT and IPV have been largely ignored in this
literature and thus it is not yet possible to draw conclusions about the differential impact
of childhood versus adulthood IT on the HPA axis.

Future research must systematically explore the relationships between IT
experience, psychiatric sequelae and changes in the HPA axis. Additionally, since most
of the previous research has focused primarily on cortisol, it is important to examine
specific points of dysregulation by analyzing regulatory hormones and neuropeptides that
influence the HPA axis signaling cascade. These include CRH, AVP, ACTH, and §3-
END, among others. Additional expansion of this research to examine the functional
integrity and localization of glucocorticoid, CRH, AVP and B-END receptors would also
enhance our understanding of HPA axis functioning in survivors of IT.

While research examining these neuropeptides has been carried out in subjects
with exclusively MDD or PTSD, we can only hypothesize what their status will be in
survivors of IT with comorbid psychiatric diagnoses resulting from trauma. The complex
psychiatric diagnoses that may result from I'T make survivors of traumatic interpersonal
experiences a very heterogeneous group in which to examine the HPA axis. However, the
complexity of their psychiatric profiles should not deter researchers from carrying out
research in this population. IT occurring in childhood and adulthood is widespread and
common in both industrialized and non-industrialized nations and may account for a

significant number of cases of psychiatric stress-related disorders émongst females. The
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functional impairment of these women in familial, relational, occupational, and social
roles is well documented. An understanding of the biological mechanisms underlying the
development of psychiatric syndromes resulting from IT will enable the medical
community to treat survivors of IT more appropriately and effectively reduce the

suffering and functional impairment endured by both IT survivors and their loved ones.
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PURPOSE, OBJECTIVES AND HYPOTHESES OF THE RESEARCH

DESCRIBED IN THIS THESIS

I. Purpose

The prevalence rates of both MDD and PTSD are approximately twice as high in
women, which has led to a number of hypothesis about the biological, psychosocial,
developmental, societal and cultural differences between the sexes that may contribute to
these discrepancies. Several authors have suggested that the means by which women
cope with stressful life events may partially explain sex differences in prevalence rates of
stress disorders such as MDD and PTSD (Breslau et al., 1991; 1998; Kendler et al., 1993;
2002; Kessler et al., 1995; Stein et al., 2000). Cutler and Nolen-Hoeksema (1991) have
suggested that up to 35% of the differences between men and women in the prevalence
rates of MDD can be explained by higher incidences of childhood sexual abuse in
women. It is well accepted that women experience more sexual trauma over their
lifetimes but not more trauma in general (Breslau et al., 1991; 1998; Kessler et al., 1995).

While PTSD requires a precipitating traumatic event, the etiology of MDD is far
more complex and controversial. Variables such as genetics, stressful life events,
predisposing developmental factors, personality traits, cognitive traits, comorbid medical
or psychiatric conditions, and psychosocial stressors, among others, have been cited as
potential contributing factors in the development of MDD (Kendler et al., 2002; Iosifescu
et al., 2004; Farabaugh et al., 2004; Levinson, 2006; Philibert, 2006). In women with
histories of IT, it is assumed that their traumatic experiences contribute to the
development of MDD, but it is understood that not all women who experience IT go on

to develop psychiatric sequelae.
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The pathophysiology underlying both MDD and PTSD is currently unknown, but
the HPA axis has been a dominant area of research in the pathophysiology of stress
disorders for decades. Since the hypothalamus plays a major role in maintaining
autonomic and endocrine homeostasis, regulatory mechanisms involving this area of the
CNS have been targeted as potential sources of dysregulation in disorders such as MDD
and PTSD. In particular, the roles of CRH, cortisol, ACTH, and GRs in the pathogenesis
of stress disorders have been active areas of research. Other regulatory mechanisms of the
HPA axis have received less attention but may indeed play a role in the pathogenesis of
psychiatric symptoms following stressful life events.

The purpose of this research was to compare differences in stress-related
symptoms and select HPA axis peptides between three groups of women: (1) depressed
women without a history of IT or other stressful life events, (2) depressed women with a
history of IT, and (3) healthy controls. Research has demonstrated that women with
histories of IT are likely to suffer from more severe psychiatric symptoms as well as have
a broader spectrum of psychiatric conditions (Bryer et al., 1987; Bifulco et al., 1991;
Pribor and Dinwiddie, 1992; Hall et al., 1993; Young et al., 1997; Campbell, 2002;
Kendall-Tackett, 2002). Additionally, we sought to examine HPA axis peptides that had
not been previously examined in this particular context. While AVP has been examined
in individuals with MDD, it has not been measured in depressed women with histories of
traumatic life events. CRH has been exclusively measured in populations with either
MDD or PTSD but not in female survivors of IT. Finally, very few studies examining the
HPA axis in the context of MDD take into account the potential impact that trauma may

have on altering the pathogenesis and pathophysiology underlying stress disorders
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resulting from trauma. It is accepted that up to 30% of individuals will not respond to any

antidepressant treatment. An increased risk of poor treatment response to antidepressant

therapy has been observed in survivors of IT (Browne & Finkelhor, 1986; Boudewyn &

Liem, 1995). Thus, since antidepressant therapy works exclusively through biological

mechanisms, it seems plausible that differences in the pathophysiology of MDD in

women with and without histories of IT may exist.

IL. Objectives

1.

To investigate potential differences in MDD symptom severity and quality as well
as differences in the stress-related symptom severity in depressed women without
a history of IT compared to women with histories of IT. This will be
accomplished using the Hamilton Depression Rating Scale (HAM-D) and the
Trauma Symptom Checklist, respectively. A secondary analysis will be carried
out by further subdividing the group of depressed women with IT into those with
a current PTSD diagnosis and those without.

To investigate possible differences in basal plasma stress hormone concentrations
between women with MDD without a history of IT, women with MDD and a
history of IT, and female healthy controls. Stress hormones to be measured in this
thesis include AVP and CRH. The impact of a PTSD diagnoses in the MDD+IT

group on AVP and CRH levels will also be examined.

. To investigate possible differences in AVP plasma concentrations resulting from

CRH pharmacological challenge in depressed women with and without histories
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of IT and healthy controls. Again, the impact of a PTSD diagnosis in the

MDD+IT group will also be examined.

II1. Hypotheses

1.

MDD symptom severity is expected to be similar in depressed women with
histories of IT compared to depressed women without such histories. However,
women in the MDD+IT group are expected to experience more anxiety-related
symptoms as a result of their IT experiences. Furthermore, within the MDD-+IT
group, women with current PTSD diagnoses are expected to have more anxiety-
related symptoms that those without current PTSD diagnoses.

Basal CRH plasma levels are expected to be similarly elevated in all depressed
groups compared to healthy controls. Differences in CRH plasma levels between

depressed women with and without IT are not expected.

. Basal AVP plasma levels are expected to be elevated in depressed groups

compared to healthy controls. Since the impact of IT on plasma AVP levels has
not been previously investigated, it is not known if IT will affect AVP in humans.
However, animal work suggests that AVP levels may be elevated as a result of
trauma experiences.

CRH pharmacological challenge is expected to lead to more significant increases
in plasma AVP concentrations in healthy controls compared to depressed groups.
Differences in plasma AVP levels between depressed women with and without IT

experiences are not expected.
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MATERIALS AND METHODS

I. METHODS 1: RECRUITMENT OF FEMALE SUBJECTS WITH AND
WITHOUT MAJOR DEPRESSION FOR PARTICIPATION IN THE DEX/CRH
DOUBLE CHALLENGE

A. Initial Contact with Participants

This study was approved by the Health Research Ethics Board Biomedical Panel
at the University of Alberta. Women, aged 18-65, were recruited using bulletin board
posters as well as local magazine and radio advertising. Volunteers were also recruited by
television and radio interviews of Dr. Hegadoren (Principal Investigator of the present
study) on news segments for local media outlets, as well as through an article in a local
newspaper discussing Dr. Hegadoren’s work in women’s mental health. In all cases,
participation of women struggling with symptoms of MDD and/or healthy volunteers was
requested and potential participants were instructed to contact the Research Coordinator
for the Women’s Health Research Unit (WHRU).

