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a b s t r a c t
The selective antagonist at the CRF1 receptor, SSR125543, has been shown to produce anxiolytic-like effects
in a number of animal models. The aim of the present study was to verify whether these effects are mediated
by an action on the hypothalamic pituitary adrenal (HPA) axis. SSR125543 effects were evaluated in a mouse
model of post-traumatic stress disorder. Animals received two unavoidable electric foot-shocks (1.5 mA/2 s).
Two weeks later they were placed in the shock context and fecal and plasma corticosterone levels were measured by enzyme-immunoassay. Their cognitive performances were evaluated using the object recognition
task following administration of SSR125543 at 3, 10 and 30 mg/kg or paroxetine at 20 mg/kg (i.p.), used as
positive control. To assess the involvement of the HPA axis in the drug effects, a separate group of animals
was subjected to the same procedure and drug regimen, but was treated with dexamethasone to blunt the
HPA axis. Stressed mice had higher levels of corticosterone following re-exposure to the context and displayed impaired cognitive performance as compared to control animals. Corticosterone levels were normalized in stressed mice by SSR125543 and the cognitive deﬁcit was signiﬁcantly attenuated by SSR125543 and
paroxetine, whether the HPA axis was blunted or not. These ﬁndings conﬁrm that SSR125543 is able to attenuate the deleterious effects of stressful exposure. Importantly, the observation that these effects were still
present in dexamethasone-treated mice indicates that this action does not necessarily involve pituitaryadrenal axis blockade, thereby suggesting that extra-pituitary CRF1 receptors may play a role in these effects.
© 2012 Elsevier Inc. All rights reserved.

1. Introduction
Corticotropin-releasing factor (CRF) is a 41 amino acid neuropeptide which has been identiﬁed as the main physiological regulator of
stress. CRF is synthesized in neurons of the paraventricular hypothalamic nucleus and released into the pituitary portal blood where it triggers the secretion of adrenocorticotropin (ACTH) from the anterior
lobe. Subsequently, corticosterone (in rodents) or cortisol (in human)
is secreted from the adrenal cortex into blood and exerts a negative
feedback on the hypothalamic pituitary adrenal (HPA) axis (Sapolsky
and McEwen, 1985; De Kloet, 2000). Besides its function as a major
physiological regulator of the HPA system, CRF plays a neuromodulatory
role. CRF-containing neurons and receptors are found in brain areas involved in stress responses, including the amygdala, the lateral septum,

