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Several neuroendocrine signals of the hypothalamic-pituitary-adrenal (HPA) axis are released following
exposure to stressful events. It has long been proposed that the signals in this cascade each act to modify
ongoing and future behavior. In this study we investigated whether blocking glucocorticoid synthesis,
corticotropin-releasing factor (CRF)-1 receptors, or CRF-2 receptors during social defeat would alter
subsequent behavioral responses. We used a conditioned defeat model in Syrian hamsters in which social
defeat results in a dramatic shift from territorial aggression to increased submissive and defensive behavior
in future social encounters. We found that intracerebroventricular administration of anti-sauvagine-30, a
CRF-2 receptor antagonist, prior to social defeat training reduced the acquisition of conditioned defeat. In
contrast, the acquisition of conditioned defeat was not altered by the CRF-1 receptor antagonist CP-154,526
or the glucocorticoid synthesis inhibitor metyrapone. Our results suggest that CRF, and perhaps related
neuropeptides such as urocortins, act at CRF-2 receptors to promote the development of defeat-induced
changes in social behavior, whereas signaling at CRF-1 and glucocorticoid receptors plays a negligible role in
this process.
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1. Introduction

Exposure to stressful events is a key factor in the etiology of several
mood and anxiety disorders [1,2]. Corticotropin-releasing factor (CRF)
is a neuropeptide that synchronizes many of the neuroendocrine,
autonomic, and behavioral responses to stress [3,4]. Upon exposure to
a stressor, CRF is released from the paraventricular nucleus of the
hypothalamus into the pituitary where it triggers the release of
adrenocorticotropic hormone (ACTH). ACTH, in turn, travels through
the blood stream to the adrenal cortex where it stimulates the release
of glucocorticoids such as cortisol and corticosterone. Each of the
neuroendocrine signals of this cascade is capable of acting in the brain
to modulate behavioral changes that occur following stressful events.

Glucocorticoids feedback on the brain and affect gene transcription
through activation of nuclear glucocorticoid and mineralocorticoid
receptors. In addition to inhibiting the hypothalamic-pituitary-adrenal
(HPA) axis, glucocorticoid feedback has been shown to modulate
ongoing and future behavior. For example, administration of corticoste-
rone increases aggressive behavior [5], whereas the glucocorticoid
synthesis inhibitor metyrapone decreases aggressiveness [6]. However,
corticosterone treatment does not always promote aggression. Mice
injected with corticosterone prior to an encounter with a larger, more
aggressive opponent display increased submission [7]. Similarly, corti-
costerone treatment prior to social defeat increases submissiveness in
mice tested in future aggressive encounters [8]. In subsequent studies,
Leshner and colleagues showed that ACTH also increases future
submissive behavior, but this effect is due to ACTH's trophic actions on
glucocorticoids [8]. Altogether, these results suggest that glucocorticoids
increase aggressiveness in naïve animals and increase submissiveness in
subordinate animals, perhaps by enhancing the salience of social cues or
by increasing the animal's motivation to respond.

Several rodent studies have shown that the glucocorticoids released
during stressful events enhance the acquisition and consolidation of
associativememory [9–11]. In humans, cortisol administration has been
reported to enhance recall of emotionally arousingpictures compared to
neutral images [12]. Likewise, blocking glucocorticoid synthesis with
the drugmetyrapone impairs memory for aversive experiences such as
footshock [13] or exposure to a video of a threatening conspecific [14].
The mechanisms of glucocorticoid action have been particularly well
delineated by Roozendaal and colleagues using an inhibitory avoidance
task. They have shown that stimulation of glucocorticoid receptors in
the basolateral amygdala (BLA) enhances memory consolidation by
modulating α1-adrenergic receptors which, in turn, facilitates the
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β-adrenergic-cAMP cascade [15]. These findings on stress-related
memories contrast with classic genomic actions of glucocorticoids and
provide an example of rapid, non-genomic glucocorticoid action at
membrane-bound receptors.