Following contact with the Research Coordinator, initial screening questions were
asked in a telephone interview with individual participants. Telephone interview
questions included preliminary information about current mental health status, past
trauma histories, current medication status, and other current medical conditions.
Exclusion criteria for this study are listed in Table 6. Subjects with comorbid psychiatric
disorders other than those listed in Table 6 were accepted, since it is well recognized that
IT is associated with a number of Axis I and Axis II disorders. At this time, if subjects
met appropriate criteria, they were requested to come to the WHRU for a formal
interview.
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TABLE 6: Exclusion Criteria for the Present Study
e History of Bipolar I Disorder
o History of Seasonal Affective Disorder
o History of a Psychotic Disorder
e Recent Drug or Alcohol Abuse (within last 2 months)
o History of a major medical illness
o Uncontrolled thyroid dysfunction
¢ Diabetes Mellitus — Type I or 11
¢ Currently taking antidepressant medication
e Current inhalant or systemic steroid use

B. Diagnostic and Psychological Assessment Tools
The Structured Clinical Interview for Diagnosis (SCID) according to DSM-IV
criteria was used to confirm current major depressive episode as well as current and/or
past history of other comorbid. Axis I disorders. Subjects intended to be healthy
volunteers were expected to have no history of MDD or other Axis I and Axis II
psychiatric disorders. Furthermore, they were expected to be free of other major medical
illnesses and specific medications listed in Table 6. If the woman met criteria for current
major depressive episode, further assessment tools were administered:
(1) Hamilton Rating Scale for Depression (HAM-D)
The HAM-D is the most commonly used scale for the assessment of depressive
symptoms (Williams, 2001). For this study, the 29-item scale was used; this version
includes 12 additional items that cover psychotic symptoms, obsessive/compulsive
symptoms, dissociation, atypical symptoms and symptoms associated with seasonal
affective disorder in addition to the original 17 items that cover items related to

depression and anxiety symptoms (Hamilton, 1960).
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(2) Trauma Symptom Checklist (40 items; TSC-40)
The TSC-40 is a 40-item self-report measure which evaluates symptomatology
resulting from trauma occurring in either childhood or adulthood (Zlotnick et al.,
1996). Subscale scores associated with anxiety, depression, dissociation, sexual abuse
trauma index (SATI), sexual problems, and sleep disturbance, as well as a total score,
are provided

(3) Sexual Victimization Interview
The sexual victimization interview assesses early sexual trauma by asking questions
about the following: (i) nature of the abuse, (ii) age at which the abuse started, (iii)
duration of the abuse, (iv) relationship of the victim to the perpetrator, and (v) use of
force during the abuse (Russell, 1986). As discussed in the literature review, these
elements of sexual trauma have been linked to the severity of sexual abuse and the
development of subsequent psychiatric symptomatology.

(4) Physical Abuse Schedule
This subscale of the Child Maltreatment Interview Schedule asks questions about the
relationship of the victim to the perpetrator, frequency and duration of physical abuse,
age at which abuse occurred, and injuries suffered as a result of abuse (Briere, 1992).

(5) Structured Interview for Disorders of Extreme Stress — Not Otherwise Specified
(NOS; SIDES)
The SIDES is a 27 question interview designed to capture symptoms resulting from
extreme stress that are not captured in the DSM-IV criteria for PTSD (Pelcovitz et al.,
1997). These items are related to alterations in regulation of affect and impulses,

alterations in attention or consciousness, alterations in self-perception, and
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somatization (Zlotnick and Pearlstein, 1997). This scale was developed specifically
for field trials related to the DSM-IV and used to discriminate classic PTSD from
complex PTSD (as suggested by Herman, 1992). Insufficient evidence was found to
add DESNOS to the DSM-IV classification as a distinct mental disorder.

General demographic data and information about current menstrual phase,
status, history, and use of oral contraceptives or hormone replacement therapy were
obtained. Women in pre-, peri-, and post-menopause were included in the study.
Therefore, women on both oral contraceptives and hormone replacement therapy were
included in the study. All DEX/CRH double challenges were performed during follicular
phase which corresponds to days 6-10 of the menstrual cycle. Finally, before
participation in the DEX/CRH double challenge, participants underwent a complete
blood count and levels of thyroid stimulating hormone (TSH) were assessed. Since
uncontrolled thyroid disease can lead to the development of psychiatric symptoms, TSH

was measured to ensure all participants had levels within the normal range.
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II. METHODS 2: THE DEX-CRH DOUBLE CHALLENGE
A. General Timeline of the DEX-CRH Double Challenge

The general timeline of the DEX-CRH double challenge is illustrated in Figure 1.

FIGURE I: Timeline of the DEX/CRH Double Challenge

Day 1 Day 2
morning 2300h morning 1300h 1400h 1500h 1800h
l | l ] J
l l l l v Post-CRH levels
saliva sample DEX saliva sample IV oCRH of AVP, ACTH
(pre-DEX (0.25mg) (post-DEX ! (100ug) & cortisol taken
cortisol) taken orally  cortisol) every 15min
Baseline levels of (plasma)
CRH, AVP, ACTH,

and cortisol taken every
15min until 1500h

(plasma)
B. DEX-CRH Double Challenge
Table 7: Chemicals Used in Method 2
Chemicals Supplier
Human CRH Merck Biosciences AG (Clinalfa,
Switzerland)
0.9% Sodium Chloride Merck Biosciences AG
Aprotinin Sigma Chemical Co. (St. Louis, MO, US)

The DEX-CRH double challenge for this study was performed using a
modification of the procedure originally described by Bardeleben and Holsboer (1991).
On the day of the interview, women were given a kit containing a 0.25mg DEX pill and

~ two Salivettes (devices used for the collection of saliva samples; Sarstedt, Inc., Newton,
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NC) to be used in the participant’s home once the Research Coordinator confirmed a date
for their DEX-CRH double challenge. On day 1 of the double challenge, women were
instructed to provide a saliva sample approximately 30 minutes after morning waking for
the measurement of basal cortisol levels. We requested that they not eat, drink, or brush
their teeth before providing the saliva sample. At 2300 on day 1, women were instructed
to ingest the 0.25mg DEX pill. The following morning (day 2 of the challenge), women
were asked to provide another saliva sample approximately 30 minutes after waking to
assess post-DEX saliva cortisol levels.

On day 2 of the double challenge, women were instructed to come to the WHRU
where the CRH infusion test was conducted in a quiet room with the subject resting
supine in a recliner chair. Non-stressful movies and music were provided for the subject’s
entertainment during the 4 hour procedure. A nurse was present during the entire
procedure and inserted an intravenous forearm catheter at 1330h to give the subjects 30
minutes to get comfortable. Heart rate and blood pressure were monitored over the course
of the entire CRH infusion test using a DINAMAP (Critikon, Norderstedt, Germany). At
1400h, initial blood samples were withdrawn for the measurement of DEX, estradiol, and
progesterone. Samples for DEX were taken to confirm that subjects actually ingested the
DEX pill, while estradiol and progesterone samples were taken to aid in the confirmation
of follicular phase. From 1400h to 1500h, blood sampling was carried out every 15
minutes for cortisol, CRH, AVP, ACTH, and $-END levels. Cortisol, ACTH, and B-END
levels were measured and analyzed by other individuals within the WHRU and are not
actually part of this thesis. Between sampling the intravenous line was kept patent with

normal saline. At 1500h, 100ug of human CRH was reconstituted in 1ml of 0.9% sodium
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chloride and delivered to the subject in a bolus over 30 seconds. Blood sampling resumed
at 1515 and blood tubes were collected for cortisol, AVP, ACTH, and B-END levels
every 15 minutes until 1800h.

All blood samples were collected in pre-chilled 4ml blood tubes with
ethylenediaminetetraacetic acid (EDTA) added (Becton and Dickinson and Company,
Oakville, ON), except blood samples intended for the measurement of cortisol which
were collected in pre-chilled 5ml blood tubes without any additives (Becton and
Dickinson and Company, Oakville, ON). Aprotonin, a protease inhibitor, was added to
blood tubes collected for the measurement of CRH and B-END. Following collection,
blood samples were immediately centrifuged at 3000 rpm at 4°C and the plasma was
frozen and stored at -80°C until assay measurement. Saliva samples collected at home by
participants were centrifuged at 3000 rpm at 4°C and the saliva was frozen and stored at -

80°C until assay measurement.

1. METHODS 3: MEASUREMENT OF AVP
A. Sample Preparation and Extraction of AVP from Plasma

Table 8: Chemicals Used in Method 3

Chemicals Supplier

Acetonitrile Fisher Scientific (Fair Lawn, NJ, USA)
AVP ELISA kit R&D Systems (Minneapolis, MN, USA)
Trifluoroacetic Acid (TFA) Fisher

Separation (SEP) columns containing 200 mg of C18 (Strata C18-E columns;
Phoenix Peptides, Burlingame, CA, USA) were placed on a vacuum manifold (Waters,

Milford, Massachusetts, USA) and equilibrated by washing initially with 1ml of
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acetonitrile followed by 3 portions of a 3ml 1% TFA solution. Pressure was applied to the
columns during the equilibration process.

Plasma samples were acidified with a 1% TFA solution. Equal portions of plasma
and TFA solution were added, mixed and the sample was centrifuged at 14000 rpm for 20
minutes at 4°C. Acidified plasma supernatants were then loaded onto the equilibrated C-
18 SEP columns. No pressure was applied to the columns for this and subsequent steps.
Columns were then washed with 3 portions of a 3ml 1% TFA solution and the eluant was
discarded. AVP samples were then eluted with 3ml of a 60:40 mixture of acetonitrile and
1% TFA solution into glass tubes. Samples were then evaporated to dryness using a

centrifugal concentrator (Savant, New York, USA).

B. AVP ELISA

AVP levels were determined using an ELISA kit (R&D Systems) based on a
competitive binding technique, according to the procedure described in the assay
protocol. The protocol is summarized in Figure 2. Microplates were read at 405 nm and
with a Power Wave X plate reader (Bio-tek Instruments Inc.) using KC4 software
(version 2.7). This ELISA kit has a sensitivity of less than 3.39pg/ml. The intra-assay
coefficient of variation is approximately 10.2% while the inter-assay coefficient of

variation is 8.5%.
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Figure 2: Summary of AVP ELISA Assay Protocol

Reconstitute dried plasma extracts in assay buffer

Prepare AVP standards

'

Add standards and samples to individual wells on microplate
(Microplate coated with goat anti-rabbit antibody)

|

Add AVP conjugate to each well
(AVP conjugated to alkaline phosphatase)

Add AVP antibody solution to each well
(rabbit polyclonal antibody)

|

Incubate for 24 hours at 4°C

Wash microplate with wash buffer

|

Add p-nitrophenyl phosphate to each well

'

Add Stop solution to each well

v

Read the plate at 405nm
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IV. METHODS 4: MEASUREMENT OF CRH

A. Sample Preparation and Extraction of CRH from Plasma

Table 9: Chemicals Used in Method 4

Chemicals Supplier

Acetonitrile Fisher Scientific (Fair Lawn, NJ, USA)
CRH "I RIA Kit Phoenix Peptides (Burlingame, CA, USA)
TFA Fisher

SEP columns containing 200 mg of C18 (Phenomenex C18-E columns; Phoenix
Peptides, Burlingame, CA, USA) were placed on a vacuum manifold (Waters, Milford,
Massachusetts, USA) and equilibrated by washing initially with 1ml of acetonitrile
followed by 3 portions of a 3ml 1%TFA solution. Pressure was applied to the columns
during the equilibration process.