Abbreviations: ACTH, adrenocorticotropin; CM, corticosterone metabolite; CRF, corticotropin releasing factor; DEX, dexamethasone; EIA, enzyme-immunoassay; HPA, hypothalamic pituitary adrenal; ORT, object recognition task; PTSD, post-traumatic stress disorder.
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E-mail address: guy.griebel@sanoﬁ.com (G. Griebel).
0091-3057/$ – see front matter © 2012 Elsevier Inc. All rights reserved.
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the locus coeruleus and the brainstem raphe nuclei (Keegan et al.,
1994; Van Pett et al., 2000; Holmes et al., 2003). Studies in animals
have shown that central administration of CRF or CRF fragments to
rodents as well as CRF overexpression in transgenic mice resulted
in increased anxiety- and depression-like behaviors (Stenzel-Poore
et al., 1994).
Two CRF receptors have been identiﬁed, namely CRF1 and CRF2.
The peptide acts predominantly through the CRF1 subtype to modulate anxiety- and depression-related responses, an observation
which resulted in extensive validation of the CRF1 receptor as potential drug target and the discovery of several selective non-peptide
CRF1 receptor antagonists (Holsboer and Ising, 2008). Among the
most investigated CRF1 receptor antagonists is SSR125543, which
has been reported to produce anxiolytic- and antidepressant-like
effects in a variety of rodent models. For example, the compound reduced anxiety-like behaviors in models involving inescapable stress,
such as conﬂict procedures, following social defeat or predator exposure (Griebel et al., 2002). In addition, SSR125543 produced
antidepressant-like effects in several procedures in rodents (Griebel
et al., 2002), including the forced swimming test (Overstreet and
Griebel, 2004) and the chronic mild stress (Alonso et al., 2003;
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Surget et al., 2008, 2009). A recent study also demonstrated that
SSR125543 prevented cognitive impairment induced by predator exposure in mice (Urani et al., 2011).
Nevertheless, the question whether the effects of the compound on
emotionality involve an action on the HPA axis, on extra-pituitary CRF1
receptors or on both, still remains unclear. Multiple lines of evidence
suggest that a dysregulation of the HPA axis plays an important role
in the pathogenesis of mood and anxiety disorders. Both clinical and
preclinical studies support the view that CRF may be hypersecreted
from the hypothalamus in anxiety disorders and report a blunted
ACTH response to CRF challenge in depressed patients (Gold et al.,
1986; Holsboer, 1986; Belzung and Billette de Villemeur, 2010). Elevated levels of CRF in cerebrospinal ﬂuid and plasma have been found in
patients suffering from post-traumatic disorder (PTSD) (Baker et al.,
1999; Bremner et al., 1997; de Kloet et al., 2008). One plausible mechanism is down-regulation of pituitary CRF receptors, presumably secondary to increased hypothalamic CRF release. Preclinical studies also
suggest that CRF effects are rather mediated by CRF receptors present
in the brain. Indeed, intracerebroventricular administration of CRF
was shown to produce physiological and behavioral alterations similar
to those observed in laboratory animal in response to stress; however
these effects were not observed after systemic administration of CRF
and were not blocked by hypophysectomy, vagotomy, adrenalectomy
or pretreatment with dexamethasone (Griebel, 1999). In addition,
Muller et al. (2003), studying conditional CRF1 receptor knockout
mouse line, showed that limbic CRF1 receptor modulates anxietyrelated behavior and that this effect is independent of HPA system
function. Moreover, Lu et al. (2008) reported that the administration
of a CRF1 receptor antagonist was able to revert abnormal active
stress-coping behavior and to blunt the hypersensitive HPA responses
induced by stress on conditional mouse model of CRF brain overexpression, suggesting that extra-hypothalamic CRF1 receptors are implicate in these responses.
In this context, the aim of the present study was to verify whether
the anxiolytic-like effects of the CRF1 receptor antagonist SSR125543
are mediated by a direct action on CRF1 receptors located within components of the HPA axis. We used a recently established mouse model
of PTSD (Philbert et al., 2011), which is based on the exposure of mice
to electric foot-shocks, followed two weeks later by the assessment of
their cognitive performance in the object recognition task (ORT). The
rationale of investigating the effects of stress on cognitive function
originates from the observation that PTSD patients display alterations
in cognitive processes, such as an impairment in non trauma-related
episodic memory performance (for review see Brewin et al., 2007).
The ORT assesses short-term visual episodic memory (Dodart et al.,
1997; Ennaceur and Delacour, 1988). It is based on the natural tendency of rodents to explore a novel object more than a familiar one and it
has the advantage of not involving goal-oriented behaviors (e.g., reward, escape). Our previous study has demonstrated that foot-shock
stress produced a signiﬁcant impairment in recall performance in this
test two weeks later (Philbert et al., 2010). The effects of SSR125543
were tested in intact animals and in mice treated by the synthetic glucocorticoid agonist, dexamethasone, in order to blunt the HPA axis. In a
parallel experiment using a similar procedure, corticosterone levels
were measured following re-exposure to the shock apparatus, two
weeks after the application of stress, and the ability of SSR125543 to
normalize stress-induced changes in corticosterone levels was assessed.
The prototypical 5-HT reuptake inhibitor (SSRI), paroxetine, was used
as a positive control throughout experiments.