In addition to CRF's critical role in initiating the neuroendocrine
response to a stressor, CRF and other stress-related neuropeptides
such as urocortins act in non-hypothalamic brain regions to modulate
behavioral responses to aversive and emotional events. For example,
post-training injection of a non-selective CRF receptor antagonist into
the BLA has been shown to impair memory consolidation in an
inhibitory avoidance task [16]. The actions of CRF and the urocortins
are mediated by CRF-1 and CRF-2 receptors, and the effects of these
ligands depend in part on the type of receptor activated. Activation of
CRF-1 receptors in both the dorsal hippocampus and BLA has been
shown to enhance conditioned fear [17,18]. In contrast, the effects of
CRF-2 receptor activation appear to be brain region-dependent.
Pharmacological activation of CRF-2 receptors in the lateral septum
impairs fear conditioning [17], whereas CRF-2 receptor activation in
other brain regions enhances stress-induced changes in behavior. For
example, pre-training injection of a CRF-2 receptor antagonist into the
dorsal hippocampus prevents the acquisition of stress-enhanced fear
conditioning [19]. Similarly, pre-training injection of a CRF-2 receptor
antagonist into the dorsal raphe nucleus prevents the acquisition of
learned helplessness [20].

The goal of the current study was to determine which neuroendo-
crine signals of the HPA axis modulate the acquisition of stress-induced
changes in behavior using a social defeat model in Syrian hamsters
called conditioned defeat. Conditioned defeat is characterized by a
defeat-induced switch from species-typical territorial aggression to
heightened submissive and defensive behavior in future social
encounters. Social defeat in hamsters activates the HPA axis [21,22],
although it is unclear which neuroendocrine signals, if any, modulate
the acquisition of conditioned defeat. Because CRF, urocortins, and
glucocorticoids are each capable of modulating experience-dependent
changes in behavior that occur following stressful events, we hypoth-
esized that blocking glucocorticoid synthesis, blocking CRF-1 receptors,
and blocking CRF-2 receptors would reduce the acquisition of
conditioned defeat.

2. Methods

2.1. General procedures

2.1.1. Animals
Male Syrian hamsters (Mesocricetus auratus) were purchased from

Charles River Laboratories (Wilmington, MA). Subjects were three to
fourmonths old andweighed 120–140 g at the start of the study. They
were individually housed for 10–14 days prior to testing to allow them
to scentmark their territory. Theywere also handled daily to habituate
them to the stress of human contact during the experimental
procedures. Older hamsters (N6 months) that weighed 160–180 g
were housed individually and used as resident aggressors for social
defeat. Younger hamsters (~2 months) that weighed 90–110 g were
group-housed and used as non-aggressive intruders for conditioned
defeat testing. All animals were housed in polycarbonate cages
(20×40×20 cm) with corncob bedding, cotton nesting materials,
and wire mesh tops. All animals were housed in a temperature-
controlled colony room (20±2 °C) andmaintained on a 14:10 h light–
dark cycle. Food and water were available ad libitum. All procedures
were approved by the Georgia State University Animal Care and Use
Committee and are in accordance with the US National Institutes of
Health Guide for the Care and Use of Laboratory Animals.

2.1.2. Conditioned defeat protocol
Our conditioned defeat protocol has been extensively described

elsewhere [23] and is briefly described here. Prior to each experiment,
hamsterswerematched byweight and randomly assigned to groups.We
performed social defeat and subsequent behavioral testing under red
light during the first 3 h of the dark phase of the light–dark cycle. Social
defeat consistedof a single 15-minexposure to a resident aggressor in the
aggressor's home cage. To equalize the duration of social defeat, we
started the 15-min exposure at the first attack initiated by the resident
aggressor, which occurred within the first 30 s of all encounters. To
determine whether subjects received comparable social defeats we
recorded all social defeats and quantified the number of attacks subjects
received, thedurationof aggression subjects received, and thedurationof
submissiveanddefensivebehavior subjects displayed. Twosubjectswere
removed from the study because ofminorwounding during social defeat
and were treated by a veterinarian.

