Available online at www.sciencedirect.com

European Journal of Pharmacology 497 (2004) 49-53

www.elsevier.com/locate/ejphar

Antidepressant-like effects of CRF; receptor antagonist SSR125543
in an animal model of depression

David H. Overstreet™*, Guy Griebel®

“Department of Psychiatry, Center for Alcohol Studies, CB #7178, 3009 Thurston-Bowles Bldg., University of North Carolina,
Chapel Hill, NC 27599-7178, USA
°CNS Research Department, Sanofi-Synthelabo, Bagneux, France

Received 26 January 2004; received in revised form 15 April 2004; accepted 17 June 2004
Available online 20 July 2004

Abstract

Much interest has been expressed in the antidepressant potential of nonpeptide, orally active corticotropin-releasing factor (CRF) receptor
antagonists in recent years. Therefore, the present investigation examined the antidepressant-like effects of the novel CRF,; receptor
antagonist SSR125543 on the exaggerated swim test immobility in the Flinders Sensitive Line rat, a genetic animal model of depression.
Chronic treatment with SSR125543 (3, 10, 20, 30 mg/kg, i.p.) for 14 days significantly increased swimming in the Flinders Sensitive Line
rats. The reference serotonin reuptake inhibitor fluoxetine (5 mg/kg, i.p.) and the tricyclic antidepressant desipramine (5 mg/kg, i.p.) also
significantly increased swimming, as expected. The higher doses of SSR125543 (20 and 30 mg/kg) also significantly increased the
abnormally low level of social interaction behavior in the Flinders Sensitive Line rats. Together, these findings indicate that the CRF,

receptor antagonist SSR125543 has both antidepressant- and anxiolytic-like effects in the Flinders Sensitive Line rats.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

There has been increased interest in the antidepressant
potential of drugs that block receptors for corticotropin-
releasing factor (CRF). A number of orally active, non-
peptide CRF; receptor antagonists have recently been
developed (Griebel et al., 2002; Holsboer, 1999; Keck and
Holsboer, 2001; Okuyama et al., 1999; Seymour et al.,
2003). There is preliminary evidence of antidepressant
activity in an open-label trial with one of these agents
(Zobel et al., 2000). In addition, these compounds have
proved effective in certain tests of depressive-like behavior
in normal rats, such as subacute treatment in the forced
swim test and the chronic mild stress model (Griebel et al.,
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2002; Seymour et al.,, 2003). However, there is no
information on how rats with an innate tendency towards
depressive-like behavior respond to CRF; receptor antago-
nists. Therefore, it was decided to compare the effectiveness
of the CRF, receptor antagonist SSR125543 [4-(Chloro-4-
methoxy-5-methylphenyl)-N-[(15)-2-cyclopropylfluoro-4-
methylphenyl)ethyl]5-methyl-N-(2-propynyl)-1,3-thiaz-
amine] with the selective serotonin reuptake inhibitor
fluoxetine and the classical tricyclic desipramine in a
genetic animal model of depression with high predictive
validity, the Flinders Sensitive Line rat (Overstreet, 2002).

The Flinders Sensitive Line rat is innately more
immobile in the forced swim test than its control counter-
part, the Flinders Resistant Line rat, and exhibits a decrease
in immobility following chronic, but not acute, treatment
with desipramine and sertraline (Overstreet, 1993, 2002;
Pucilowski and Overstreet, 1993). The Flinders Sensitive
Line rat exhibits other features that are similar to those
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found in human depressives, such as increased rapid eye
movement sleep (Benca et al., 1992, 1996; Shiromani et al.,
1988), has elevated levels of serotonin in limbic brain
regions that are corrected following chronic antidepressant
treatments (Zangen et al., 1997), and responds to other
antidepressants but not the psychomotor stimulants amphet-
amine and scopolamine (see Overstreet, 2002; Overstreet et
al., 1995).