individually in plastic cages (30 cm × 18 cm × 18 cm) with free access
to food and water ad libitum. They were maintained at a constant
temperature of 21 ± 1 °C, humidity at 50 ± 10% and under a 12:12
light/dark cycle (light on at 7:00 a.m.). Experiments were conducted
in accordance with the “Guide and Care and Use of Laboratory
Animals” (National Institute of Health) and were approved by the internal Animal Ethics Committee.
2.2. Shock application
Animals were placed into the shock chamber for a 190-s habituation period following which two electric foot-shocks (1.5 mA; for 2 s;
6 s apart) were delivered through the metal grid ﬂoor. Animals
remained in the shock chamber for another 60-s period before they
were returned to their home cage. Control animals were exposed to
the same procedure, but without receiving any foot-shock.
2.3. Drug administration
Paroxetine (Sigma-Aldrich, CAS 110429-35-1), dexamethasone
(Sigma-Aldrich, CAS 50-02-2), and SSR125543, synthesized by Sanoﬁ
Medicinal Chemistry, were suspended in saline with methylcellulose
(0.6%) and Tween 80 (0.1%). Paroxetine and SSR125543 were administered via intraperitoneal (i.p.) route and dexamethasone (DEX) was
given subcutaneously (s.c.). Concentrations were adjusted to administer a ﬁnal volume of 10 ml/kg of body weight. Control animals received vehicle administration, i.e. saline with methylcellulose (0.6%)
and Tween 80 (0.1%).
2.4. Assessment of corticosterone levels
2.4.1. Collection of feces, extraction procedure and analysis of fecal
corticosterone metabolites
The collected fecal samples were analyzed for immunoreactive
corticosterone metabolites (CM) using a 5α-pregnane-3β,11β,21triol-20-one enzyme immunoassay (EIA). Before EIA analysis, the
fecal samples were dried and homogenized, and aliquots of 0.05 g
were extracted with 1 ml of 80% methanol. Details of the extraction
procedure and the assay performance have been described by
Touma et al. (2003, 2004).
Data were analyzed using a two-way ANOVA with repeated measures with stress and delay as variables followed by a post-hoc complementary analysis on stress effect for each level of factor delay
(Winer analysis). A Student's t-test was performed to analyze the effect of the delay from context re-exposure on CM levels in stressed
and control mice.
2.4.2. Blood collection and corticosterone level analysis
Blood was sampled between 10:00 and 11:30 a.m. by cardiac
puncture under isoﬂurane anesthesia (3.5%) and collected into Microvette® 500 LH-Gel tubes. Plasma was separated from whole blood by
centrifugation (5 min, 10,000 g) and stored in low-binding Eppendorf
tubes at −20 °C until analyzed. On the day of the assay, samples were
diluted in buffer (1/40). Corticosterone levels were then analyzed in
diluted plasma by a corticosterone EIA kit (Enzo® Life Sciences,
Catalog No. ADI-900-097) according to the manufacturer's instructions using Victor™2 counter plate reader for photometry (Wallac,
1420 Multilabel Counter). The sensitivity threshold of the assay was
27 pg/ml. Statistical analyses were performed using two-way ANOVAs using stress and treatment as variables.

2. Material and methods
2.5. Object recognition task (ORT)
2.1. Animals
Swiss male mice (Janvier, Le Genest St-Isle, France) weighing 20 to
22 g at the start of the experiment were used. They were housed

The test took place in a square open-ﬁeld, which consisted of a
uniformly lit (20 ± 2 lx) plexiglass enclosure (52 × 52 × 40 high cm).
The objects to be discriminated were a metal triangle and a plastic
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piece of construction game. During the ﬁrst session, Swiss mice were
allowed to become familiar with the experimental environment for
7 min and the time spent in activity was measured. Twenty-four
hours later, mice were again placed in the enclosure in the presence
of two identical objects until they reached 15 s of object exploration
(acquisition session). Exploration of an object was deﬁned as pointing
the nose to the object at a distance of less than 2 cm and/or touching
it with the nose. After a 60-min interval, mice were placed again in
the enclosure with a previously presented familiar object and a new
one for 5 min (retrieval session). Time spent exploring the familiar
and the new objects was recorded. Combinations of orders of presentation and locations of objects were balanced to reduce potential
biases owing to spatial or object preferences. Under a short-term
inter-trial procedure, animals spent more time exploring the new object compared to the familiar one, reﬂecting a remembering of the familiar one. Animals displaying impaired recall performance spent the
same amount of time exploring both objects, indicating a forgetting of
the familiar object (short-term visual memory deﬁcit) (Fig. 1).
The following parameters were analyzed: (a) time to reach 15 s of
exploration of the 2 identical objects in the acquisition session;
(b) time of exploration of each object during retrieval session;
(c) total time of exploration (sum of both object exploration times)
and (d) the ratio of the time exploring the new object of the total
time of exploration. For exploration time, data were analyzed using a
two-way ANOVA with repeated measures with object as a ﬁxed factor
to analyze the ability of animals to discriminate between the familiar
and the novel objects. Effect of object factor was then analyzed by
Winer analysis for each level of group factor. A Student's t-test vs 0.5
(chance level value) was performed to analyze the ratios. For the
time to reach 15 s of exploration during acquisition and the total
time of exploration during retrieval session, a one-way ANOVA was
performed to analyze the differences between groups, followed by a
Dunnett's post-hoc analysis.

