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Depressive disorders affect nearly 19 million American adults, making depression and the susceptibility for developing depression a
critical focus of mental health research today. Females are twice as likely to develop depression as males. Stress is a known risk factor for
developing depression, and recent hypotheses suggest an involvement of an overactive stress axis. As mediators of the stress response,
corticotropin-releasing factor (CRF) and its receptors (CRFR1 and CRFR2) have been implicated in the propensity for developing
stress-related mood disorders. Mice deficient in CRFR2 display increased anxiety-like behaviors and a hypersensitive stress response. As
a possible animal model of depression, these mice were tested for depression-like behaviors in the forced swim test. Comparisons were
made between wild-type and mutant animals, as well as between sexes. Male and female CRFR2-mutant mice showed increased immo-
bility as an indicator of depression compared with wild-type mice of the same sex. In addition, mutant and wild-type female mice
demonstrated increased immobile time compared with males of the same genotype. Treatment of CRFR2-deficient mice with the CRFR1
antagonist antalarmin decreased immobile time and increased swim time in both sexes. We found a significant effect of sex for both time
spent immobile and swimming after antalarmin treatment. Because differences in behaviors in the forced swim test are good indicators
of serotonergic and catecholaminergic involvement, our results may reveal an interaction of CRF pathways with other known antidepres-
sant systems and may also support an involvement of CRF receptors in the development of depression such that elevated CRFR1 activity,
in the absence of CRFR2, increases depression-like behaviors.
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Introduction
Depressive disorders affect nearly 19 million American adults
and are thought to be the most prevalent form of mental illness.
Evidence from research and clinical investigations demonstrates
that depression encompasses a profound neurocircuitry failure.
The brain regions involved in this dysregulation may include the
hypothalamus, hippocampus, amygdala, and striatum (Liotti
and Mayberg, 2001; Nestler et al., 2002). These nuclei are impor-
tant regulators in endocrine control of behaviors symptomatic of
depression, such as eating, sleeping, circadian rhythm, stress re-
sponse, learning and memory, and pleasure seeking. Depressed
patients present with a great variability of their symptoms, as well
as in their response to drug treatment, thus emphasizing the com-
plex nature of this illness.

Strong evidence links stress, and the sensitivity of the individ-
ual to stressful encounters, to the development of depression. The
stress response is essential for adaptation, maintenance of ho-

meostasis, and survival. However, chronic stress can accelerate
disease processes, cause neural degeneration, and lead to depres-
sion or other mood disorders (Nestler et al., 2002). A key factor in
the response to stress is the neuropeptide corticotropin-releasing
factor (CRF) (Vale et al., 1981). CRF and its receptors (CRFR1
and CRFR2) are important regulators of the hypothalamic–
pituitary–adrenal (HPA) axis. A large body of evidence now
ties CRF to the development of depression (Nemeroff, 1988,
1992; Arborelius et al., 1999; Holsboer, 1999; Reul and Hols-
boer, 2002). Clinical studies have found increased CRF and
decreased CRF receptors in postmortem examination of sui-
cide victims. In addition, excessive activation of the HPA axis
has been reported in more than one-half of patients with de-
pression, and these symptoms have been corrected during an-
tidepressant treatment (Holsboer, 1999). Whereas CRF stim-
ulates the HPA axis in response to stress and plays a key role in
activation of anxiety behaviors via activation of CRFR1, other
CRF family members, such as urocortinI (UcnI), UcnII, and
UcnIII, may act to decelerate the stress response via activation
of CRFR2 (Bale et al., 2000, 2002; Coste et al., 2000; Valdez et
al., 2002). Localization of CRF receptors within brain regions
thought to be involved in the neural circuitry of depression
also supports an involvement of CRF pathways in the patho-
genesis of this disease (Chalmers et al., 1995). It is clear that
the delicate balance of the CRF system is critical for mainte-
nance of mental and physical soundness.
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The increased susceptibility of females to depression has been
well documented, although the underlying mechanisms remain
insufficiently studied and virtually unknown (Kornstein, 1997;
Kendler, 1998; Frackiewicz et al., 2000). Differences in neuroen-
docrine pathways or sexually dimorphic brain regions may be key
factors influencing sensitivity. The CRF system and stress have
not been well examined in relation to gender differences in the
development of depression but may be key factors influencing
increased female susceptibility (Young, 1998). CRFR2-deficient
mice have been reported previously to display a hypersensitive
HPA axis, anxiogenic-like behavior, and elevated levels of CRF
and UcnI (Bale et al., 2000). As a possible mouse model of de-
pression, male and female CRFR2-deficient mice were examined
for depression-like behaviors. To determine the possible involve-
ment of CRFR1 overactivity in the absence of CRFR2, the non-
peptide CRFR1 antagonist antalarmin was administered before
testing. Previous studies have demonstrated an antidepressant
action of antalarmin in the forced swim test (Griebel et al., 2002).
Our studies reveal an involvement of CRF receptors in the devel-
opment of depression and distinct behavioral sex differences in
response to CRFR1 antagonist treatment.