In this study, the Flinders Sensitive Line rat model of
exaggerated immobility was used to compare the antide-
pressant and anxiolytic potential of the CRF; receptor
antagonist SSR125543 with that of the serotonin reuptake
inhibitor fluoxetine, and the tricyclic desipramine after
chronic treatment for 14 days.

2. Methods and materials
2.1. Animals

The Flinders Sensitive and Resistant Line rats were
selected from breeding colonies maintained at the Uni-
versity of North Carolina Bowles Center for Alcohol
Studies at 70—75 days of age and 350-370 g. They were
housed in groups of three in temperature- and humidity-
controlled rooms under a 12:12-h light/dark cycle (lights
on 0700-1900 h). Rats were randomly divided into eight
groups and then given the treatments described below.
Only a reference Flinders Resistant Line group treated with
vehicle was used in this study because previous evidence
indicated that these rats, which exhibit a relatively low
degree of immobility, do not exhibit decreases in immo-
bility following many antidepressant treatments (Over-
street, 2002), including a CRF; receptor antagonist
(Overstreet et al., 2004).

2.2. Treatments

The following seven treatment groups were established
for the Flinders Sensitive Line rats: carboxymethylcellulose
(0.5%), the vehicle for SSR125543; SSR125543 (3, 10, 20,
30 mg/kg); fluoxetine (5 mg/kg); desipramine (5 mg/kg).
The di-tosylate salt of SSR125543 was used and it was
suspended in carboxymethylcellulose. The hydrocholoride
salts of fluoxetine and desipramine were dissolved in
distilled water and isotonic saline, respectively. The eighth
group was a Flinders Resistant Line group treated with
isotonic saline. The rats were injected i.p. once daily for 14
consecutive days between 0900 and 1100 h. On the day after
the last injection, the rats were subjected sequentially to the
social interaction test (approximately 18 h after the last
treatment) and the forced swim test (approximately 22 h
after the last treatment). Unpublished observations in other
rats indicated that exposure to the social interaction test
prior to being exposed to the swim test did not significantly
alter swimming times.

2.3. Behavioral tests

Approximately 18 h after the last treatment, rats with the
same treatment and similar body weights were placed in a
square test arena (60x60 cm, marked with sixteen 15x15
cm squares on the floor) for the testing of social interaction.
The tests were carried out under low (30 Ix) light and
unfamiliar conditions to generate an intermediate level of
social interaction behavior (File, 1980; File and Seth, 2003;
Overstreet et al., 2002, 2003). The amount of time spent in
social interaction (grooming, licking, sniffing, crawling over
or under) was recorded during a 5-min session by an
experienced observer who was blind to the treatment
condition. This measure provides one index of anxiety-like
behavior, with more “anxious” rats spending less time in
social interaction (File, 1980; File and Seth, 2003). The total
number of lines crossed during the session provided a
measure of general activity.

The swim tank was 18 cm in diameter and 40 cm tall.
The tank was filled with enough 25 °C water so the rat could
not touch bottom with its hindpaws. The rat was placed in
the swim tank for a single 5-min session 21-23 h after the
last treatment and the s of immobility were scored by an
observer blind to the treatment condition and rat strain being
tested (Overstreet, 1993; Zangen et al., 1997).

2.4. Statistical analyses

The data for the three measures were summarized into
means*+S.E.M. for each of the eight treatment groups.
Graphical representations of the findings were compiled
using Prism software. Initially, it was confirmed that the
data were normally distributed and that the variances of the
groups did not significantly vary (Cochran’s C). Then the
data for each measure were subjected to one-way analyses
of variance. If these tests revealed significant group differ-
ences, follow-up Tukey’s tests were carried out to elucidate
the pattern of group differences. The GBstat software
package was used for the statistical analyses.