2.6. Experimental procedures
Experiment 1 examined the effect of re-exposure to the shock context on CM levels. Thirteen days after foot-shock application, mice
were placed again at 9 a.m. (+/− 10 min) for 1 min into the shock
apparatus, before being returned to their homecage. Four, six, eight
and ten hours later, cage sawdust was changed. Feces samples were
collected either 6 to 8 (3 to 5 p.m.) or 8 to 10 (5 to 7 p.m.) h after
the context re-exposure for CM analysis.
Experiment 2 tested whether acute SSR125543 treatment reduces
corticosterone level increase induced by re-exposure to the shock
context. Mice received one administration of SSR125543 at
10 mg/kg (i.p) or vehicle at day 13 following acute inescapable stress
exposure. One hour later, they were re-exposed to the shock apparatus for 1 min. Blood was sampled 15 min after re-exposure to the
shock context for corticosterone analysis.
Experiment 3 evaluated the cognitive performance of stressed mice
using the ORT following acute administration of SSR125543 (3, 10 or
30 mg/kg, i.p.) or paroxetine (20 mg/kg, i.p.). The test was performed
at days 14 and 15 following the stress procedure. Treatments were
administered 1 h before session 2 (acquisition) of the ORT. In parallel,
a control experiment was performed in non-stressed mice to determine potential effects of SSR125543 (30 mg/kg) or paroxetine
(20 mg/kg) on cognitive performance per se.
Experiment 4 investigated whether the effects of SSR125543 on
stress-induced alterations of cognitive performance in the ORT are
mediated by an action on the HPA axis. Animals were subjected to
the procedure described in experiment 3, but they were treated
with DEX (500 μg/kg, s.c.) to blunt the HPA axis 90 min before treatment administration (i.e. paroxetine at 20 mg/kg, SSR125543 at
10 mg/kg or vehicle, i.p.).
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Experiment 5 assessed the ability of the DEX dose tested to blunt
the HPA axis. Blood was collected 90 min after DEX (500 μg/kg, s.c.)
or vehicle (methylcellulose 0.6%, NaCl 0.9%) administration to assess corticosterone baseline level in stressed and non-stressed
mice.
3. Results
3.1. Experiment 1: effects of acute inescapable stress exposure on fecal
CM levels in mice
Since the time-course of CM excretion has been shown to be around
8 to 10 h in mice (Touma et al., 2003), feces were collected either 6 to
8 or 8 to 10 h after re-exposure to the shock context for CM analysis.
CM levels were not signiﬁcantly different between samples collected
from control and stressed mice 6 to 8 h after re-exposure to the shock
context (Fig. 2A: F(1;54) =3.192, p=0.0777). CM levels were signiﬁcantly
increased in samples collected between 8 and 10 h post-context
re-exposure when compared to samples collected between 6 and 8 h
(Fig. 2A: F(1;54) =13.193, p=0.0006 and F(1;54) =41.135, pb 0.0001
for control and stressed groups, respectively). Further analysis showed
that the CM increase was higher in stressed than in control mice
(Fig. 2B: t=−2.831, p=0.0065) which results in higher CM levels in
stressed mice compared to controls when samples were performed
between 8 and 10 h post-context re-exposure (Fig. 2A: F(1;54) =3.192,
p=0.0004).
3.2. Experiment 2: effects of SSR125543 on the increase in corticosterone
levels following stress exposure
In line with the previous experiment measuring CM level in feces,
plasma levels of corticosterone were signiﬁcantly higher in vehicletreated stressed mice compared to non-stressed controls following reexposure to the stress context (Fig. 3: F(1;45) =4.186, p=0.0466).
SSR125543 given at 10 mg/kg (i.p.) 1 h before context re-exposure,
prevented the increase in plasma corticosterone in stressed mice (Fig. 3:
F(1;45) =10.784, p=0.0020). In non-stressed mice, SSR125543 had no
signiﬁcant effect on baseline corticosterone levels (Fig. 3: F(1;45) =2.293,
p=0.1370, vehicle- vs SSR125543-treated non-stressed mice).
3.3. Experiment 3: effects of SSR125543 on long-term cognitive deﬁcit
induced by acute inescapable stress in untreated mice
Under control conditions (no stress, vehicle treatment), mice
spent more time exploring the new object than the familiar one
(Fig. 4A: F(1;85) = 30.387, p b 0.0001) with a discrimination ratio signiﬁcantly different from the chance value 0.5 (Fig. 4B: t = 5.212,
p = 0.0002). Conversely, mice previously exposed to electrical footshocks two weeks before the ORT spent the same amount of time exploring the new and the familiar objects (Fig. 4A: F(1;85) = 0.383,
p = 0.5376), indicating that stressed mice did not discriminate between the two objects.
The administration of SSR125543 1 h before the learning session
did not affect the discrimination ratio in non-stressed animals during
recall (Fig. 4A: F(1;85) = 6.660, p = 0.0116; Fig. 4B: t = 2.980,
p = 0.0125). However, it prevented signiﬁcantly the effects of stress
exposure at all three doses tested (i.e. 3, 10 and 30 mg/kg, i.p.) as it
increased the amount of time spent investigating the novel object
compared to the familiar one (Fig. 4A: F(1;85) = 4.929, p = 0.0291;
F(1;85) = 7.138, p = 0.0090; F(1;85) = 6.376, p = 0.0134 for 3, 10 and
30 mg/kg, respectively). Expressed as a ratio, the relative time of exploration of the novel object was different from the chance value
0.5 for SSR125543-treated stressed groups (Fig. 4B: t = 3.439,
p = 0.0055; t = 4.166, p = 0.0016; t = 2.689, p = 0.0227, for 3, 10
and 30 mg/kg, respectively).
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Fig. 1. Experimental design.