Materials and Methods
Animals. CRFR2-deficient mice were constructed as reported previously
(Bale et al., 2000). Mice were housed under controlled conditions of 12 hr
light/dark (lights on at 6:00 A.M.) with access to food and water ad
libitum. All procedures were approved by the Institutional Animal Care
and Use Committee of the Salk Institute.

Forced swim test. To measure the depression-like behaviors of mice
deficient for CRFR2, littermate male and female CRFR2-mutant and
wild-type mice (n � 10) were tested in a modified version of the forced
swim test. The test was modified by increasing the depth of the water in
the cylinder to 15 cm above the bottom of the cylinder (Lucki, 1997;
Cryan et al., 2002). All animals were placed in the cylinder for a preswim
for 5 min on day 1 and then monitored during a 5 min test 24 hr after the
preswim (Crawley, 2000). The time spent swimming, climbing, and im-
mobile were determined by an investigator blind to genotype and treat-
ment. Immobility was defined as time spent still or only using righting
movements to remain afloat. Swimming was defined as any movement
horizontal in nature that involved at least two limbs. Climbing was de-
fined as any vertical movement in which the bottom of the front paws
touched the sides of the cylinder.

Effects of antalarmin on depression-like behaviors. To determine
whether antagonism of CRFR1 could reverse the increased depression-
like behaviors detected in the CRFR2-mutant mice, in separate experi-
ments, male and female CRFR2-deficient mice (n � 10) were injected
with either antalarmin (7.5 mg/kg, i.p.) or vehicle (100 �l volume, i.p.) 1
hr before the test swim. As noted above, the preswim and test were 5 min
each. Scoring was again performed by an investigator blind to treatment.
To examine the prolonged effect of antalarmin treatment on depression-
like behaviors, because many antidepressants require longer exposures,
mice were tested again either 24 or 72 hr after treatment in a second 5 min
test swim such that each animal was tested only two times (n � 5).
Behaviors were scored as described above. For comparison of male and
female responses to antalarmin treatment for all behaviors, data were
analyzed by two-way ANOVA.

Drug. Antalarmin was generously supplied by Dr. George Chrousos
(National Institute of Child Health and Human Development, National
Institutes of Health, Bethesda, MD) (Webster et al., 1996; Habib et al.,
2000). The drug was dissolved in DMSO at 9 mg/ml and diluted in 0.9%
saline before intraperitoneal injection. Vehicle was the same concentra-
tion of DMSO in 0.9% saline.

Statistics. Results for all tests were averaged, and statistics were done
using Statview (SAS Institute, Cary, NC). A two-way ANOVA was used to
analyze the effects of sex and genotype or effects of sex and treatment on
the depression-like behaviors measured to compare all groups. Signifi-
cant main effects were probed using Fisher’s PLSD tests. Those effects

that were determined to have a significant interaction were further
probed using a Tukey–Kramer post hoc test for significance.

Results
Depression-like behaviors in modified forced swim test
To examine depression-like behaviors in mice deficient for
CRFR2 compared with wild-type littermates, male and female
mice were tested in the forced swim test. The tests revealed a