Conditioned defeat testing occurred 24 h after social defeat. Testing
consisted of a 5-min exposure to a non-aggressive intruder in the
subject's home cage. We recorded the total duration of four classes of
behavior during the 5-min test: (a) social (attend, approach,
investigate, sniff, nose touch, and flank mark); (b) nonsocial
(locomotion, exploration, self-groom, nest build, feed, and sleep);
(c) submissive and defensive (flee, avoid, tail up, upright and side
defense, full submissive posture, stretch-attend, head flag, and
attempt to escape from cage); and (d) aggressive (upright and side
offense, chase, and attack including bite). Training and testing sessions
were videotaped and later scored by observers blind to the
experimental conditions using behavioral analysis software (The
Observer, Noldus Information Technology, Wageningen,
Netherlands). Inter-observer reliability on the duration of submissive
and defensive behavior was 92%. A reduction in conditioned defeat
was indicated by a statistically significant decrease in the duration of
submissive and defensive behavior during testing.

2.1.3. Surgical procedures
Hamsters were anesthetized with sodium pentobartitol (90 mg/kg)

and stereotaxically implanted with a 4 mm, 26-gauge guide cannula
aimed at the lateral ventricle. Lambda and bregmawere leveled prior to
guide cannula implantation. The stereotaxic coordinates were 0.9 mm
anterior to bregma, 1.4 mm lateral to bregma, and 3.3 mm below dura.
The guide cannula was aimed 1.1 mm dorsal to the lateral ventricle to
avoid puncturing it, and the final depth was reached only when a 33-
gauge injection needle with a 2.2 mm projection was inserted. After
surgery, dummy stylets were placed in the guide cannula to help
prevent clogging. All animals were given 10–14 days to recover from
surgery. At the end of the experiment, hamsterswere given a lethal dose
of sodium pentobarbital and infused with 0.5 μl of India ink to verify
injection placements. Brains were removed and stored in 10% buffered
formalin. Later, brains were sliced with a razor blade along the guide
cannula track and examined for ink in the lateral ventricle. Only
hamsterswith ink inside the lateral ventriclewere included in statistical
analysis.

2.1.4. Statistical analysis
Behavioral data from social defeat training and conditioned defeat

testing are shown as group means±SEM. Data were analyzed using
separate one-way between-subjects ANOVAs or T-tests, and Tukey
tests were used for pairwise comparisons. All statistical tests were
two-tailed and the alpha level was 0.05.

2.2. Experimental procedures

2.2.1. Metyrapone and cortisol levels
In this experiment we verified that metyrapone [2-methyl-1,2-di-

3pyridyl-1-propanone (Sigma)], a glucocorticoid synthesis inhibitor,
would prevent a defeat-induced increase in circulating cortisol. We
specifically tested cortisol levels because it, rather than corticosterone,
is the primary glucocorticoid in Syrian hamsters. We injected 18
animals with 0.2 ml subcutaneous (s.c) metyrapone (50 mg/kg or



Fig. 1. Cortisol levels (mean±SD) are shown for hamsters that received an injection of
metyrapone (50 mg/kg, N=6; 100 mg/kg, N=6) or vehicle (0 mg/kg, N=6) prior to a
15-min social defeat. The data indicate that metyrapone treatment blocks defeat-
induced increases in cortisol. The asterisks indicate a significant difference compared to
vehicle controls (pb .05).

Fig. 2. Durations (mean±SEM) of submissive and defensive (sub/def), aggressive,
social, and nonsocial behavior are shown for defeated hamsters during a 5-min test
with a non-aggressive opponent. Animals received vehicle (N=9) or metyrapone
(50 mg/kg, N=10) 90 min prior to social defeat. Metyrapone-treated animals did not
significantly differ from vehicle controls (pN0.05).
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100 mg/kg) or vehicle 90-min prior to a 15-min social defeat. The
doses ofmetyrapone and the delay between injection and social defeat
were adapted from previous research [24]. Metyrapone was dissolved
in polyethylene glycol and diluted with saline to reach a final
concentration of 40% polyethylene glycol. Immediately following
social defeat, hamsters were rapidly decapitated and trunk blood
was collected for cortisol radioimmunoassay (RIA). Trunk blood was
transferred into heparinized tubes kept on ice, centrifuged at 4 °C and
3500 rpm for 20 min, and the plasmawas stored at−20 °C until assay.
The cortisol assay was performed by the Endocrine Core Laboratory,
Yerkes Primate Research Center of Emory University (Atlanta, GA),
using an RIA kit produced by Diagnostic Systems Laboratories
(Webster, TX). All samples were run in duplicate in a single assay.
The normal range for this assay is 0.5–60 μg/dl in a 25 μl sample. Intra-
assay variation was 4.9%.