Paroxetine treatment (20 mg/kg, i.p.) produced a signiﬁcant effect
in non-stressed mice, as they were unable to discriminate between
the two objects during recall (Fig. 4A: F(1;85) = 3.191, p = 0.0776),
they spent less time exploring objects (Table 1: F(7;85) = 2.50,
p = 0.0016) and the ratio was not different from chance value
(Fig. 4B: t = 2.165, p = 0.0532). However, when administered to
stressed mice, paroxetine prevented the stressed-induced deﬁcit in
object discrimination (Fig. 4A: F(1;85) = 8.955, p = 0.0036; Fig. 4B:
t = 3.339, p = 0.0087).
In stressed mice, neither drug treatment modiﬁed signiﬁcantly
time to reach 15 s of object exploration during acquisition and total
exploration during retrieval (Table 1), suggesting that the effects of
SSR125543 and paroxetine have not been contaminated by motor
effects.

3.4. Experiments 4 and 5: effects of SSR125543 on long-term cognitive
deﬁcit induced by acute inescapable stress in DEX-treated mice
DEX-treated mice exhibited a signiﬁcant decrease in plasma corticosterone levels compared to vehicle-treated mice (Fig. 5: F(1;43) =
7.613, p = 0.0085). Winer analysis indicated that corticosterone
levels were signiﬁcantly decreased in DEX-treated stressed mice
compared to vehicle-treated stressed animals (Fig. 5: F(1;43) = 7.325,
p = 0.0097), whereas DEX-treated non-stressed mice exhibited only
a non-signiﬁcant tendency to a decrease in corticosterone levels

compared to vehicle-treated control mice (Fig. 5: F(1;43) = 1.634,
p = 0.2080).
DEX treatment did not affect performance of mice in the ORT as
non-stressed mice were able to discriminate between both objects
during the recall session, (Fig. 6A: F(1;53) = 23.907, p b 0.0001;
Fig. 6B: t = 5.111, p = 0.0006) and as DEX-treated stressed mice displayed similar impaired episodic memory to stressed controls
(Fig. 6A: F(1;53) = 1.800, p = 0.1854) with a discrimination ratio not
different from the chance value 0.5 (Fig. 6B: t = 1.846, p = 0.0979).
The administration of SSR125543 (10 mg/kg, i.p.) was devoid of effect
in DEX-treated non-stressed mice, animals being able to discriminate
between the two objects (Fig. 6A: F(1;53) = 13.069, p = 0.0007). As
was the case in the previous experiment, paroxetine (20 mg/kg,
i.p.), here administered to DEX-treated non-stressed mice produced
an impairment in episodic memory. When tested in DEX-treated
stressed mice, both compounds prevented the occurrence of cognitive deﬁcit as shown by the amount of time investigating the novel
object compared to the familiar one (Fig. 6A: F(1;53) = 4.538,
p = 0.0378; F(1;53) = 6.908, p = 0.0112 for paroxetine- and or
SSR125543-treated groups, respectively). Expressed as a ratio, the
relative time of exploration of the novel object was different from
the chance value 0.5 (Fig. 6A: t = 3.522, p = 0.0065; t = 5.677,
p = 0.0003 for paroxetine- and SSR125543-treated groups, respectively). The time to reach 15 s of object exploration during acquisition
and total exploration during retrieval was not signiﬁcantly affected by
the drug treatments (Table 2).