Figure 1. Measurement of depression-like behaviors in forced swim test. A, Both male and
female mutant (Mut) mice showed increased immobile time during 5 min forced swim com-
pared with wild-type (Wt) mice (n � 10). Overall, females showed significantly greater immo-
bile time compared with their respective males of the same genotype. *p � 0.05 compared
with wild-type males; **p � 0.01 compared with wild-type males; ***p � 0.001 compared
with wild-type females and male mutant mice; ANOVA and Fisher’s post hoc test. B, Both male
and female mutant mice demonstrated decreased swim time compared with wild-type litter-
mates (n � 10). *p � 0.05 compared with wild-type males; **p � 0.01 compared with
wild-type females; ***p � 0.001 compared with wild-type males; ANOVA and Fisher’s post hoc
test. C, Female mice deficient for CRFR2 spent significantly less time climbing during the forced
swim test compared with female wild-type littermates; ***p � 0.001; ANOVA and Fisher’s post
hoc test.
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significant increase in immobility time in both male and female
CRFR2-mutant mice compared with their wild-type littermates
(Fig. 1A). Significant differences were detected by two-way
ANOVA for both sex and genotype effects, (F(1,1,36) � 30.66, p �
0.0001 for sex; F(1,1,36) � 30.71, p � 0.0001 for genotype). Wild-
type and mutant female mice showed significantly more immo-
bile time than their corresponding male mice did. Female and
male mutant mice showed a significant decrease in time spent
swimming during the test compared with their wild-type litter-
mates (Fig. 1B) (F(1,1,36) � 40.28, p � 0.0001 for sex; F(1,1,36) �
7.90, p � 0.008 for genotype). Female mutant mice also showed a
significant decrease in time spent climbing during the test com-
pared with their female wild-type littermates (Fig. 1C) (F(1,1,36) �
0.18, p � 0.68 for sex; F(1,1,36) � 12.91, p � 0.001 for genotype).
However, no difference in time spent climbing was found be-
tween male wild-type and mutant mice. There was a significant
interaction of sex and genotype for time spent climbing ( p �
0.03). A Tukey–Kramer post hoc test was performed to determine
the extent of the interaction. A significant difference was detected
between female wild-type and mutant mice for time spent climb-
ing (critical difference of 83.5/40.7).

Response to CRFR1 antagonist (antalarmin) treatment
To determine whether increased CRFR1 activity in the absence of
CRFR2 was the possible cause of the increased depression-like
behaviors in CRFR2-deficient mice, a CRFR1 small-molecule an-
tagonist, antalarmin, was administered to CRFR2-mutant mice
before testing in the forced swim test. Previous reports have dem-
onstrated a decrease in immobile time in the forced swim test
after antalarmin treatment (Griebel et al., 2002), as well as de-
creases in depression in humans in response to other CRFR1
nonpeptide antagonists (Zobel et al., 2000).

Females
Results revealed a significant decrease in immobile time (Fig. 2A)
and an increase in swimming (Fig. 2B) and climbing (Fig. 2C)
times in female CRFR2-deficient mice pretreated with anta-
larmin. The decrease in immobility was detectable 1 hr after treat-
ment in female mutant mice compared with vehicle-treated mu-
tant females and remained significantly decreased 24 and 72 hr
after treatment (Fig. 2A). A two-way ANOVA showed a signifi-
cant effect of both sex and treatment 1 hr after treatment (F(1,1,36)

� 4.82, p � 0.03 for sex; F � 81.1, p � 0.0001 for treatment). No
significant interaction was detected between sex and treatment
for time spent immobile at the 1 hr time point. Antalarmin pre-
treatment of CRFR2-mutant female mice decreased immobile
time by 1 hr to levels slightly lower than untreated wild-type
female immobile time (Fig. 1A). The effect of treatment was sig-
nificant at the 24 hr time point (F(1,1,15) � 75.39, p � 0.0001). The
effect of both sex and treatment was significant 72 hr after treat-
ment (F(1,1,15) � 8.37, p � 0.01 for sex; F � 13.45, p � 0.004 for
treatment), with no significant interaction between sex and
treatment.

The increase in swimming was detectable 1 hr after treatment
in female mutant mice compared with vehicle-treated mutant
females and remained significantly increased 24 and 72 hr after
treatment (Fig. 2B). A two-way ANOVA showed a significant
effect of both sex and treatment 1 hr after treatment (F(1,1,36) �
4.63, p � 0.04 for sex; F � 19.0, p � 0.0001 for treatment). No
significant interaction was detected between sex and treatment
for time spent swimming at the 1 hr time point. The effect of
treatment, but not sex, was significant at the 24 hr time point
(F(1,1,15) � 26.86, p � 0.0006).