2.2.2. Metyrapone and conditioned defeat
In this experiment we tested the prediction that systemic

administration of metyrapone would reduce the acquisition of
conditioned defeat. Nineteen adult male hamsters were given a
0.2 ml injection of metyrapone (50 mg/kg; s.c.) or vehicle 90-min
prior to a 15-min social defeat. We used 50 mg/kg of metyrapone
because it was the minimum effective dose validated in the previous
experiment described above. Twenty-four hours after social defeat,
animals were tested for conditioned defeat behavior.

2.2.3. CRF receptor antagonists and conditioned defeat
In this experiment we hypothesized that blockade of CRF-1 and

CRF-2 receptors would reduce the acquisition of conditioned defeat.
To test this hypothesis we used three separate cohorts of animals and
injected a non-selective CRF receptor antagonist (D-Phe CRF(12–41),
Bachem), a selective CRF-2 receptor antagonist (anti-sauvagine-30,
Polypeptide Laboratories), and a selective CRF-1 receptor antagonist
(CP-154,526, courtesy of Pfizer, Groton, CT) into the lateral ventricle.
Drug doses were as follows: D-Phe CRF (0 μg or 25 μg in 3 μl saline);
anti-sauvagine-30 (0 μg, 10 μg or 20 μg in 3 μl saline); and CP-154,526
(0 μg, 10 μg, 20 μg, or 40 μg in 3 μl saline and 15% DMSO). Doses of D-
Phe CRF, anti-sauvagine-30, and CP-154,526 were selected on the
basis of previous research [25–27]. All drugs were infused into the
lateral ventricle 30 min prior to social defeat. We performed infusions
by hand with a 5 μl Hamilton syringe connected to a 33-gauge needle
via polyethylene tubing at a rate of 3 μl per min. The needle remained
in place for an additional 1 min to allow diffusion of the drug solution.
Drug or vehicle was kept separate from the water in the tubing by a
0.5 μl air bubble. Movement of the air bubble down the tubing was
taken as evidence of a successful injection. The dummy stylet was
replaced before social defeat. All animals were tested for conditioned
defeat as described previously.

3. Results

3.1. Blocking glucocorticoid synthesis and the acquisition of conditioned
defeat

3.1.1. Blocking glucocorticoid synthesis with metyrapone
Metyrapone treatment blocked the elevated cortisol levels

exhibited after social defeat (F(2,15)=40.5, pb0.001) (Fig. 1). Post-
hoc analysis revealed that the 50 and 100 mg/kg doses were both
significantly different from vehicle but were not significantly different
from each other (pb .05).

3.1.2. Conditioned defeat and blocking glucocorticoid synthesis
In a subsequent conditioned defeat experiment,weused the lowest

effective dose of metyrapone only (50 mg/kg). When given prior to
social defeat, metyrapone did not significantly alter the duration of
submissive and defensive behavior displayed at testing (t(17)=0.03,
pN0.05) (Fig. 2). Also, metyrapone did not significantly alter the
duration of aggressive, social, or nonsocial behavior during testing
(pN0.05). To account for possible variation in social defeat experience,
wemeasured the strength of social defeat and the response of subjects
to social defeat. Vehicle-treated and metyrapone-treated animals did
not significantly differ in the number of attacks received, in the
duration of aggression received, or in the duration of submissive and
defensive behavior produced during social defeat (pN0.05; Table 1).
3.2. CRF receptor blockade and the acquisition of conditioned defeat

3.2.1. Conditioned defeat and non-selective CRF receptor blockade
Injection of D-Phe CRF into the lateral ventricle prior to social defeat

reduced conditioned defeat behavior at testing (Fig. 3). Specifically,
D-Phe CRF-treated animals displayed less submissive and defensive
behavior at testing than did vehicle controls (t(22)=2.54, p=.019).
D-Phe CRF-treated animals did not significantly differ from controls in
the duration of aggressive, social, or nonsocial behavior during testing
(pN .05). Reduction in the acquisition of conditioned defeat was not
due to systematic variation in social defeat experience. D-Phe CRF
animals and vehicle controls did not significantly differ in the number
of attack received, the total duration of aggression received, or the total
duration of submissive and defensive behavior produced (pN0.05;
Table 1).

image of Fig.�2


Table 1
Effects of drug treatment on social defeat experience. We measured social defeat
strength by recording the frequency of attacks initiated by resident aggressors and the
total duration of aggression subjects received. We measured response to social defeat
by recording the total duration of submissive and defensive (sub/def) behavior subjects
produced. Drug treatments did not significantly alter any social defeat measure. All data
are group means±SEM.