Plasma samples were acidified with a 1% TFA solution by mixing equal portions
of plasma and TFA solution and the sample were centrifuged at 14000 rpm for 20
minutes at 4°C. Acidified plasma solutions were then loaded onto the equilibrated C-18
SEP columns. No pressure was applied to the columns for this and subsequent steps.
Columns were then washed with 3 portions of a 3ml 1% TFA solution and the eluant was
discarded. CRH samples were then eluted with 3ml of a 60:40 mixture of acetonitrile and
1% TFA solution into polystyrene tubes. Samples were then evaporated to dryness using

a centrifugal concentrator (Savant, New York, USA).
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B. CRH RIA
CRH levels were determined using a 125] RIA kit (Phoenix Peptides, Burlingame,
CA, USA) based on a competitive binding technique, according to the procedure

described in the assay protocol. This protocol is summarized in Figure 3.

Figure 3: Summary of CRH "I RIA Protocol

Reconstitute dried plasma extracts with RIA Buffer

|

Prepare CRH standards

!

Add "1 tracer solution to each tube

|

Incubate for 16-24 hours at 4°C

!

Add goat anti-rabbit IgG serum and normal rabbit serum to each tube

’

Incubate for 90 minutes at room temperature

|

Add RIA buffer to each tube

'

Centrifuge all tubes at 3000rpm for 20 minutes at 4°C

!

Aspirate off all the supernatant

’

Use a gamma-counter to measure the CPM of the pellet
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V. METHODS 6: MEASUREMENT OF DEXAMETHASONE

To confirm subjects ingested their DEX pills, combined liquid
chromatography/mass spectrometry (LC/MS) was used to identify the presence of DEX
in plasma samples. DEX levels were not quantified.

SEP columns containing 200 mg of C18 (Strata C18-E columns; Phoenix
Peptides, Burlingame, CA, USA) were used to extract DEX from plasma samples.
Columns were placed on a vacuum manifold (Waters, Milford, Massachusetts, USA) and
equilibrated by washing initially with 1ml of methanol followed by 1ml of deionized
water. No pressure was applied to the columns during the equilibration process.

Plasma samples (1ml) were prepared by adding 400ul of methanol. Samples were
then vortexed and allowed to sit on ice for 10 minutes. They were then centrifuged for 4
minutes at 10000rpm and the supernatant was loaded onto equilibrated SEP columns.
Columns were then washed with Iml of 5% methanol and DEX was eluted into glass
tubes with methanol. Samples were then evaporated to dryness using a centrifugal
concentrator (Savant, New York, USA). Samples were stored at -20°C until further use.

On the day of LC/MS analysis, lyophilized samples were reconstituted in 70ul of
solution A (1% formic acid in 2mM of ammonium acetate) and 30ul of solution B (1%
formic acid in acetonitrile). Samples were then vortexed and centrifuged at 10000rpm for
10 minutes. The supernatant was then transferred to HPLC vials and stored in the dark at
4°C.

The LC/MS was set up using the following specifications and parameters:

Column: Symmetry C18 (150x2.1mm; Waters)

Guard: Symmetry C18 (Waters)
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Temperature: 30°C

Flow: 0.2ml/min

Injection volume: 20ul where available; 10ul for all others

Mobile phase A: 1% formic acid in 2mM ammonium acetate

Mobile phase B: 1% formic acid in acetonitrile

Gradient: Samples were eluted using 70% phase A to 30% phase B

Samples were injected onto the column and ionized by positive electrospray

(Cone voltage = 30kV). DEX was identified by locating a peak with an ion mass of 393.2

daltons.

VI. METHODS 7: MEASUREMENT OF ESTRADIOL AND PROGESTERONE
Estradiol and progesterone were measured using ELISA kits (ALPCO
Diagnostics, Salem, NH, USA) based on a competitive binding technique according to
the procedure described in the respective assay protocols. Assay protocols for estradiol
and progesterone are summarized in Figures 4 and 5 respectively. Microplates were read
at 450 nm for both estradiol and progesterone with a Power Wave X plate reader (Bio-tek

Instruments Inc.) using KC4 software (version 2.7).
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Figure 4: Summary of Estradiol ELISA Assay Protocol

Add standards and samples to microplate
(Microplates coated with Anti-Estradiol Antibody)

|

Add Estradiol-Biotin and Avidin-Horse Radish Peroxidase (HRP) conjugate solution to
each well

'

Add standards and samples to individual wells on microplate

|

Incubate on a plate shaker at 200rpm for Thour at room temperature

'

Wash the plate with wash buffer

l

Add tetramethylbenzidine (TMB) and hydrogen peroxide solution to each well

’

Incubate on a plate shaker for 15-20 minutes at room temperature

v

Add Stop solution to each well

|

Read the plate at 450nm
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Figure 5: Summary of Progesterone ELISA Assay Protocol

Add standards and samples to microplate
(Microplates coated with Anti-Progesterone Antibody)

'

Add Progesterone-HRP conjugate solution to each well

;

Add standards and samples to individual wells on microplate

|

Incubate on a plate shaker at 200rpm for 1hour at room temperature

|

Wash the plate with wash buffer

!

Add TMB and hydrogen peroxide solution to each well

|

Incubate on a plate shaker for 15-20 minutes at room temperature

'

Add Stop solution to each well

'

Read the plate at 450nm

VII. STATISTICAL METHODS
Data for AVP and CRH were expressed as mean + standard deviation (SD) and
tested for normality of distribution to determine whether further analysis would be carried

out using parametric or non-parametric (Kruskal-Wallis) statistics. HAM-D and TSC-40
scores and subscales were expressed as mean + SD and then compared for group

differences using the Kruskal-Wallis test, followed by the Mann-Whitney test.

114



The Kolmogorov-Smirnov test showed that AVP levels were normally distributed
at each time point over the course of the DEX-CRH challenge. Repeated measures
analysis of variance (RM-ANOVA) was used to assess the effect of time on plasma levels
of AVP. Basal values for AVP were calculated by averaging AVP values at -30 and -
15min for each individual and one-way ANOV A with least significant difference (LSD)
post-hoc analysis was used to assess group differences. Peak AVP and AAVP (peak
AVP-basal AVP) levels resulting from CRH challenge were also calculated and one-way
ANOVA with LSD post-hoc analysis was used to test differences between groups. Areas
under the curve (AUC) for AVP concentration versus time were calculated using the
trapezoidal rule and one-way ANOVA with LSD post-hoc analysis was used to assess
group differences. The level of significance for all analyses was set at p<0.05.

Basal CRH levels were not normally distributed at each time point before the
CRH injection as determined by the Kolmogorov-Smirnov test, and therefore non-
parametric statistics were used to analyze these data sets. The Kruskal-Wallis test was

used to identify group differences followed by Mann-Whitney post-hoc analysis.
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ANALYSIS

I. DEMOGRAPHIC DATA AND SAMPLE CHARACTERISTICS

Table 10: Summary of Sample Characteristics

Healthy Controls MDD without history MDD with history of
(n=17) of IT (n=19) IT (n=23)

Age 40411 43+13 44£10
Hormone Status
Follicular 12 11 14
Hysterectomy 0 1 1
Perimenopausal 0 1 6
Postmenopausal 5 5 4
Use of Oral Hormones
None 11 13 16
Oral Contraceptives 4 2 3
HRT Progestin-like 1 1 3
HRT Estrogen-like 1 1 2
HRT Both 0 1 1
Comorbid Anxiety
Disorders
Generalized Anxiety 0 7 8
Disorder
Obsessive Compulsive 0 0 3
Disorder
Panic Disorder 0 6 7
Social Phobia 0 2 3
Trauma Symptoms
PTSD 0 0 13
DESNOS-current 0 0 0
DESNOS-subthreshold 0 0 15
DESNOS-past 0 0 13

A. Introduction

Sample characteristics for each group are summarized in Table 10. Subjects were

age- and hormone status-matched between groups and no significant differences in age

were noted between the groups.

Over the course of the DEX-CRH double challenge, a number of technical issues

were encountered that prevented some subjects from continuing in the study. These




included but were not limited to: inability to set up a date to do the DEX-CRH challenge
that was mutually acceptable for both subjects and lab staff, improperly followed
instructions around ingestion of the DEX pill, blood withdrawal issues, and significant
discomfort or pain experienced during the blood withdrawal process. Subjects that did
not participate in the DEX-CRH challenge for any issue were withdrawn from the study

and their interview and ratings scale data were not included in the final analysis.

B. Healthy Controls

Overall, 20 healthy controls fit the inclusion criteria for the current study.
Subjects that were found to have a positive psychiatric history during the initial interview
process using the SCID were excluded from the study and were not included in any of the
analyses.