Figure 2. Forced swim test results after pretreatment with antalarmin in female CRFR2-
deficient mice. A, Female mutant mice treated with antalarmin (7.5 mg/kg) 1 hr before testing
showed decreased immobile time compared with vehicle-treated mutant mice (n � 10).
***p � 0.001. This effect remained evident 24 (n � 5) and 72 (n � 5) hr after treatment.
***p � 0.001; ANOVA and Fisher’s post hoc test. � indicates basal wild-type female immobile
levels for comparison. B, Female mutant mice treated with antalarmin displayed increased
swim time compared with vehicle-treated mutant females 1 (n � 10), 24 (n � 5), and 72
(n � 5) hr after treatment. *p � 0.05; ***p � 0.001; ANOVA and Fisher’s post hoc test.
� indicates basal wild-type female swim levels for comparison. C, Female mutant mice treated
with antalarmin showed increased climbing time 24 hr (n � 5) after treatment compared with
vehicle-treated females. *p � 0.05. No difference was detected in climbing time 1 hr after
treatment (n � 10); ANOVA and Fisher’s post hoc test. � indicates basal wild-type female
climbing levels for comparison.
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No difference in climbing time was detected 1 hr after anta-
larmin treatment. In females, a significant increase in time spent
climbing was detected 24 hr after antalarmin administration and
was still detectable 72 hr after treatment (Fig. 2C). Time spent
climbing for CRFR2-deficient females 24 hr after antalarmin
treatment was similar to that shown for untreated wild-type fe-
males (Fig. 1C). A significant effect of both sex and treatment was
found at the 24 hr time point (F(1,1,15) � 5.63, p � 0.04 for sex;
F � 12.18, p � 0.007).

Males
Results revealed a significant decrease in immobile time in male
CRFR2-deficient mice 1 and 24 hr after antalarmin treatment
compared with vehicle-treated male mutant mice (Fig. 3A). The
level of immobility detected in the antalarmin-treated mutant
male mice was similar to that found in untreated wild-type male
mice (Fig. 1A). Comparison of males and females by ANOVA for
immobile time after treatment is described above.

Results revealed a significant increase in swim time in male
CRFR2-deficient mice 1 and 24 hr after antalarmin treatment
compared with vehicle-treated male mutant mice (Fig. 3B). The
increased level of swimming detected in the antalarmin-treated
mutant male mice was similar to that found in untreated wild-
type male mice (Fig. 1B). Comparison of males and females for
swimming time after treatment is described above.

A significant increase in time spent climbing was detected
in male mutant mice 24 hr after treatment with antalarmin
(Fig. 3C). This effect was not significantly different from
vehicle-treated males 1 or 72 hr after treatment. Comparison
of males and females for climbing time after treatment is
described above.

Discussion
Depression is the most common form of mental illness in America
(Nestler et al., 2002). The mechanisms underlying this disease are
relatively unknown, as are the reasons for the inconsistencies in pa-
tient responsiveness to antidepressant treatment. Stress and the sen-
sitivity to stress appear to be risk factors. Evidence links CRF and an
overactive HPA axis to a high risk for development of depression
(Nemeroff, 1988; Curtis and Valentino, 1994; Arborelius et al., 1999;
Heim and Nemeroff, 1999; Sauvage and Steckler, 2001; Reul and
Holsboer, 2002). Mice deficient in CRFR2 have been shown to dis-
play a hypersensitive HPA axis, as well as anxiogenic-like behaviors
(Bale et al., 2000; Coste et al., 2000; Kishimoto et al., 2000). Previous
hypotheses have suggested that this phenotype of CRFR2-deficient
mice may be attributable to unimpeded CRFR1 activity in the ab-
sence of CRFR2 (Bale et al., 2000, 2002). These mice provide a good
model to examine the effects of prolonged stress sensitivity and in-
creased anxiety on the development of depression. Normal mice are
typically not useful models for the study of depression because the
development of most depressions likely requires a genetic vulnera-
bility (Nestler et al., 2002).

In these studies, male and female CRFR2-deficient mice
showed increased depression-like behaviors in the forced swim
test. Female mutant mice demonstrated both increased immobil-
ity, as well as decreased swimming and climbing time, compared
with their wild-type female littermates. Male mutant mice also
showed a significant increase in immobile time and a decrease in
swim time, but no difference was detected in time spent climbing
compared with wild-type male mice. These distinct differences in
depression behaviors suggest potential roles for CRF receptors in
the development and presentation of depression. Treatment with
the CRFR1 small-molecule antagonist antalarmin decreased im-