Fig. 2. Effect of re-exposure to the shock context on CM levels in control and stressed mice. (A) Data represent mean concentrations of fecal CM expressed in ng/50 mg feces
(± s.e.m.). §§§p b 0.001 ﬁrst (6–8 h) vs second (8–10 h) fecal samples. (B) Bars represent mean (± s.e.m.) fecal CM concentration increase between the ﬁrst and the second fecal
samples in control and stressed mice. ***p b 0.001 control vs stressed mice. (n = 27–29).
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Table 1
Activity measures after drug administration during the acquisition session (time to
reach 15 s exploration) and during the retrieval session (total time exploration).

Control mice

Stressed mice

Fig. 3. Effect of re-exposure to the shock context on plasma corticosterone levels in
acute SSR125543-treated mice. Bars represent means (± s.e.m.) of plasma corticosterone concentration. *p b 0.05, ***p b 0.001 between line-connected groups. (n = 12–13).

4. Discussion
The main objective of this study was to verify whether the
anxiolytic-like effects of the CRF1 receptor antagonist, SSR125543, in
a mouse model of traumatic stress exposure involve an action on
the HPA axis. Results demonstrated that the blunting of the HPA
axis did not alter the action of the drug on the long-lasting cognitive
deﬁcit induced by stress, thereby suggesting that extra-pituitary CRF1
receptors may have been involved in these effects.
The assessment of corticosterone levels showed that when reexposed to the traumatic context thirteen days after the stress (i.e.
two electric foot-shocks of 1.5 mA), stressed mice exhibited greater
corticosterone levels compared to controls. This observation was
supported by both investigations of corticosterone in blood samples
and CM levels in feces. It is important to note that baseline levels of
corticosterone did not differ between control and stressed mice and
that CM levels were not signiﬁcantly different between both groups
when collected between 6 and 8 h following context exposure. This
later observation ﬁts well with the ﬁndings of Touma et al. (2003)
who reported that the peak concentration of radioactivity was observed only about 10 h after [ 3H]-corticosterone injection in mice.
Previous studies have reported long-lasting HPA axis disturbance following acute stress exposure by measuring corticosteroids in response to the same (Marti et al., 2001; Munoz-Abellan et al., 2011)
or to novel stressors (Belda et al., 2008). Increased corticosterone
levels upon re-exposure to the shock context have been reported by
Hagewoud et al. (2011) in rats 24 h after the stress. In the present
study, the corticosterone level increase following re-exposure to the

⁎⁎

Treatment

n

Time to reach
15 s of object
exploration (s)

Sum of object
exploration during
retrieval (s)

Vehicle
SSR125543 (30 mg/kg)
Paroxetine (20 mg/kg)
Vehicle
SSR125543 (3 mg/kg)
SSR125543 (10 mg/kg)
SSR125543 (30 mg/kg)
Paroxetine (20 mg/kg)

13
12
12
11
12
12
11
10

146.1 ± 14.4
142.1 ± 14.05
249.8 ± 33.23
150.2 ± 17.43
191 ± 31.06
172 ± 15.59
186.3 ± 22.37
206.8 ± 20.9

21.9 ± 2.22
18.3 ± 1.98
12.2 ± 1.36⁎⁎
15.4 ± 1.36
16 ± 2.32
16 ± 1.63
14.5 ± 1.3
15.6 ± 1.93

p b 0.01 vs vehicle-treated unstressed group.