For the final analysis, post-menopausal subjects were over-represented in the
healthy control group and thus, 3 subjects were randomly removed and not included in
the final analysis. HAM-D testing was not carried out for the healthy control group and
the SCID was used as the sole determinant for the presence or absence of depressive
symptoms in this group. The TSC-40 was administered to all groups in the study,
including healthy controls. While healthy controls did report experiencing some
symptoms listed within the TSC-40 (summarized in Table 12), these symptoms were not

clinically significant for any single individual.
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C. MDD VWithout History of IT

Of the 20 subjects with MDD without a history of IT who participated in the
DEX-CRH challenge, only 19 were included in the final analysis. One subject was
removed from analysis because it was found that she had a history of bipolar disorder
which is one of the exclusion criteria for the current study. The other subject was
removed from this group because it was discovered, after measuring her estradiol and
progesterone levels, that she had already entered the ovulatory phase and was no longer

in follicular phase of her menstrual cycle.

D. MDD VWith History of IT

Initially, 27 subjects with MDD and a history of IT participated in the DEX-CRH
challenge. Of this group, only 25 were used in the final analysis. One subject was
withdrawn because it was discovered that she had already entered the ovulatory phase of
her menstrual cycle upon measurement of estradiol and progesterone. Another subject
was withdrawn due to an unexpected conflict between project staff during the course of
her DEX-CRH challenge. This conflict served as an unexpected psychosocial stressor for
the subject and therefore, may have acted as a confounding variable for her set of data.

The psychiatric diversity within the group of subjects with MDD and IT histories
presented a number of interesting challenges for the data analysis. Initially, analyses were
to be carried out by grouping all survivors of IT into a single group of trauma survivors.
As outlined in the literature review, this approach has been employed by several studies
examining survivors of I'T where individuals are classified on the basis of experience

rather than diagnosis. However, studies examining the HPA axis in survivors of motor
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vehicle crashes, natural disasters, and other types of trauma have found that a PTSD
diagnosis has a significant impact on the functioning of the HPA axis (see literature
review). While all subjects in this group had experienced some form of IT over the course
of their lifetimes, not all subjects met full criteria for current PTSD as defined by the
DSM-IV. Many subjects that did not meet criteria for current PTSD met criteria for past
or subthreshold DESNOS. Overall, all subjects met criteria for past, current, or
subthreshold PTSD or DESNOS. While several studies have explored the relationship
between PTSD and the HPA axis in survivors of IT (see literature review), no studies
have examined the impact of a DESNOS diagnosis on the HPA axis. Since none of our
subjects in this group had met current criteria for DESNOS, but rather had experienced
either full or subthreshold criteria for DESNOS in the past, it was not possible to create
separate PTSD and DESNOS groupings

In response to these issues, two separate sets of analyses were run. The first set of
analyses did not subdivide the IT group and were run using the following groups: (1)
Healthy controls, (2) MDD-history of IT, and (3) MDD+history of IT. The second set
split the IT trauma group on the basis of whether subjects had current PTSD diagnoses:
(1) Healthy controls, (2) MDD-history of IT (2) MDD+history of IT-PTSD and (4)
MDD-history of IT+PTSD. Healthy control and MDD-history of IT groups remained the

same in both sets of analyses
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E. Symptom Severity Scales
E.1 Grouped on the Basis of Presence/Absence of IT History

Since healthy controls were not administered the HAM-D, they will not be
discussed further in the HAM-D discussion. HAM-D ratings scores are summarized in
Table 11. There were no significant differences between the MDD with and without
history of IT groups on the 17-item HAM-D. However, for the both the 21- and 29-item
HAM-D, scores were significantly higher in depressed individuals with histories of IT
compared to those without IT histories. This suggests that while there appears to be no
significant difference in the severity of depression and anxiety symptoms assessed by the
17-item scale, there does appear to be significantly more atypical depressive symptoms in

the IT history group, covered by the 29-item HAM-D.

Table 11: HAM-D Rating Scale — MDD With or Without History of IT

Healthy Controls MDD without MDD with history
(n=17) history of IT of IT
Mean+SEM ‘ (n=19) (n=23)
Mean+SEM Mean+SEM
HAM-D 16.35+1.35 19.78+1.35
(Total Items: 1 to 17)
HAM-D - 17.65+1.41 22.65+1.48*
(Total Items: 1 to 21)
HAM-D - 23.29+1.89 31.2241.97**
(Total Items: 1 to 29)

(*) = p<0.05, compared to MDD without history of IT; (**) = p<0.01, compared to MDD

without history of IT

The differences in psychiatric sequelae between depressed individuals with and

without histories of IT were further confirmed by results from the TSC-40 rating scale

(summarized in Table 12). As expected, both MDD groups had significantly greater

scores on dissociation, anxiety, depression, SATI, sleep disturbance, and sexual problem
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subscales as well has higher total scores compared to healthy controls (p<0.001). When

compafing the two depressed groups, those with IT histories had significantly greater

dissociation (p<0.05), SATI (p<0.01), sleep disturbance (p<0.01), and total (p<0.01)

scores compared to those without trauma histories. There were no significant differences

in anxiety, depression, and sexual problem subscales between the two groups.

Finally it is important to note that there were differences in the number of

participants who participated in HAM-D rating scales and TSC-40 scales. For three

participants (1 healthy control, and 2 MDD subjects with IT histories), completed TSC-

40 scales were not available in their files and it is therefore unknown whether each

subject was actually given a copy of the TSC-40 to complete for the study.

Table 12: Trauma Symptom Checklist 40 — MDD With or Without History of IT

Total Items 1-40

Healthy Controls MDD without MDD with history
(n=17) history of IT of IT
Mean+SEM (n=19) (n=23)

Mean+SEM Mean+SEM
Dissociation 1.17+0.35 5.18+0.70%* 7.61+0.87* "
Total Items: 7, 14, 16, 25, 31,
38
Anxiety 2.00+0.35 6.24+0.84* 8.26+0.93*
Total Items: 1, 4, 10, 16, 21,
27,32, 39
Depression 2.94+0.67 13.88+0.79* 16.17+£1.12%
Total Items: 2, 3, 9, 15, 19, 20,
26, 33, 37
SATI 0.94+0.27 5.65+0.75% 8.5240.73* 7
Total Items: 5, 7, 13, 21, 25,
29, 31
Sleep Disturbance 2.88+0.41 9.88+0.87*% 12.78+0.67* "
Total Items: 2, 8, 13, 19, 22,
28
Sexual Problems 1.33+0.42 6.94+0.79* 8.04+1.07*
Total Items: 5,9, 11, 17, 23,
29, 35,40
TSC Total Score 10.06+1.35 44.4112.30* 56.17£3.29% 7

(*) =p<0.001, compared to healthy controls; (+) = p<0.01, compared to MDD without

history of IT; (#) = p<0.05, compared to MDD without history of IT
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E.2 Grouped on the Basis of Presence/Absence of PTSD in IT Group

The MDD+IT group was divided into those with and without current PTSD and a
secondary analysis was performed for HAM-D scores. Data for this analysis are
summarized in Table 13. Overall, there were no significant differences between subjects
with MDD and histories of IT compared to those without MDD with no previous history
of trauma on any of the HAM-D scales. When both groups were compared to subjects
who had experienced IT with comorbid MDD and PTSD, significant differences were
observed. Compared to the MDD without history of I'T group, the MDD+IT+PTSD group
had significantly higher scores on the 17-item (p<0.05), 21-item (p<0.01), and 29-item
(p<0.01) HAM-D scales. When compared to the group of depressed subjects who did not
have current PTSD as a result of their IT experiences, the MDD-+IT+PTSD group had
significantly higher scores on the 17-item (p<0.05), and 21-item (p<0.05) HAM-D scales
but not the 29-item HAM-D. These results suggest that depressed women with current
PTSD as a result of IT experiences have more frequent or more severe depressive
symptoms than both depressed women without histories of IT and women with histories

of IT who do not have current PTSD diagnoses.

Table 13: HAM-D Rating Scale — IT Group Divided into MDD Subjects With and
Without PTSD

Healthy MDD without MDD+IT- MDD+IT
Controls history of IT PTSD +PTSD
(n=17) (n=19) (n=9) (n=14)
Mean+SD Mean+SD Mean+SD Mean+SD
HAM-D - 16.35+1.35 17.20+4.10 22.08+4.75%
(Total Items: 1 to 17)
HAM-D - 17.65+1.41 20.20+4.69 25.46+4.88""
(Total Items: 1 to 21)
HAM-D - 23.29+1.89 29.78+9.21 33.38+3.827
(Total Items: 1 to 29)

(*) = p<0.05, compared to MDD without history of IT; (+) = p<0.01, compared to MDD
without history of IT; (#) = p<0.05, compared to MDD-+IT-PTSD
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A secondary analysis was also performed for TSC-40 scores when the MDD+IT
group was divided into those with and without current PTSD. Data for this analysis are
summarized in Table 14. For the TSC-40, all three depressed groups had significantly
higher total scores (p<0.001) as well as higher scores on dissociation, anxiety, depression,
SATI, sleep disturbance, and sexual problem subscales (p<0.001 for all) compared to
healthy controls. When comparing the three depressed groups, depressed subjects with
histories of IT without current PTSD had higher scores on SATI (p<0.05) and sleep
disturbance (p<0.05) subscales as well as higher total scores compared to women with
MDD without a history of trauma (p<0.05). Traumatized women with both MDD and
PTSD had significantly higher scores on dissociation (p<0.05), depression (p<0.05),
SATI (p<0.01), and sleep disturbance (p<0.05) subscales, as well as higher total TSC-40
scores compared to depressed women without a history of IT. There were no significant
differences between depressed women with histories of IT with and without current

PTSD diagnoses.