Figure 3. Forced swim test results after pretreatment with antalarmin in male CRFR2-
deficient mice. A, Male mutant mice treated with antalarmin (7.5 mg/kg) 1 hr before testing
showed decreased immobile time compared with vehicle-treated mutant mice (n � 10).
***p � 0.001. This effect remained evident 24 hr (n � 5) after treatment. **p � 0.01. No
difference in immobile time was detected 72 hr (n � 5) after treatment; ANOVA and Fisher’s
post hoc test. � indicates basal wild-type male immobile levels for comparison. B, Male mutant
mice treated with antalarmin 1 hr before testing showed increased swim time compared with
vehicle-treated mutant mice (n � 10). ***p � 0.001. This effect remained evident 24 hr
(n�5) after treatment. *p�0.05. No difference in swim time was detected 72 hr (n�5) after
treatment; ANOVA and Fisher’s post hoc test. � indicates basal wild-type male swim levels for
comparison. C, Male mutant mice treated with antalarmin showed increased climbing time 24
hr (n � 5) after treatment compared with vehicle-treated males. *p � 0.05. No difference was
detected between antalarmin and vehicle-treated males in climbing time 1 hr (n � 10) or 72 hr
(n � 5) after treatment; ANOVA and Fisher’s post hoc test. � indicates basal wild-type male
climbing levels for comparison.
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mobile time and increased swimming and climbing time in both
CRFR2-deficient male and female mice. These results support the
prevailing hypothesis that increased CRFR1 activity results in
increased susceptibility for the development of depression, be-
cause previous studies have demonstrated an involvement of un-
impeded CRFR1 activity or increased production of CRF with the
development of anxiety-like or depression-like behaviors in ro-
dents and humans (Stenzel-Poore et al., 1994; Arborelius et al.,
1999; Holsboer, 1999; Zobel et al., 2000; Griebel et al., 2002). We
previously reported increased CRF levels in the central nucleus of
the amygdala and increased UcnI levels in the Edinger Westphal
nucleus in CRFR2-deficient mice (Bale et al., 2000). Elevated
ligand levels acting at CRFR1 may be influencing neurotransmit-
ter release from brain regions important for normal responses to
stress and homeostatic maintenance. Dysregulation of this path-
way may then lead to a proclivity for developing depression-like
behaviors, as seen in the CRFR2-mutant mice.

The time course and sexually dichotomous response of an-
talarmin treatment detected in the CRFR2 mice may provide
clues as to the neurotransmitters involved in the onset of de-
pression. The modified forced swim test for depression has
been demonstrated to be a good model of depression in ro-
dents and is responsive to various antidepressant treatments
(Detke et al., 1997; Lucki, 1997; Cryan et al., 2002). In this test,
antidepressant treatments decrease immobile time, by either
increasing swim time and/or increasing climbing time. Studies
have categorized these effects as specific to different neuro-
transmitter pathways, such that catecholaminergic agents may
decrease immobility by increasing climbing, whereas seroto-
nergic agents may decrease immobile time by increasing
swimming (Lucki, 1997). On the basis of these studies, results
in the CRFR2-deficient mice may indicate that the response to
antalarmin on decreasing immobility and increasing swim-
ming in both females and males may be attributable to effects
on these neurotransmitter pathways.

Electrophysiological, biochemical, and anatomical local-
ization studies have shown direct input and potent activation
of CRF fibers in the dorsal raphe nucleus (DR) (Price et al.,
1998; Kirby et al., 2000; Price and Lucki, 2001; Valentino et al.,
2001). CRF has been shown to affect 5-HT release to both the
striatum and lateral septum, as well as to directly alter DR
neuronal activity, whereas low doses were shown to inhibit
5-HT release, and high doses were shown to either increase or
have no effect (Valentino et al., 2001). These results may be
attributable to the heterogeneity of the DR or to the specific
CRF receptor being activated (Valentino et al., 2001; Ham-
mack et al., 2002). Both CRFR1 and CRFR2 have been detected
in the DR and may have opposing roles for 5-HT release.
Because CRF has a 10-fold higher affinity for CRFR1 than
CRFR2, low doses of CRF in the DR may preferentially activate
CRFR1, whereas higher doses could potentially stimulate neu-
rons expressing both receptors. Thus, one may hypothesize
then that activation of CRFR1 inhibits 5-HT release, whereas
activation of CRFR2 may augment its release (Valentino et al., 2001;
Hammack et al., 2002). Certainly, a growing body of evidence now
supports this hypothesis and has demonstrated CRF receptor-
specific effects on 5-HT fibers. The CRFR1 antagonist antalarmin
has been shown previously to block the inhibitory effects of CRF by
increasing 5-HT release (Kirby et al., 2000). Additionally, CRFR1-
deficient mice demonstrate enhanced hippocampal 5-HT neuro-
transmission (Penalva et al., 2002). These results support those
shown previously that antagonism of CRFR1 decreases depression-
like behaviors in rodents (Griebel et al., 2002), as well as in humans

(Zobel et al., 2000). Our results add to this hypothesis by suggesting
that, in the absence of CRFR2, CRFR1 tone predominates and may
affect 5-HT release and increase susceptibility to the development of
depression-like behaviors. Antalarmin treatment increased time
spent swimming for the CRFR2-mutant mice, indicating that this
antagonist may be affecting serotonergic pathways.

