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Abstract

The phenomenon of higher rates of affective disorders in women illustrates many of the difficulties as well as promises of translating
preclinical models to human disorders. Abnormalities in the regulation of the hypothalamic–pituitary adrenal axis and the sympathoadreno-
medullary system have been identified in depression and anxiety disorders, and these disorders are clearly precipitated and exacerbated by stress.
Despite the striking sex difference in the prevalence of depression and anxiety disorders, attempts to identify corresponding sex differences in
stress response reactivity in animal models have met with limited success. Processes which may contribute to increased rates of affective disorders
in women are greater fluxes in reproductive hormones across the life span, and increased sensitivity to catecholamine augmentation of emotional
memory consolidation.
© 2006 Elsevier Inc. All rights reserved.
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Women are at least twice as likely as men to suffer from
depression and anxiety disorders, including unipolar depres-
sion, dysthymia, panic disorder, post-traumatic stress disorder,
generalized anxiety disorder, social anxiety disorder, and
phobias (Regier et al., 1993; Kessler et al., 1994). These sex
differences are seen in multiple diverse countries and cultures,
suggesting a biological basis. However, despite great interest in
this area, biological mechanisms that may contribute to this
striking sex difference have remained elusive.

Sex differences in stress responses

Abnormalities in the regulation of the hypothalamic–
pituitary adrenal axis and the sympathoadrenomedullary system
have been identified in depression and anxiety disorders, and
these disorders are clearly precipitated and exacerbated by stress
(Gold and Chrousos, 2002). Surprisingly, evidence from animal
studies to date suggests that females are relatively resistant to

the behavioral and neurobiological effects of acute and chronic
stress. For example, although chronic stress over 21 days
produces reversible atrophy of apical dendrites of hippocampal
pyramidal neurons in males (Conrad et al., 1999), this effect is
not seen in females (Galea et al., 1997). Similarly, repeated
swim stress over 30 days decreased CA3 and CA4 pyramidal
cell number in gonadectomized male rats, but not in females
(Mizoguchi et al., 1992). Parallel results were found in a study
of male and female vervet monkeys subjected to chronic social
stress (Uno et al., 1989). Males also had higher stress-induced
c-fos gene expression in several brain areas compared to
proestrus and diestrus females (Figueiredo et al., 2002).
Consistent with these sex differences in structural responses
to chronic stress, female rats do not show the impairment of
spatial memory or object recognition memory after chronic
restraint stress that is characteristic of males (Luine, 2002). In
addition, an acute stressor enhances fear behaviors and impairs
escape learning (learned helplessness) in males, but less so in
females (Steenbergen et al., 1990; Heinsbroek et al., 1991).
Moreover, in males, acute stress enhances eyeblink condition-
ing (a reflex learning that does not involve fear), but in females
it impairs eyeblink conditioning in proestrus and has no effect in
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diestrus (Shors et al., 1998; Wood and Shors, 1998). A similar
sex difference in stress-induced enhancement of fear condition-
ing was recently reported in humans (Jackson et al., 2005). In
humans, males seem to have greater HPA axis responses to
stress (reviewed in Kudielka et al., 2004) and when circulating
gonadal steroids are removed, men also have higher HPA axis
responses than women (Roca et al., 2005). Female rats have
higher ACTH and total corticosterone responses to stress (Kant
et al., 1983; McCormick et al., 2002), but it remains to be
determined whether free corticosterone responses are higher in
female rats. High levels of corticosterone binding globulin
(CBG) in female rats (McCormick et al., 2002) may blunt the
free corticosterone response and require more ACTH release
than males to generate the same free corticosterone response.
Animal and human data are concordant in suggesting that
physiological doses of estradiol suppress HPA axis responses to
stress (Redei et al., 1994; Komesaroff et al., 1999; Young et al.,
2001). For more information on sex differences in the regulation
of the HPA axis, see the companion paper by Bale in this
volume.

One way to reconcile relative resistance of females to
neurobiological effects of stress with increased prevalence of
affective illness in women is to consider the stress-induced
neurobiological changes in males as adaptive, potentially
preventing subsequent development of depression and anxiety
symptoms. For example, relatively impaired memory in
response to 3 weeks of restraint stress may enable males to
forget the stress and its associations more quickly.