123



Table 14: Trauma Symptom Checklist 40 — IT Group Divided into MDD Subjects With

and Without PTSD

Total Items 1-40

Healthy MDD without MDD +IT MDD+HIT+PTSD
Controls history of IT -PTSD (n=14)
(n=17) (n=19) (n=9) Mean+SD

Mean+SD Mean+SD Mean+SD

Dissociation 1.17+£0.35 5.18+£0.70% 7.89+4.17* 8.67+4.12%"

Total Items: 7, 14, 16, 25,

31, 38

Anxiety 2.00+0.35 6.24+0.84* 8.11+5.11% 8.42+3.70*

Total Items: 1, 4, 10, 16, 21,

27, 32,39

Depression 2.9440.67 13.88+0.79* 16.67+4.15* 17.00+4.47%"

Total [tems: 2, 3, 9, 15, 19,

20, 26, 33, 37

SATI 0.94+0.27 5.65+0.75% 8.11+2.85%" 9.58+3.20*

Total Items: 5, 7, 13, 21, 25,

29, 31

Sleep Disturbance 2.88+0.41 9.88+0.87* 13.22+1.79%" 13.1743.01%"

Total Items: 2, 8, 13, 19, 22,

28

Sexual Problems 1.33+0.42 6.94+0.79* 8.78+4.82% 8.83+4.80*

Total Items: 5,9, 11,17, 23,

29, 35, 40

TSC Total Score 10.06+1.35 44,412 30* 57.78+14.25%" 59.33+10.42%"

(*) = p<0.001, compared to healthy controls; (+) = p<0.05, compared to MDD without
history of IT; (#) = p<0.01, compared to MDD without history of IT
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II. AVP
A. AVP Analysis with all IT Survivors Grouped Together Regardless of PTSD
Diagnosis

No significant differences in basal AVP levels were noted between any group

[£(2,59)=1.204, p<0.31]. These data are summarized in Figure 6 and Table 15.

Figure 6: Basal AVP
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Figure 6: Basal AVP levels calculated by taking the mean of values obtained at -30 and -
15 minutes. Results are expressed as mean + SD. No significant differences were
observed between groups.

While assessing for the effect of time on AVP levels, Mauchley’s test of
sphericity showed that sphericity could not be assumed and the Greenhouse-Geisser
correction was used to calculate degrees of freedom in the F tests. The Greenhouse-

Geisser corrected RM-ANOVA did not reveal a significant effect of time on plasma AVP
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concentrations [F(3.75,52)=1.932, p<0.12]. Time course data for each group is shown in
Figure 7. Note that in Figure 7, the AVP concentration at time=0 is the basal
concentration while that observed at time point 1 is 15 minutes after CRH infusion.

Blood samples to measure AVP levels were taken every 15 minutes after CRH infusion.

Figure 7: AVP Time Course
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Figure 7: Time course data for AVP over the course of the DEX-CRH challenge. Time 0
represents basal plasma AVP levels while every point thereafier represents 15 minute
intervals following IV CRH (100ug) infusion. No significant differences were observed

between groups.

While there was no significant impact of time between groups, ANOVA revealed
significant differences in AUC [F(2,52)=4.49, p<0.05). LSD post-hoc analysis showed
that the MDD without history of IT group had a significantly smaller AUC compared to
healthy controls (p<0.005). Further, the MDD-+IT group showed a trend to decreased
AUC compared to healthy controls (p<0.075). There were no significant differences

between the two depressed groups. AUC data is summarized in Table 15 and Figure 8.
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Figure 8: AVP AUC
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Figure 8: AVP AUC over the course of the DEX-CRH challenge. Results are expressed
as mean = SD. AVP AUC for the MDD-IT group was significantly decreased compared
to the healthy control group (* = p<0.05 compared to healthy controls).

Finally, there were no significant group differences in peak ([F(2,52)=2.074,
p<0.14]; summarized in Figure 9 and Table 15) or AAVP values ([F(2,52)=0.798,
p<0.46]; summarized in Figure 10 and Table 15). However, there was a trend towards

decreased peak AVP levels in the MDD-trauma group compared to healthy controls

(p<0.06).
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Figure 9: Peak AVP
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Figure 9: Peak plasma AVP levels following CRH challenge. Results are expressed as
mean + SD. No significant differences were observed between groups.
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Figure 10: Delta AVP
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Figure 10: Change in plasma AVP levels following CRH infusion. Results are expressed
as mean = SD. No significant differences were observed between groups.

Table 15: Summary of AVP Data with IT Survivors Grouped Together Regardless of
PTSD Diagnosis

Basal AVP Peak AVP AAVP AUC
(pg/ml) (pg/ml) (pg/ml) (pg/ml/min)
Mean=SD Mean+SD MeanzSD MeanxSD
Healthy 2.81:+0.67 3.72+0.83 0.92+0.56 30.95+4.90
(n=17)
MDD-Trauma 2.34+0.72 3.04+0.92 0.7320.60 22.86+8.10*
(n=19)
MDD+Trauma 2.60+0.95 3.32+0.99 0.66+0.66 26.93+7.96
(n=23)

p<0.005 compared to healthy controls
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B. AVP Analysis with IT Group Split into MDD+PTSD and MDD-PTSD

No significant differences in basal AVP levels were noted between any group
[F(2,59)=1.228, p<0.31]. However, there was a trend towards decreased basal AVP
levels in the MDD without a history of IT compared to healthy controls. These data are

summarized in Figure 11 and Table 16.

Figure 11: Basal AVP
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Figure 11: Basal AVP levels calculated by taking the mean of values obtained at -30 and
-15 minutes with the MDD+IT group re-classified on the presence or absence of PTSD.
Results are expressed as mean = SD. No significant differences were observed between

groups.

While assessing for the effect of time on AVP levels, Mauchley’s test of
sphericity showed that sphericity could not be assumed and the Greenhouse-Geisser
correction was used to calculate degrees of freedom in the F tests. The Greenhouse-

Geisser corrected RM-ANOVA did not reveal a significant effect of time on plasma AVP
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concentrations [F(3.67,52)=2.204, p<0.08]. Time course data for each group are shown in
Figure 12. Note that in Figure 12, the AVP concentration at time=0 is the basal
concentration while that observed at time point 1, is 15 minutes after CRH infusion. AVP

levels were taken every 15 minutes after CRH infusion.

Figure 12: AVP Time Course
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Figure 12: Time course data for AVP over the course of the DEX-CRH challenge with
the MDD+IT group re-classified on the presence or absence of PTSD . Time 0 represents
basal plasma AVP levels while every point thereafter represents 15 minute intervals
Jfollowing 1V CRH (100ug) infusion. No significant differences were observed between
groups.

While there was no significant impact of time between groups, ANOVA revealed
significant differences in AUC [F{(3,52)=3.43, p<0.05). LSD post-hoc analysis showed
that the MDD without history of IT group had a significantly smaller AUC compared to
healthy controls (p<0.005). Further, the MDD+IT+PTSD group showed a trend to
decreased AUC compared to healthy controls (p<0.075). The MDD-IT group also

showed a trend to decreased AVP levels compared to the MDD-+IT group (p<0.09).
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There were no significant differences between the two trauma groups. AUC data are

summarized in Table 16 and Figure 13.

Figure 13: AVP AUC

Area

Figure 13: AVP AUC over the course of the DEX-CRH challenge with the MDD+IT
group re-classified on the presence of absence of PTSD. Results are expressed as mean +
SD. AVP AUC for the MDD-IT group was significantly decreased compared to the
healthy control group (* = p<0.05 compared to healthy controls).

Finally, there were no significant group differences in peak ([F(3,52)=1.669,
p<0.19]; summarized in Figure 14 and Table 16) or AAVP values ([F(3,52)=0.581,

p<0.63]; summarized in Figure 15 and Table 16). However, LSD post-hoc analysis

revealed decreased peak AVP levels in the MDD-trauma group compared to healthy

controls (p<0.05).
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Figure 14: Peak AVP
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Figure 14: Peak plasma AVP levels following CRH challenge with the MDD+IT group
re-classified on the basis of presence of absence of PTSD. Results are expressed as mean
+ SD. No significant differences were observed between groups.
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Figure 15: Delta AVP
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Figure 15: Change in plasma AVP levels following CRH infusion with the MDD+IT
group re-classified on the basis of presence or absence of PTSD. Results are expressed
as mean + SD. No significant differences were observed between groups.

Table 16: Summary of AVP Data with IT Group Split into MDD+PTSD and MDD-PTSD

Basal AVP Peak AVP AAVP AUC
(pg/ml) (pg/ml) (pg/ml) (pg/ml/min)
Mean+SD MeantSD Mean+SD Mean+SD
Healthy 2.81+0.67 3.72+0.83 0.92+0.56 30.95+4.90
MDD-Trauma 2.33+0.72 3.04+0.92* 0.70+£0.71 22.86+8.10%
MDD+IT-PTSD 2.82+0.56 3.53+0.55 0.63+0.65 28.70+4.78
MDD+IT+PTSD 2.56+1.14 3.19£1.19 0.63+0.65 25.75+9.54

p<0.005 compared to healthy controls
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II1. CRH
A. CRH Analysis with all IT Survivors Grouped Together Regardless of PTSD
Diagnosis

No significant differences in basal plasma CRH levels were identified between

groups. Data are summarized in Table 17 and Figure 16.