In addition to 5-HT involvement, catecholamines have also
been associated with the development of depression (Nestler et
al., 2002). CRF interactions with dopamine and norepinephrine
neurotransmission have been demonstrated and may involve di-
rect or indirect actions on cell bodies in the locus ceruleus (LC) or
ventral tegmental area (VTA) (Melia and Duman, 1991; Swi-
ergiel et al., 1992; Curtis and Valentino, 1994; Lechner et al.,
1997; Kawahara et al., 2000). CRFR1 has been detected in both
the VTA (Sauvage and Steckler, 2001) and in the LC (Val-
entino, 1989; Valentino et al., 1992). Antagonism of CRFR1
has been demonstrated to inhibit discharge from the LC (Cur-
tis and Valentino, 1994; Curtis et al., 1994, 1997). Results from
our studies show a response of CRFR2-deficient male and
female mice to antalarmin treatment with respect to climbing
behavior in the forced swim test. Increased climbing behavior
has been associated with changes in catecholaminergic neuro-
transmission (Cryan et al., 2002) and therefore may indicate
possible involvement of the CRF system with catecholaminer-
gic pathways. Certainly, the delayed response detected in the
mutant mice may be indicative of downstream interactions
rather than primary targets.

Depression is twice as common in females as it is in males. The
basis for this increased susceptibility is unknown but may involve sex
differences in hormonal or stress response pathways (Young, 1998)
or sexually dimorphic brain regions important in the neurobiology
of depression (Kornstein, 1997; Kendler, 1998; Frackiewicz et al.,
2000). In deciphering the mechanisms involved in these sex differ-
ences, we examined both male and female mice for depression-like
behaviors. Results from our analyses using a two-way ANOVA indi-
cate a significant effect of sex, independent of genotype, for time
spent immobile and time spent swimming for both wild-type and
CRFR2-mutant mice. Our analysis also showed an interaction of sex
and genotype for time spent climbing. Probing of this interaction
showed that only females had a significant difference in time spent
climbing, with the mutant females climbing significantly less than
the wild-type females. These results support a sex difference in sus-
ceptibility to depression and depression-like behaviors in mice and
may suggest that mice are good animal models in which sex differ-
ences could be further studied.

Antalarmin treatment of both males and females demon-
strated a rapid decrease in immobile time after treatment.
However, the duration of action was longer in females. Results
from ANOVA comparison of males and females found a sig-
nificant effect of sex, independent of treatment, for time spent
immobile and time spent swimming after antalarmin treat-
ment, indicating that females may be more responsive to an-
tagonism of CRFR1 over time. However, unexplainable
changes in the behaviors of the male control group at 72 hr
may have affected the outcome of statistical comparisons. Al-
though neither sex showed a significant increase in climbing 1
hr after treatment, there was a significant effect of sex at the 24
hr time point, and only females showed a significant change by
72 hr, providing additional evidence of possible CRF–stress
pathway involvement in the increased susceptibility of females
for depression. These results provide support for more de-
tailed examination of stress responsivity as an indicator of
susceptibility to depression, especially in females.
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In summary, our results have identified a significant in-
crease in depression-like behaviors in CRFR2-deficient mice.
Additionally, we demonstrated sexually dichotomous sensi-
tivity, in terms of duration of action, to antalarmin treatment
of depression-like behaviors in CRFR2-mutant males and fe-
males. These results may establish possible interactions of CRF
in the development and increased sensitivity of females for
depression. Elevated CRF and UcnI levels acting on CRFR1 in
these mice may be contributing to the increased depression-
like behavioral responses detected. These results also suggest
that mice may be good animal models for examining sex
differences in depression. Additional studies examining the
involvement of CRF family members, as well as distinct neu-
rotransmitter systems, will provide necessary information
about the genetic and neurobiological basis relating stress and
depression and the increased risk for females.
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