shock context was still present when measured two weeks after the
initial stress. These results parallel clinical observations which report
increased cortisol levels during confrontation with trauma reminders
(Gola et al., 2012; Elzinga et al., 2003).
The behavioral ﬁndings showed that the application of electric
foot-shocks led to an impairment in episodic memory two weeks
later. Although cognitive deﬁcits in rodents following stress exposure
have been reported many times, most of these studies used either
chronic stress (Yun et al., 2010; Elizalde et al., 2008; Wang et al.,
2011a), early-life stress (Oitzl et al., 2000; Aisa et al., 2007; Rice et
al., 2008; Wang et al., 2011b) or have observed the deﬁcit immediately following an acute stress exposure (Urani et al., 2011; Sandi et al.,
2005; Diamond et al., 1999, 2006; Morrow et al., 2000). To the best
of our knowledge, only one study has reported cognitive impairment
that persisted over time following a one time predator exposure (El
Hage et al., 2006a). The current ﬁndings of long-term memory deﬁcit
following traumatic stress exposure may be reminiscent of some aspects of the cognitive impairment observed in humans suffering
from PTSD. Indeed, a large number of clinical studies have reported alterations in learning and memory in patients with PTSD (Vasterling et
al., 2002; Brewin et al., 2007; El Hage et al., 2006b).
The drug experiments showed that the SSRI, paroxetine, given 1 h
before the learning session, attenuated the cognitive deﬁcit induced
by stress. SSRIs are widely used for the treatment of PTSD, including
its cognitive symptoms (Bremner and Vermetten, 2004; MeltzerBrody et al., 2000; Stein et al., 2009). The current data are in line
with those reported previously by El Hage et al. (2004) and Urani et
al. (2011) showing that acute SSRI treatment was able to prevent episodic memory deﬁcit in the object recognition test two days following unavoidable cat exposure and in a modiﬁed version of the ORT,
respectively. In contrast, acute paroxetine administration impaired

Fig. 4. Effects of SSR125543 (SSR) and paroxetine (PAX) treatment on short-term episodic memory impairment induced by an acute inescapable stress in mice. (A) Bars represent
mean (± s.e.m.) of time spent exploring new and familiar objects. *p b 0.05, **p b 0.01, ***p b 0.001 new vs familiar object. (B) Bars represent mean (± s.e.m.) of novelty index, i.e. the
ratio of the time spent exploring the new object on the sum of time exploring the two objects. *p b 0.05, **p b 0.01 and ***p b 0.001 vs 0.5. (n = 10–13).
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Table 2
Activity measures after drug administration during the acquisition session (time to
reach 15 s exploration) and during the retrieval session (total time exploration).

Control mice

Stressed mice

Fig. 5. Effects of DEX on corticosterone levels two weeks after inescapable stress in
mice. Bars represent means (± s.e.m.) of plasma corticosterone concentration.
**p b 0.01 between vehicle- and DEX-treated groups. §§p b 0.01 between vehicle- and
DEX-treated stressed groups (n = 12–13).

memory performance in unstressed mice. This result was previously
reported in the ORT by Naudon et al. (2007) and may be due to anticholinergic side effects (Fujishiro et al., 2002). The CRF1 receptor antagonist, SSR125543, also reversed the cognitive deﬁcit induced by
acute stress in the absence of effect on cognition per se. This ﬁnding
is consistent with a recent study which reported that SSR125543
prevented cognitive impairment induced by predator stress exposure
(Urani et al., 2011). Moreover, another study has explored recently
the potential effect of a CRF1 receptor antagonist on cognitive processes following cat exposure stress (Adamec et al., 2010). They
showed that CRF1 receptor blockade can interfere with the acquisition and consolidation of stressor effects on startle and returns risk
assessment to baseline levels in stressed mice. These ﬁndings demonstrate the role of CRF1 receptors in initiation and post-trauma consolidation of predator stress effect on anxiety-like behavior. These
studies along with our data support the idea that CRF1 antagonists
can attenuate the deleterious effects of traumatic stress exposure
and, as such, may be useful for the treatment of PTSD.
In the experiments where corticosterone levels were assessed, the
administration of SSR125543 1 h before re-exposure to the stress
context signiﬁcantly reduced stress-induced corticosterone release,
a ﬁnding which conﬁrms a previous study showing that the drug decreased restraint-stress induced ACTH secretion (Gully et al., 2002). It
is therefore tempting to suggest that the beneﬁcial effect of
SSR125543 on cognition in stressed mice may involve an action of
the drug on the HPA axis. Preventing CRF, ACTH and glucocorticoids
to exert their action has been suggested to be a possible strategy for

Treatment

n

Time to reach
15 s of object
exploration (s)

Sum of object
exploration during
retrieval (s)