Figure 16: Basal CRH
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Figure 16: Basal CRH levels calculated by taking the mean of values obtained at -30 and
-15 minutes. Results are expressed as mean + SD. No significant differences were
observed between groups.

Table 17: Summary of CRH Data with all IT Survivors Grouped Together Regardless of
PTSD Diagnosis

Basal CRH
(pg/ml)
MeanxSD
Healthy (n=16) 1.95+1.16
MDD-Trauma (n=19) 2.812.83
MDD+IT (n=21) 1.82+0.61
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B. CRH Analysis with IT Group Split into MDD+PTSD and MDD-PTSD
No significant differences in basal plasma CRH levels were identified between

groups. Data are summarized in Table 18 and Figure 17.

Figure 17: Basal CRH
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Figure 17: Basal CRH levels calculated by taking the mean of values obtained at -30 and
-15 minutes with the MDD-+IT group re-classified on the basis of presence or absence of
PTSD. No significant differences were observed between groups.

Table 18: CRH Analysis with IT Group Split into MDD+PTSD and MDD-PTSD

Basal CRH
(pg/ml)
Mean+SD
Healthy (n=16) 1.95£1.16
MDD-Trauma (n=19) 2.81+2.83
MDD+IT-PTSD (n=8) 1.61+0.30
MDD+IT+PTSD (n=13) 1.95+0.72
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DISCUSSION

I. STUDY OVERVIEW AND CHALLENGES
A. Technical Challenges

This thesis is based entirely on data collected from human participants over a 4
year period from 2001 to 2005. Over the course of the current study, there were a number
of unexpected issues that were encountered and subsequently resolved. While 93 women
were recruited and interviewed for the study, only 65 actually underwent a DEX-CRH
double challenge. Of the participants that were recruited and did not undergo blood
collection, approximately 25% did not show up for their scheduled challenges while the
rest appeared for their scheduled appointment but due to technical issues, blood samples
could not be obtained.

The IV insertion and blood collection aspects of the study proved to be very
technically demanding and required a high level of expertise from our nursing staff. Early
in the study, many participants were lost because we were unable to obtain blood and
since we were measuring hormones associated with the HPA axis, a stress response
system in the body, we were reluctant to aggressively pursue blood samples. Further,
several subjects experienced pain or discomfort over the course of the challenge and in
some cases, blood withdrawal was stopped prematurely to ensure the comfort of the

patient and quality of the data.

B. Classification of the Depressed Group With Histories of IT
As was described in the literature review, there are a number of complex

psychiatric outcomes that can result from IT experiences. Overall, women with histories
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of IT tend to be a heterogeneous group, presenting a number of ways in which they can
be classified. Many women who have experienced IT, regardless of the dimensions of
trauma, have comorbid presentations of both MDD and PTSD, along with other comorbid
diagnoses. Since previous research has shown that differential changes in the HPA axis
may be observed in MDD and PTSD (Young, 2006; Pariante, 2006; Gillespie and
Nemeroff, 2006; Rasmusson et al., 2003; Shea et al., 2005; Seckl and Meaney, 2006; de
Kloet et al., 2006), this presents classification problems in the examination of HPA axis
changes in IT survivors. Potential confounding variables within this group when
examining the HPA axis include, but are not limited to, duration and severity of IT,
period of the lifespan in which trauma occurred, number of IT experiences across the
lifespan, types of different psychiatric diagnoses, comorbid physical or psychiatric
conditions, medications, and time elapsed since trauma occurred. While it is important to
capture the spectrum of distress experienced by IT survivors, the psychiatric and
experiential plurality demostrated by this population presents challenges in both
recruitment and investigation of biological variables. Broad inclusion criteria will
introduce too many confounding variables into a study of this particular population, while
criteria that are too restrictive may lead to recruitment issues.

Previous researchers examining the HPA axis in populations of IT survivors have
generally dealt with this issue by controlling for either type of IT experience (i.e.
childhood IT, adult sexual assault, IPV) or psychiatric diagnoses (MDD or PTSD). In
studies where psychiatric diagnoses were uncontrolled, subjects were usually recruited on

the basis of whether they had MDD or PTSD and the other diagnosis was simply a

138



comorbid condition in some participants (along with other Axis I or Axis II diagnoses).
These studies were summarized in the literature review in Tables 3-5.

Unfortunately, past research examining the HPA axis in IT survivors was not
helpful in elucidating a classification scheme of IT survivors for the current study.
Therefore, we opted to run two separate sets of analyses where the IT survivors were
analyzed as a whole group and then a secondary analysis was run, where the MDD+IT
group was subdivided on the basis of the presence or absence of current PTSD. While
this seems like a straightforward approach, all individuals without current PTSD had
either subthreshold symptoms of either PTSD or DESNOS suggesting symptomatic
similarities between the two groups. Additionally, due to the small sample size, we were
unable to examine the impact of dimensions of the type (physical, sexual or both;
adulthood, childhood, or both), severity and duration of IT on the HPA axis. Future
research must address these issues. While it may seem counterintuitive to conduct
biological research in psychiatrically and experientially homogeneous groups of IT
survivors when the population as a whole seems fundamentally diverse, it will only be
possible to understand more complex outcomes resulting from IT if we have an
understanding of how each potential construct may contribute to changes in the HPA axis

and other neural networks involved in mood, anxiety, memory, and stress response.

I1. RATING SCALES
A. Hamilton Depression Rating Scale
Since HAM-D interviews were not performed with healthy controls, comparisons

were only made between depressed groups. Using the 17-item HAM-D, there were no
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significant differences in scores between the MDD-IT and MDD+IT groups. This implies
that the severity of depression and number of typical depressive symptoms was
approximately equal between the two groups.

Differences between the two groups emerged using the 21- and 29-item HAM-D
scales. Using the 21-item scale, the MDD+IT group had significantly higher scores than
the MDD-IT group. Therefore, the MDD+IT group experienced more depersonalization,
paranoid, and obsessive-compulsive symptoms than the MDD-IT group. As with the 21-
item HAM-D, the MDD+IT group also had higher scores on the 29-item scale. This
suggests that the MDD+IT group experienced more atypical depressive symptoms such
as weight gain, increased appetite, carbohydrate craving, hypersomnia, and social
withdrawal.

Further divergence using the HAM-D scales occurred when the MDD-HIT group
was separated into individuals with and without current PTSD resulting from their IT
experiences. The MDD+IT+PTSD group had significantly higher scores on the 17-item
HAM-D compared to MDD-+IT-PTSD and MDD-IT groups. There were no differences
on the 17-item HAM-D between the MDD+IT-PTSD and MDD-IT groups. It is unknown
whether the MDD-+IT+PTSD group had higher scores due to more severe depressive
episodes or symptom overlap between MDD and PTSD contributing to more severe
distress for individuals with both conditions.

Using the 21-item HAM-D, the MDD+IT+PTSD group also had higher scores
compared to MDD+IT-PTSD and MDD-IT groups. Again, there were no differences
between the MDDHIT-PTSD and MDD-IT groups. As assessed by the 29-item HAM-D,

the MDD-+IT+PTSD group had more atypical depressive symptoms than the MDD-IT
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group but not the MDD-+IT-PTSD group. Further there were no differences in atypical
symptoms between the MDD+T-PTSD and MDD-IT groups. While the HAM-D only
seeks information about typical and atypical symptoms associated with MDD, these
findings support earlier data that suggest that individuals with comorbid MDD and PTSD
have more severe distress than individuals with either condition alone (Shalev et al.,

1998; Blanchard et al., 1998).

B. Trauma Symptom Checklist 40

Using the TSC-40, depressed women with IT histories had more dissociative
symptoms, sleep disturbance and sexual abuse-associated symptoms (SATI subscale) as
well as higher total scores compared to depressed women without IT histories. This was
expected as dissociation and sleep disturbance are part of symptom clusters observed
within PTSD diagnostic criteria. Furthermore, no individual within the MDD-IT group
had experienced sexual trauma, and therefore they were not expected to have symptoms
associated with such experiences. Finally, while it is expected that the MDD+IT group
would have more anxiety symptoms compared to the MDD-IT group, there were no
significant differences between the two groups. However, these data may be confounded
by the fact that individuals with comorbid anxiety disorders other than PTSD were
included in both the MDD-IT and MDD-HT groups (summarized in Table 12).

When compared to healthy controls, the MDD-IT group had a significantly
elevated SATI scores. Examination of this subscale reveals that specific items in the
SATI subscale are not specific to symptoms resulting from sexual trauma. This includes

items “sexual problems” and “memory problems” which can occur as a result of MDD
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itself as well as items such as “nightmares” and “feelings that things are unreal” which
are open to interpretation and not exclusive to sexual trauma.

Separation of the MDD+IT group into those with and without current PTSD
demonstrated that individuals with current PTSD had more dissociative symptoms
compared to the MDD-IT group. The MDD-+IT-PTSD group did not have significantly
different dissociative symptoms than either the MDD-IT or the MDD+IT+PTSD groups.
This indicates that while the MDD+IT-PTSD group has some dissociative symptoms,
they are not as severe as those experienced in the MDD+IT+PTSD group. The depressed
groups with IT experiences with and without current PTSD diagnoses had significantly
higher scores on sleep disturbance and SATI subscales as well as higher total scores

compared to the depressed group without IT histories.