Attacks Aggression Sub/def
(frequency) (s) (s)

Metyrapone treatment
Vehicle 12.8±1.2 427.7±64.4 619.3±23.9
50 mg/kg 14.7±1.5 367.2±49.6 611.3±31.4
α-level pN0.05 pN0.05 pN0.05

D-Phe CRF treatment
Vehicle 12.8±1.2 398.9±27.1 619.4±26.5
25 μg 13.3±1.3 376.2±28.1 633.2±34.1
α-level pN0.05 pN0.05 pN0.05

Anti-sauvagine-30 treatment
Vehicle 14.5±1.5 420.6±26.1 638.7±30.2
10 μg 14.1±1.4 392.6±55.6 654.3±35.3
20 μg 13.9±1.4 414.0±51.1 625.2±29.8
α-level pN0.05 pN0.05 pN0.05

CP-154,526 treatment
Vehicle 13.9±1.2 386.0±37.8 601.7±22.5
10 μg 16.1±1.3 395.2±29.9 636.3±21.7
20 μg 13.6±1.3 375.5±35.7 613.8±35.9
40 μg 15.1±1.1 368.6±31.7 594.6±22.5
α-level pN0.05 pN0.05 pN0.05

Fig. 4. Durations (mean±SEM) of submissive and defensive (sub/def), aggressive,
social, and nonsocial behavior are shown for defeated hamsters during a 5-min test
with a non-aggressive opponent. Animals received an injection of vehicle (N=11) or
anti-sauvagine-30 (10 μg, N=10; 20 μg, N=10) into the lateral ventricle 30 min prior
to social defeat. The asterisk indicates a significant difference compared to vehicle
controls (pb0.05).
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3.2.2. Conditioned defeat and selective CRF-2 receptor blockade
Animals that received 20 μg of anti-sauvagine-30 into the lateral

ventricle prior to social defeat showed reduced conditioned defeat
24 h later (Fig. 4). Specifically, they exhibited significantly less
submissive and defensive behavior during conditioned defeat testing
than did vehicle controls (F(2,28)=3.67, p=.038; Tukey, p=.030). In
contrast, they did not significantly differ from vehicle controls in the
duration of aggressive, social, or nonsocial behavior (pN .05). Variation
in social defeat experience could not account for the effect of anti-
sauvagine-30 treatment on the acquisition of conditioned defeat.
Anti-sauvagine-30 treatment did not alter the number of attacks
subjects received, the total duration of aggression subjects received,
or the amount of submissive and defensive behavior subjects
produced (pN0.05; Table 1).

3.2.3. Conditioned defeat and selective CRF-1 receptor blockade
Injection of CP-154,526 into the lateral ventricle prior to social

defeat did not reduce conditioned defeat behavior during testing
(Fig. 5). Specifically, CP-154,526 did not produce a significant decrease
Fig. 3. Durations (mean±SEM) of submissive and defensive (sub/def), aggressive,
social, and nonsocial behavior are shown for defeated hamsters during a 5-min test
with a non-aggressive opponent. Animals received an injection of vehicle (N=12) or D-
Phe CRF (25 μg, N=12) into the lateral ventricle 30 min prior to social defeat. The
asterisk indicates a significant difference compared to vehicle controls (pb0.05).
in submissive and defensive behavior during conditioned defeat
testing (F(3,39)=0.49, pN .05). Likewise, CP-154,526-treated animals
did not significantly differ from vehicle controls in the duration of
aggressive, social, or nonsocial behavior (pN .05). CP-154,526 treat-
ment did not alter the number of attacks subjects received, the total
duration of aggression subjects received, or the amount of submissive
and defensive behavior subjects produced during defeat training
(pN0.05; Table 1).
3.2.4. Anatomical controls
Several animals received an injection outside the lateral ventricle