DEX
DEX + paroxetine
DEX + SSR125543
DEX
DEX + paroxetine
DEX + SSR125543

10
9
10
10
10
10

154.7 ± 13.5
235 ± 42.65
157.4 ± 16.86
197.4 ± 38
253.9 ± 37.80
167.3 ± 19.95

21.3 ± 1.64
14.7 ± 2.21
21.4 ± 2.74
15.8 ± 2.61
14.7 ± 2.41
17.5 ± 2.42

short circuiting the deleterious effect of stress (Holsboer and Ising,
2008). To investigate this possibility, we have tested the effects of
SSR125543 in HPA-blunted mice subjected to the same experimental
stress procedure. DEX, a potent glucocorticoid, was used to cause suppression of the HPA axis. Note that this treatment did not affect memory performance in both control and stressed mice. However, the
corticosterone suppression following DEX administration was more
important in stressed than in control mice. This latter observation is
in line with reported clinical data from PTSD patients, which demonstrated signiﬁcantly more salivary cortisol suppression in these
patients compared to healthy controls in response to DEX administration (De Kloet et al., 2007). Our drug experiment showed that the
cognitive-normalizing effects of SSR125543 following stress were
still present in DEX-treated mice. This result suggests that extrapituitary CRF1 receptors may have been involved in the action of
SSR125543. This hypothesis is consistent with the results of Ivy et
al. (2010) who reported that central or peripheral administration of
a CRF1 receptor blocker improved memory performance of early-life
stressed rats in the ORT and prevented dendritic atrophy in the
hippocampus.
These results also raise the question whether the action of stress
on memory retrieval involves to some extent the HPA axis. Our data
indicate that the blockade of the HPA axis with DEX in stressed
mice did not modify memory performance. Zhou et al. (1996) showed
that DEX treatment produced a signiﬁcant decrease in CRF1 receptor
mRNA levels in the anterior pituitary, but not in extra-pituitary
brain regions in rats. Similarly, Britton et al. (1986a) and Britton et
al. (1986b) showed that DEX treatment, while suppressing the activity of the HPA axis, did not modify the behavioral effects of centrallyadministered CRF. More recently, studies on conditional knockout
mice in which CRF1 receptor function was inactivated only in anterior
forebrain and limbic structures allowed Muller et al. (2003) to

Fig. 6. Effects of SSR125543 on short-term episodic memory impairment induced by an acute inescapable stress in DEX-treated mice. (A) Bars represent mean (±s.e.m.) of time
spent exploring new and familiar objects. *p b 0.05 and ***p b 0.001 new vs familiar object. (B) Bars represent mean (± s.e.m.) of novelty index, i.e. the ratio of the time spent exploring the new object on the sum of time exploring the two objects. **p b 0.01 and ***p b 0.001 vs 0.5. (n = 9–10).
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genetically differentiate CRF/CRF1 receptor neuronal pathways modulating behavior from those regulating neuroendocrine (HPA system)
function. They concluded that limbic CRF1 receptors modulate
anxiety-related behavior and that this effect is independent of HPAsystem activity. In addition, Dedic et al. (2011) generated two conditional CRF-overexpressing mice lines and reported that while mice
ubiquitously overexpressing CRF exhibited increased anxiety-related
behavior, overexpression of CRF in the pituitary did not produce alterations in emotional behavior. These results suggest that HPA disturbances are not sufﬁcient to duplicate the behavioral consequence
of stress but rather that central CRF hyperdrive on its own or in a
combination with elevated glucocorticoids is responsible for the increase in anxiety-related behavior. Regarding stress-induced cognitive alterations, Wang et al. (2011a) reported that chronically
stressed mice with forebrain CRF1 deﬁciency exhibit normal dendritic
morphology of CA3 neurons and mild impairment in spatial memory
while in stressed wild-type mice, spatial memory was disrupted and
the complexity of apical dendrite of CA3 neurons was reduced.
These ﬁndings underscore that forebrain CRF/CRF1 signaling plays a
critical role in the modulation of memory function and brain structural adaptation under stress.
In conclusion, these experiments showed further that CRF1 receptor blockade may reverse the deleterious effects of stress. More precisely, these ﬁndings suggest that CRF1 receptor antagonists may be
useful for the treatment of PTSD. Finally, our data demonstrate that
the effects of SSR125543 on cognitive impairment following traumatic stress exposure does not involve an action on the HPA axis, but may
be mediated by central CRF1 receptors. Further studies are warranted
to determine which brain structures may play a role in these effects.
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