C. Comparison of the HAM-D and Depression Subscale of the TSC-40

The depression subscale on the TSC-40 captures most of the symptoms assessed
using the 17-item HAM-D. Therefore, similar results should be expected using either
scale. In the current study, we found no significant differences between MDD-IT and
MDD+IT groups using the 17-item HAM-D and the depression subscale of the TSC-40.
When the MDD+IT group was split into individuals with and without current PTSD
diagnoses, the MDD+IT+PTSD group had higher scores than the MDD-IT group on both
the 17-item HAM-D and the depression subscale of the TSC-40. Further, there were no
significant differences between MDD-IT and MDD+IT-PTSD groups on either scale.

These findings indicate that the TSC-40 depression subscale is a good alternative to the
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17-item HAM-D where self-report measures are preferred as a means of assessing typical

depressive symptoms.

III. CRH
A. Basal CRH Measurements in Depressed Women With and Without Histories of
IT

No significant differences in plasma CRH levels were observed between
depressed women with and without histories of IT in the current study. There were also
no differences between the two depressed groups and healthy controls. Furthermore,
depressed individuals who had experienced IT but did not have a current PTSD diagnoses
did not have significantly different plasma CRH levels than those who had a current
PTSD diagnosis as a result of their IT experiences. Plasma CRH levels were not
measured following the IV infusion of CRH since an exogenous 100ug infusion of CRH
leads to markedly elevated of plasma CRH that mask any endogenous changes that may
be occurring.

While it has been generally accepted that CRH levels are elevated in MDD
(Nemeroff et al., 1984; Arato et al., 1986; 1989; Banki et al., 1992; Widerlov et al., 1988;
Risch et al., 1991; De Bellis et al., 1993; Catalan et al., 1998; Galard et al., 2002), other
studies have suggested that this may not be the case (Kling et al., 1991; Geracioti et al.,
1992; Molchan et al., 1993; Pitts et al., 1995; Geracioti et al., 1997). In particular,
Geracioti and colleagues (1992; 1997) have provided compelling evidence that single
point measurements of CRH may not accurately reflect changes within the HPA axis.

These studies also observed initial rises in CRH immediately following lumbar puncture,
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rapidly fluctuating levels of CRH, and a brief half-life. Additionally, Geracioti et al.
(1997) found that CSF CRH did not correlate with plasma ACTH and cortisol levels.
Therefore, they suggest that CSF CRH is primarily extrahypothalamic in origin.

Initial rises in CRH observed by Geracioti and colleagues (1992; 1997) likely
result from the pain and psychological distress caused by lumbar puncture with either a
syringe or indwelling catheter. Lumbar punctures procedures are acutely invasive, painful
and distressing to most participants and therefore, the common use of this procedure to
assess CRH levels cannot be ruled out as a pseudo-stress challenge in both MDD and
healthy volunteers. The finding that CRH levels decline over the course of serial
sampling using an indwelling catheter supports this suggestion (Geracioti et al., 1992;
1997). In studies that found increased plasma CRH levels in MDD, single point
measurements were also used (Catalan et al., 1998, Galard et al., 2002). For the current
study, catheters were inserted into the arms of participants approximately 45 minutes
before initial blood samples were withdrawn. Therefore, initial rises in CRH caused by
the discomfort of needle or catheter insertion likely would not be observed if they indeed
exist.

Elevated CRH levels in CSF have also been observed in PTSD (Bremner et al.,
1997, Baker et al., 1999). However, these two studies also used single point
measurements of CRH in CSF obtained by lumbar puncture. The current study did not
find elevations in plasma levels of CRH in subjects in either depressed women with
histories of IT or in depressed women with current PTSD diagnoses. No studies have

looked at plasma CRH levels in individuals with PTSD.
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The use of lumbar puncture and CSF sampling could not be justified for the
current study since there are a number of ethical issues around the use of this procedure
in research settings. Of particular importance, is the invasiveness of lumbar puncture and
how individuals with MDD and/or stress-related psychiatric illness may respond to this
procedure physically, biochemically and psychologically. As discussed in the literature
review, CRH is intimately connected to pain pathways in the body, and therefore,
techniques such as lumbar puncture and blood sampling may cause an initial rise in CRH
that may be influenced by the mental health status and trauma history of affected
individuals.

Future research must address inconsistencies between serial sampling and single
point measurements of CRH, particularly in individuals with stress-related psychiatric
sequelae. Also, correlations between plasma, CSF and CNS concentrations of CRH have
not been adequately resolved. Presently, it is not possible to correlate CNS concentrations
of CRH with those measured in the periphery in living human subjects. Furthermore, it is
not possible to differentiate between hypothalamic and extrahypothalamic contributions
to peripheral concentrations of CRH. Advances in imaging techniques such as PET may

address some of these issues.

IV. AVP

A. Baseline Levels of AVP in Depressed Women with and Without Histories of IT
The current study found that basal plasma AVP levels did not differ between

depressed groups with or without IT and healthy controls. These results are consistent

with a number of studies that have shown no significant differences between individuals
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with depression and healthy controls (Raskind et al., 1979; Gjerris et al., 1985; Sérenson
et al., 1985; Ritchie et al., 1991; Inder et al., 1997). Past studies did not specify whether
individuals with depression had histories of traumatic life events which may precipitate
stress disorders. Unlike past work in this area, the current study employed multiple
measurements of plasma AVP over an hour and therefore expands upon previous
literature that employed single plasma measurements of AVP. By taking multiple
baseline measurements of AVP, we were able to confirm that plasma AVP levels
remained relatively constant over the period before CRH challenge.

There were no significant differences in plasma AVP levels between depressed
women with a history of IT and those without such histories. Secondary analysis where
the MDD+IT group was separated into subjects with current PTSD and those without a
current PTSD diagnosis also showed no significant differences in baseline AVP levels
between the two trauma groups. This is a new finding since there were no published
reports examining plasma AVP concentrations in individuals with PTSD diagnoses or
histories of IT.

Much of the research examining changes in AVP synthesis, storage, and release
has been carried out in animals. While animal studies have suggested that chronic stress
may lead to increased synthesis and release of AVP during chronic psychosocial and
immobilization stress (Hauger et al., 1990; Bertini and Kiss, 1991; De Goeji et al., 1992;
Whitnall, 1989; Scott and Dinan, 1998), it is difficult to extrapolate these findings to
predict what might happen to basal plasma levels of AVP in human subjects with
psychiatric symptomatology associated with stress disorders. Much more invasive

techniques can be used in animals to determine the localization and synthesis of AVP as
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well as to isolate anterior and posterior pituitary sources of AVP contributing to
concentrations measured in plasma. Furthermore, while beyond the scope of this thesis,
the validity of animal stress models to study neurobiological changes in psychiatric
disorders such as MDD and PTSD has been repeatedly critiqued and analyzed (Cohen
and Zohar, 2004; Anisman and Matheson, 2005; Henn and Vollmayr, 2005; Pryce et al.,
2005; Siegmund and Wotjak, 2006). Thus, while animal studies have suggested baseline
modifications of AVP in the PVN and median eminence as a result of chronic stress,
these findings have not yet been supported by clinical studies examining specific
psychiatric disorders such as MDD and PTSD where acute and/or chronic stress have

contributed to the development of psychiatric sequelae.

B. AVP Levels Following CRH Challenge in Depressed Women with and Without
IT

Repeated measures analysis did not show a significant effect of time on AVP
levels and therefore it can be inferred that CRH infusion does not significantly elevate
plasma AVP levels. However, the current study is limited by small sample sizes, and due
to the large variation in AVP levels between individuals, may not have sufficient power
to identify time effects resulting from CRH infusion. Further, there were no significant
differences between depressed groups with and without histories of I'T and healthy
controls using repeated measures.

Time course studies examining the effect of pharmacological challenges on
cortisol or other HPA axis-related peptides like ACTH or B-END frequently express the

results as AUC rather than using repeated measures statistical analyses. Therefore, we
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have employed both methods of analysis in this study. By calculating the AUC for each
individual, it was observed that the depressed group without a history of IT had a smaller
AUC than healthy controls (p<0.005). Further, the MDD+IT group showed a trend to
decreased AUC compared to healthy controls (p<0.075). No significant differences in
AUC were identified when the MDD-+IT group was separated into those with and without
current PTSD. There were also no significant differences noted between the traumatized
and non-traumatized depressed groups.

Since AUC represents a cumulative measure of AVP over a period of time, it is
possible that this value has greater power to identify differences between groups.
Additionally, the absence of significant differences in basal plasma AVP levels between
healthy controls and the two depressed groups suggests that differences between groups
may emerge after CRH infusion. Unfortunately, the effect of CRH infusion on plasma
AVP levels has not been well studied in human or animal studies. In the current study,
CRH infusion was used as a pharmacological stress challenge. Previous studies have
shown increased plasma AVP levels in humans during social isolation and confinement
(Maillet et al., 1993) and during exposure to psychological stressors (Meyerhoff et al.,
1990). However, the neural pathways activated during these two studies that contributed
to elevated AVP levels may be entirely different than pathways activated by intravenous
CRH infusion. One study suggested that CRH infusion alone does not elevate plasma
AVP, but that CRH infusion in the presence of an osmotic stimulus did lead to rises in
plasma AVP levels (Yamada et al., 1989). In the current study, when each group was
examined separately, AVP levels rose in response to CRH infusion in healthy controls.