3. Results

Fig. 1 illustrates the antidepressant-like effects of each of
the compounds used in the Flinders Sensitive Line rats, as
the immobility time was significantly less (swimming time
was significantly greater) in all of the rats treated with active
drugs compared to the rats that received vehicle. Note also
that the immobility is much less in the Flinders Resistant
Line rats compared to the Flinders Sensitive Line rats,
confirming previous studies (see Overstreet, 2002, for
review).

Test with a one-way analysis of variance indicated
significant treatment effects (F(7,70)=10.75, P<0.0001).
The letters above the bars indicate whether the groups are
significantly different according to Tukey’s protected #-test;
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Fig. 1. Effects of SSR125543 (S), desipramine (DMI) and fluoxetine (FLX)
on swim test immobility. FSL or FRL rats were treated for 14 consecutive
days (i.p.) with the respective treatments and then tested in the swim tank
approximately 21-23 h after the last injection. Bars that have different
letters are significantly different, P<0.01, according to Tukey’s protected -
test.

thus, all treated Flinders Sensitive Line rats were different
from the vehicle-treated Flinders Sensitive Line rats, but not
from each other (Fig. 1).

Fig. 2 illustrates the effects on social interaction. Several
of the treatments increased the low social interaction in the
Flinders Sensitive Line rats and the one-way analysis of
variance was significant (F(7,70)=4.95, P<0.01). Interest-
ingly, desipramine increased the time spent in social
interaction, but fluoxetine did not. SSR125543 had a
dose-dependent effect on time spent in social interaction,
with significant increases being observed after 20 and 30
mg/kg (Fig. 2).

Fig. 3 illustrates the effects on line crosses. Neither
desipramine nor fluoxetine increased line crosses, but
SSR 125543 increased activity at all doses except 20 mg/
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Fig. 2. Effects of SSSR125543 (S), desipramine (DMI) and fluoxetine
(FLX) on time spent in social interaction. FSL or FRL rats were treated for
14 consecutive days (i.p.) with the respective treatments and then tested in
the social interaction arena approximately 18-20 h after the last injection.
Bars that have different letters are significantly different, P<0.01, according
to Tukey’s protected ¢-test.
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Fig. 3. Effects of SSSR125543 (S), desipramine (DMI) and fluoxetine
(FLX) on line crosses in the social interaction test. FSL or FRL rats were
treated for 14 consecutive days (i.p.) with the respective treatments and then
tested in the social interaction arena approximately 18-20 h after the last
injection. Bars that have different letters are significantly different, P<0.01,
according to Tukey’s protected #-test.

kg, enough to result in a small but significant outcome in the
one-way analysis of variance (£(7,70)=3.10, P<0.01).

4. Discussion

The findings for swim test immobility confirmed the
large strain difference between the Flinders Sensitive and
Resistant Line rats, with the Flinders Sensitive Line rats
being immobile for almost twice as long as the Flinders
Resistant Line rats (Fig. 1; see Overstreet, 1993, 2002;
Overstreet et al.,, 1995, 1998; Zangen et al., 1997). All
treatments reduced the immobility time in the FSL rats.
These findings are consistent with previous literature
indicating that antidepressants reduce immobility in the
FSL rats (see Overstreet, 2002). In contrast, studies that
have been performed with antidepressants in the Flinders
Resistant Line rats have generally failed to demonstrate a
significant change in immobility (Overstreet, 2002; Over-
street et al., 2004). Treatment of Flinders Resistant Line rats
with fluoxetine and desipramine confirmed the lack of anti-
immobility response in these rats (data not shown).