Problems and promises of animal models

A major problem with animal models of affective disorders
that involve behavioral measures reminiscent of depression in
humans is that the core clinical features of the disorders are
subjective experiences, rather than observable behaviors.
Several of the classic animal models of depression, such as
learned helplessness, separation, the forced swim test, and
chronic restraint stress, could be argued to be equally good
models of anxiety disorders, based on the behavioral features of
the models. It is difficult to know whether failure of adaptive
behaviors in these models is due to hopelessness and help-
lessness, or fear and uncertainty. Similarly, it is difficult to know
whether repetitive circling or licking behavior in a dog is a
better model of a motor tic or Tourette's disorder vs. a
compulsive response to an obsession, as occurs in obsessive
compulsive disorder. Although related, and sometimes co-
morbid, these disorders respond very differently to treatment,
generate different subjective experiences, and typically segre-
gate in different families (Eapen et al., 1997).

Another obstacle to developing animal models is that current
diagnostic criteria for depression and anxiety disorders are
based on symptom clusters rather than underlying neurobiology
(APA, 1994). Charney and colleagues (2002) (Charney et al.,
2002) in A Research Agenda for DSM-V, provide a compre-
hensive overview of how neuroscience research should be
applied to longer-term efforts to refine our current psychiatric
diagnostic system as outlined in the Diagnostic and Statistical

Manual of Mental Disorders, Version IV (DSM-IV). Although
the knowledge base is inadequate at this time, neurobiology and
genetics are expected to play an increasingly important role in
defining and validating diagnostic categories. New diagnostic
categories are likely to be based on biobehavioral dimensions of
psychopathology that cut across the current diagnoses. At this
time, depression and anxiety disorders are split into multiple
diagnoses with overlapping clinical features, based on the most
prominent symptom such as panic attacks or worrying or onset
following trauma. One consequence is that individuals with
different pathophysiology, but similar clinical features, are
lumped into the same diagnostic category. For example,
episodic obsessive compulsive disorder (OCD) that is asso-
ciated only with pregnancy and the postpartum period may arise
from biological processes distinct from more the more common
chronic form of OCD and may respond to distinct treatments.
Another consequence of the symptom-based diagnostic system
is that individuals with similar pathophysiology can be split into
different diagnostic categories. For example, a bipolar patient is
diagnosed with unipolar depression until the first manic episode
occurs. Although earlier hints may come from poor anti-
depressant response, family history, and chronic insomnia, these
features are not diagnostic criteria. Another problem is that
individuals with affective disorders commonly receive multiple
diagnoses. It is rare to carry a diagnosis of a single anxiety
disorder, and anxiety disorders are highly co-morbid with
depressive disorders (Goldenbeg et al., 1996). Diagnoses based
on neurobiological characteristics should lead to more targeted
psychological, pharmacological, and other biological treat-
ments. In addition, a more pathophysiologically based diag-
nostic system will improve translation of investigations from
animal to human studies and animal studies could play a greater
role in definition of diagnostic categories. For example, girls
with conduct disorder demonstrate more impulsive sexual
behavior and boys engage in more interpersonal violence. If
these behaviors are linked to similar biological processes, it
would strengthen the argument for one diagnosis incorporating
both behavioral profiles.

An advantage of animal models is the opportunity to
control sex-specific environmental variables that may con-
tribute to the sex differences in prevalence, symptom patterns,
and treatment response of psychiatric disorders. In humans,
culturally determined behaviors and experiences such as
dieting, social subordination, and sexual abuse may promote
development of affective disorders in women. For example,
food restriction is known to suppress thyroid hormone activity
and to alter brain serotonergic function (Attenburrow et al.,
2003) both of which may increase risk of depression in
women who diet. Women are more susceptible to sexual
abuse in childhood, which is associated with anxiety and
increased hormonal responses to stress in adulthood (Heim et
al., 2000). More sex differences in the consequences of food
restriction are discussed in the paper by Sodersten and Berg
in this volume. These sex differences in factors that may
trigger depression suggests that sex differences should be
considered systematically in developing appropriate animal
models.
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