This was not observed in the MDD-IT or MDD+IT groups. Therefore, impaired
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regulation of AVP release by elevated CRH levels may represent a marker in
pathophysiology in MDD.

While a synergistic role for CRH and AVP in the activation of the HPA axis
cascade has been established, interactions between these two peptides have not been well
studied. Research has exclusively focused on the effects of AVP and CRH in regulating
the release of ACTH under conditions of acute and chronic stress and in stress-free
environments. As discussed in the literature review, this includes examining both levels
of AVP and CRH in stressful and stress-free conditions as well as examining changes
with V, and CRH, receptors occurring as a result of acute and chronic stress. However,
since CRH and AVP act synergistically, each has the potential to regulate the release of
the other from the hypothalamus. In particular, CRH pathways in brain regions other than
the hypothalamus may have the ability to affect AVP release from the PVN during acute
and chronic stress.

The current study suggests a possible role for CRH in the regulation of AVP
release. The mechanism by which this occurs is unknown. Since intravenous CRH
infusions cross the blood-brain barrier and interact with CRH receptors diffusely
throughout the brain, it is likely that AVP release may be modified by CRH via
extrahypothalamic sites that have stimulatory inputs into the PVN of the hypothalamus.
In particular, inputs from the cortex, amygdala and ventrolateral medulla as well as
ascending projections from autonomic areas of the brain stem which are rich in CRH
receptors may play a role in regulating AVP release from the PVN (Ruggiero et al., 1999;
Kirby et al., 2000; Valentino and Van Bockstaele, 2002). These regions in particular have

been shown to be involved in HPA axis regulation (Herman et al., 1996; 2003; 2005).
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V. SUMMARY OF KEY FINDINGS
A. Differences in Psychiatric Profiles in Depressed Women with and without
Histories of IT

In the present study, it was observed that depressed women with histories of IT
experience more atypical symptoms of MDD than women without such histories. They
also experience more dissociative, sexual abuse related symptoms, and sleep disturbance
than depressed women without histories of IT. Additionally, every participant with a
history of IT also had subthreshold or current PTSD diagnoses. These findings support
suggestions that depressed women with histories of IT may have more complex
psychiatric profiles than depressed women without such histories. As a result, they may
require more aggressive psychiatric interventions since comorbidity has been associated
with higher levels of functional impairment (Shalev et al., 1998; Blanchard et al., 1998)
and higher rates of treatment resistance (Brady et al., 2000).

Since many women with histories of IT will initially present .to health clinics and
physicians seeking help for MDD, this study supports the need for these practitioners to
inquire about IT experiences occurring in either childhood or adulthood. While some
women may be reluctant to talk about such experiences initially, patient education around
the potential psychiatric consequences of IT and inquiries around such histories may lead
to disclosure of IT histories during future appointments. Identification of such individuals
may allow health practitioners to more effectively identify comorbid psychiatric

conditions in these individuals as well as formulate more effective treatment strategies.
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B. CRH in Depressed Women with and without Histories of IT

The current study found no differences in basal plasma CRH levels between
controls and depressed women with and without histories of IT. These findings are
supported by other studies that have not observed differences in CSF and plasma CRH in
subjects with MDD (Kling et al., 1991; Geracioti et al., 1992; Molchan et al., 1993; Pitts
et al., 1995; Geracioti et al., 1997). Conversely, hypersecretion of CRH has been
frequently described in both MDD (Nemeroff et al., 1984; Arato et al., 1986; 1989; Banki
et al., 1992; Widerlov et al., 1988; Risch et al., 1991; De Bellis et al., 1993; Catalan et al.,
1998; Galard et al., 2002) and PTSD (Bremner et al., 1997; Baker et al., 1999). It is
unknown why there is inconsistency in this literature, but addressing some of the issues
raised earlier in the discussion around single- versus multiple-point sampling, the use of
CSF versus plasma CRH, and the origin of CRH in samples drawn from peripheral

sources may clarify this literature.

C. AVP in Depressed Women with and without Histories of IT

The current study did not observe differences in basal plasma AVP concentrations
between healthy controls and either of the two depressed groups. In response to CRH
challenge, the depressed group without a history of IT had a decreased AVP AUC
compared to healthy controls. Depressed women with histories of IT showed a trend
towards decreased AUC compared to healthy controls, but this finding did not reach
significance. There appeared to be no differences between depressed women with and

without histories of IT. This is a new finding since CRH challenge of AVP has not been
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previously used in human subjects and therefore, future work must delineate a
mechanism by which this results in decreased AVP AUC for subjects with MDD.

Several studies, described in the literature review, have examined AVP levels in
individuals with MDD but this literature has been inconsistent. Neither basal nor
challenged AVP levels have been examined in a population with a history of IT or PTSD
previously. While all subjects in the present study had current MDD diagnoses, we did
not find a significant effect of subthreshold or current PTSD diagnoses resulting from IT
on either basal or CRH-challenged AVP concentrations. This is a new finding and should
be examined in future studies investigating AVP levels in individuals with PTSD

resulting from IT as well as other types of traumatic life events.

VI. CONCLUSION

A wide spectrum of psychiatric outcomes can occur in response to IT. As a result,
female survivors of IT are a diverse and heterogeneous group, and thus controlling
variables to examine potential biological markers of dysfunction can be challenging. In
women with histories of severe, prolonged and/or repeated IT, resulting psychiatric
symptoms may not fit into the strict diagnostic constructs described in the DSM-IV. This
issue may be resolved in future research by taking a symptoms-based approach to the
pathophysiology of stress disorders. The heterogeneity of symptoms observed in female
survivors of IT suggests that multiple pathways in the brain may be affected. Therefore, a
symptomatic approach to examining pathophysiology may be more insightful than
examination on the basis of Axis I or II groupings since female survivors of IT often have

complex psychiatric histories.
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While it is tempting to dismiss biological research in female survivors of IT due
to methodological challenges in controlling potential confounding variables, this is still
an important area of research. It is commonly believed that only a minority of individuals
who experience IT go on to have psychiatric issues. There is, however, a disproportionate
number of psychiatric patients who have experienced IT. It has been estimated that up to
2/3 of adult psychiatric patients have histories of IT (Beck and van der Kolk, 1987; Bryer
et al., 1987; Briere and Zaidi, 1989; Mueser et al., 2004; McHugo et al., 2005).
Furthermore, treatment resistance has been observed in survivors of IT, particularly in
those with complex psychiatric profiles (Mancini et al., 1995; Kaplan and Klinetob,
2000; Schneider et al., 2007). For these individuals, psychotherapy combined with
antidepressant therapies are likely more effective in the treatment of psychiatric sequelae
associated with IT (Stein et al., 2000; Martsolf and Draucker, 2005; Bisson and Andrew,
2007). Thus, it is extremely important that physicians inquire about trauma histories to
determine the best course of treatment for individual patients.

With regard to the role of the HPA axis in the pathophysiology of stress disorders,
there are still many unanswered questions. HPA axis dysregulation has been observed in
both MDD (Young, 2006; Pariante, 2006; Gillespie and Nemeroff, 2006) and PTSD
(Rasmusson et al., 2003; Shea et al., 2005; Seckl and Meaney, 2006; de Kloet et al.,
2006). Problems with methodology and confounding variables within populations have
made the implications of some results unclear. While the HPA axis has been a primary
focus of research in the pathophysiology of MDD, PTSD, and other stress-related
psychiatric illness, the implications of dysregulation within the HPA axis on mood,

anxiety, memory and cognition have not been clarified. Furthermore, there is still much
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to learn about the regulation of the HPA axis and how changes within this network can
influence other important pathways within the CNS involved in the regulation of mood
and anxiety.

It has been suggested that modifications in the regulation of glucocorticoid release
due to stressful life events could potentially lead to long-term changes in neural plasticity
in areas of the CNS involved in the regulation of mood and anxiety, resulting in
psychiatric symptoms (Pearce and Yamamoto, 1993; McKay and Cidlowski, 1998;
Chrousos and Kino, 2007). However, there is insufficient evidence to delineate specific
behaviors associated with stress-related psychiatric illness resulting from altered
glucocorticoid release in the context of this hypothesis.

An alternative hypothesis has revolved around potential CRH dysregulation in
stress-related psychiatric illness. While the HPA axis is frequently implicated in CRH
dysregulation in both MDD and depression, CRH dysregulation in extrahypothalamic
pathways seems more plausible. Rodent models suggest an increase in anxiety-related
behaviors in the presence of increased extrahypothalamic CRH (Dunn and Berridge,
1990; Butler and Nemeroff, 1990; Koob et al., 1993; Young and Liberzon, 2002).
Further, it has been hypothesized that hypothalamic CRH release occurs in response to
physiological stress, while CRH release from the central nucleus of the amygdala occurs
in response to fear-related behaviors (Makino et al., 1999) and emotionally significant
stimuli (Merali et al., 2003). Conversely, the behavioral implications of CRH
dysregulation within the HPA axis have not been clearly delineated. While the
involvement of extrahypothalamic CRH dysregulation in the production of symptoms

associated with stress-related psychiatric illness is a promising area of research, there is
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still much to learn about the behavioral impact of changes in CRH neurotransmission in
human brain and how these changes may result in psychiatric symptoms associated with

MDD and/or PTSD.
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