and into either the lateral septum or caudate nucleus and these animals
were analyzed as anatomical controls. To increase our sample size, we
pooled vehicle-treated animals from each CRF antagonist experiment,
and we pooled drug-treated animals from the multiple doses of each
drug.We found that noneof theCRF antagonists reduced the acquisition
of conditioned defeat in anatomical controls. Specifically, vehicle
animals showed 107.4 s (±16.4, N=8) of submissive and defensive
behavior, D-Phe CRF animals showed 135.9 s (±24.3, N=2), anti-
sauvagine-30 animals showed 126.8 s (±21.5, N=6), and CP-154,526
animals showed 115.8 s (±19.3, N=3) during conditioned defeat
testing (F(3,15)=0.31, pN .05). Because activation of CRF-2 receptors in
Fig. 5. Durations (mean±SEM) of submissive and defensive (sub/def), aggressive,
social, and nonsocial behavior are shown for defeated hamsters during a 5-min test
with a non-aggressive opponent. Animals received an injection of vehicle (N=12) or
CP-154,526 (10 μg, N=10; 20 μg, N=10; 40 μg, N=11) into the lateral ventricle
30 min prior to social defeat. CP-154,526-treated animals did not significantly differ
from vehicle controls (pN0.05).
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the lateral septum is known to modulate stress-related behavior, we
separately analyzed anatomical controls that received anti-sauvagine-
30 injection into the lateral septum. These animals did not shown
impaired acquisitionof conditioneddefeat (105.2±26.2 s of submissive
and defensive behavior, N=4).

4. Discussion

We found that blocking glucocorticoid synthesis with metyrapone
prior to social defeat failed to reduce the display of submissive and
defensive behavior at conditioned defeat testing. Also, blocking
glucocorticoid synthesis did not alter submissiveness during social
defeat. In contrast, we found that non-selective pharmacological
blockade of CRF receptors prior to social defeat reduced submissive
and defensive behavior during testing. This effect was mimicked by a
selective CRF-2 receptor antagonist but not by a selective CRF-1
receptor antagonist. Taken together, our results suggest that CRF and
related neuropeptides such as urocortins act on CRF-2 receptors to
promote the development of conditioned defeat, whereas glucocor-
ticoid feedback and signaling at CRF-1 receptors play a negligible role
in this behavioral response.

Our results are in contrast to previous research on glucocorticoids
and stress-induced changes in behavior. Others have found that post-
training glucocorticoid treatment in rats enhances memory consolida-
tion for aversive experiences [10,11], whereas blocking glucocorticoid
synthesis impairs it [13,24]. In our study, drug treatments were
administered prior to social defeat training so that we could target the
acquisition of conditioned defeat. Pre-training drug treatments are
common in Pavlovian fear conditioning, learned helplessness, and other
models of stress-induced changes in behavior. However, pre-training
drug treatments do not exclude the possibility that drugs might alter
fear, anxiety, or attentional processes during memory acquisition. It
seems unlikely that pre-training drug administration accounts for the
failure ofmetyrapone to alter the formationof conditioneddefeat, partly
because pre-training glucocorticoid treatment enhances the acquisition
of other types of stress-induced changes in behavior [9]. Also, our
metyrapone results are consistent with our previous research that
indicates a limited role for cortisol in the development of conditioned
defeat [25]. Also, cortisol appears insufficient to alter conditioned defeat
behavior in female Syrian hamsters. We have shown that female
hamsters exhibit robust increases inplasmaACTHand cortisol following
social defeat, yet they display very little conditioned defeat behavior
[23].

Our results are consistentwith the overall effects of CRF and related
neuropeptides on stress-induced changes in behavior. Intracerebro-
ventricular administration of urocortin,which is an endogenous ligand
for both CRF-1 and CRF-2 receptors [28], has been shown to facilitate
both the acquisition and consolidation of passive avoidance learning
[29]. Although our results suggest that blocking CRF receptors reduces
the acquisition of conditioned defeat, facilitating the acquisition of
conditioned defeat by activating CRF receptors has beenmore difficult
to demonstrate. Our lab found that intracerebroventricular adminis-
tration of a non-selective CRF receptor agonist prior to social defeat did
not enhance the acquisitionof conditioneddefeat [30]. Our data onCRF
agonists and antagonists together suggest that activation of CRF
receptors is necessary but not sufficient for the acquisition of
conditioned defeat. It seems likely that non-CRF mechanisms also
play an important role in the acquisition of conditioned defeat and that
signaling at CRF receptors alone does not provide a sufficient
neurochemical representation of a social defeat experience.