The CRF; receptor antagonist, SSR125543, was effective
in counteracting the exaggerated immobility of the FSL rats.
This outcome confirms its antidepressant-like effects in
normal rats in the forced swim test and chronic mild stress
(Griebel et al., 2002) and supports the potential utility of this
compound in particular, and CRF; receptor antagonists in
general, as antidepressants. Other studies with these and
other CRF; antagonists support this conclusion as well (see
Griebel et al., 2002; Holsboer, 1999; Keck and Holsboer,
2001; Overstreet et al., 2004; Seymour et al., 2003; Zobel et
al., 1999). However, the pattern of results with SSR125543
on the swim test was less than optimal, as there was not a
clear dose-dependent effect. Although immobility times of
the groups treated with 10 and 30 mg/kg were not
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significantly different from that of the control Flinders
Resistant Line group, they were also not significantly
different from those of the groups treated chronically with
3 or 20 mg/kg. This “partial” normalization of immobility
scores has been observed with low doses of other treatments
(Overstreet et al., 2004), suggesting that twice daily dosing
may be more effective.

Although all of the drugs predicted to reduce immobility
did so, there were substantial differences among the drugs in
regard to their effects on the measures in the social interaction
test. While desipramine produced a robust increase in time
spent in social interaction, fluoxetine did not. Both of these
findings replicated previously reported results (File et al.,
1999; Overstreet et al., 2000; 2004). The lack of effect with
fluoxetine may be related in part to the fact that only a two-
week treatment period was used, as others have reported
significant effects of selective serotonin reuptake inhibitors
on social interaction behavior with longer treatment regimens
(Bristow et al., 2000). Nevertheless, the present results
indicate that desipramine has more robust effects on social
interaction behavior than fluoxetine under the conditions
used here (once daily dosing with 5 mg/kg for 14 days).

There was clearer evidence for a dose-related effect of
SSR125543 on time spent in social interaction (Fig. 2). The
two higher doses increased time spent in social interaction
significantly, but the two lower doses did not. Thus, for
these higher doses, there is both an antidepressant- and an
anxiolytic-like effect of SSR125543. This outcome also
suggests that SSR123343A has a more rapid onset of its
anxiolytic activity than fluoxetine.

For locomotor activity, the Flinders Sensitive Line rats
were slightly, but significantly, less active than the Flinders
Resistant Line rats (Fig. 3). This supports previous findings
on these strains in novel environments (see Overstreet,
2002). All doses of SSR125543, except 20 mg/kg,
significantly increased locomotor activity above the level
seen in the FSL rats given vehicle (Fig. 3). However, neither
desipramine nor fluoxetine significantly increased activity,
suggesting that the decrease in immobility produced by
these treatments cannot be explained by their effects on
locomotor activity. To obtain further information about the
relationship between activity and immobility, an analysis of
covariance was carried out. When the number of line crosses
was used as the covariate, there were still significant
differences among the immobility times (F(6,104)=32.37,
P<0.0001). This analysis is not conclusive, as a more
appropriate test would be to examine the effects of chronic
SSR 125543 treatment on swimming behavior. Nevertheless,
the fact that the dose of 20 mg/kg did not alter activity
but did increase swimming suggests that the effects of
SSR125543 on swim test immobility cannot be explained
simply as a stimulant effect. Furthermore, the changes in
activity are quite small (10-20%) compared to the changes in
immobility (40-50%).

The increases in social interaction induced by SSR125543
also appear to be independent of its effects on locomotor

activity. All doses of SSR125543 except 20 mg/kg increased
activity, but only the two higher doses increased time spent in
social interaction. Analysis of covariance using the number of
line crosses as the covariate showed that there were still
significant group differences for time spent in social
interaction (F(7,70)=5.66, P<0.01). This conclusion of an
independence between social interaction and line crosses is
consistent with the views expressed by others (File and Seth,
2003; Overstreet et al., 2002, 2003).

In conclusion, the CRF; receptor antagonist SSR125543
has antidepressant-like effects in the Flinders Sensitive Line
rats as reflected by the decreases in the exaggerated swim
test immobility. In addition, it has anxiolytic-like effects as
reflected by an increase in the abnormally low social
interaction behavior of the Flinders Sensitive Line rats.
Clinical testing of this compound as an antidepressant and/
or anxiolytic is warranted.
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