Both CRF-1 and CRF-2 receptors have been shown to modulate
behavioral changes that occur following stressful events. Activation of
CRF-1 receptors in the hippocampus and BLA appear to enhance the
formation of memories for aversive events [17,18,31,32]. In our study,
intracerebroventricular administration of a CRF-1 receptor antagonist
failed to alter the acquisition of conditioned defeat. One possible
explanation for our results is that the drug did not travel to its site of
action in sufficient concentration. One potential site of action for CRF
ligands is the dorsal raphe nucleus [33,34]. We have previously shown
that injection of a non-selective CRF receptor antagonist into the
dorsal raphe nucleus reduces the acquisition of conditioned defeat in
hamsters, although a selective CRF-2 receptor antagonist does not
[35]. These results leave open a possible role for CRF-1 receptors in the
dorsal raphe nucleus, although CP-154,526 may not have reached this
brain region in our study.

The activation of CRF-2 receptors has been shown to both enhance
and impair stress-induced changes in behavior. Activation of CRF-2
receptors in the lateral septum impairs the acquisition of conditioned
fear, perhaps because CRF-2 receptor activation in the lateral septum
enhances anxiety [17,36,37]. In contrast, activation of CRF-2 receptors
in brain regions outside the lateral septum enhances the formation of
stress-induced changes in behavior. For example, injection of a CRF-2
receptor antagonist into the dorsal hippocampus of mice prevents
stress-enhanced fear conditioning [19]. Also, injection of a CRF-2
receptor antagonist into the dorsal raphe nucleus of rats reduces the
acquisition of learned helplessness [20].

Candidate brain regions for mediating the effect of CRF-2 receptor
blockade on the acquisition of conditioned defeat include the BLA,
hippocampus, medial amygdala, bed nucleus of the stria terminalis
(BNST), and lateral septum. The BLA is a critical neural substrate for
the plastic changes that underlie the acquisition of conditioned defeat
[38–40]. In rats and mice, CRF-1 receptors in the BLA modulate the
formation of stress-induced behavioral changes [18,32]. It is unclear
whether BLA CRF-2 receptors can modulate similar processes in
hamsters. We have shown that neural transmission in both the
hippocampus and medial amygdala contributes to the acquisition of
conditioned defeat, likely via their respective connections with the
BLA [39,41]. Interestingly, CRF-2 receptors in both brain regions may
contribute to behavioral changes that occur following stressful events.
For example, stress-enhanced fear conditioning is disrupted by CRF-2
receptor blockade in the hippocampus [19]. Also, social defeat
activates medial amygdala cells that express CRF-2 receptor mRNA
[42]. We have previously shown that pharmacological blockade of
CRF-2 receptors in the BNST prior to testing reduces the expression of
conditioned defeat [26]. A role for BNST CRF-2 receptors in the
acquisition of conditioned defeat appears unlikely because temporar-
ily inactivating the BNSTwithmuscimol fails to alter the acquisition of
conditioned defeat [43]. The lateral septum is also an unlikely
candidate partly because CRF-2 receptor activation in the lateral
septum impairs the acquisition of conditioned fear [17], whereas our
results suggest that CRF-2 receptor activation enhances the acquisi-
tion of conditioned defeat. Also, our anatomical control data suggest
that CRF-2 receptors in the lateral septum did notmediate the effect of
intracerebroventricular anti-sauvagine-30 injection.

The present findings improve our understanding of the neuro-
chemical signals that modulate experience-dependent changes in
behavior that occur in hamsters following stressful events. Our results
indicate that CRF-2 receptors are an important component of the
neural circuitry controlling the acquisition of conditioned defeat,
whereas CRF-1 receptors and glucocorticoid feedback are not. Our
results do not support long held assumptions that glucocorticoid
feedback consistently functions to modulate ongoing and future
behavior [7]. Rather they suggest that activation of CRF-2 receptors, by
peptides such as urocortin 2 [44] and urocortin 3 [45], modulates
behavioral responses to stressful events.
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