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a b s t r a c t
The involvement of the noradrenergic system, particularly the β1 and β2 receptors, in depressive disorders
has been frequently shown. Recently, however, it has been shown that the β3 receptor may also contribute
since amibegron (SR58611A), a selective β3 receptor agonist, has antidepressant-like effects. The present
experiment sought to conﬁrm the antidepressant potential of amibegron by studying its effects in an animal
model of depression, the Flinders Sensitive Line (FSL) rat. The FSL rat is innately highly immobile in the forced
swim test and exhibits a decrease in immobility after chronic, not acute antidepressant treatment. FSL rats
were treated for 14 consecutive days with amibegron (0.3, 1.0, or 3.0 mg/kg), ﬂuoxetine (5 mg/kg) or
desipramine (5 mg/kg) as positive controls, and vehicle, while the control strain, the Flinders Resistant Line
(FRL) rats, was given either vehicle or 1.0 mg/kg amibegron. About 23–25 h after the last injection the rats
were tested in the forced swim test. All doses of amibegron and the two active controls, ﬂuoxetine and
desipramine, signiﬁcantly reduced immobility in the FSL rats. Thus, amibegron had a selective antidepressantlike effect in this study, conﬁrming its antidepressant potential.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction
A considerable literature exists on the involvement of the noradrenergic system in general, and β1 and β2 adrenergic receptors in
particular, in depressive disorders (Holoubek et al., 2004; Millan, 2006;
Ressler and Nemeroff, 2000). Much less has been known about the
potential involvement of the β3 adrenergic receptor (Strosberg, 1997).
However, the availability of amibegron (SR56811A) and other selective
β3 adrenergic receptor agonists (Bianchetti and Manara, 1990; Manara
and Bianchetti, 1990), has enabled a fuller testing of its behavioral
effects. An earlier study showed that amibegron acted like an
antidepressant in several models (Simiand et al., 1992). More recently,
two separate studies have reported that amibegron has antidepressantlike effects in the forced swim test, using a modiﬁcation of the Porsolt
acute method (Consoli et al., 2007; Stemmelin et al., 2008). Moreover,
both studies reported that amibegron was active in several animal tests
reﬂective of anxiety (Consoli et al., 2007; Stemmelin et al., 2008). The
present experiment sought to provide conﬁrmation of amibegron's
antidepressant-like effects by using an animal model of depression.
The FSL rat has been regarded as a genetic animal model of depression
because it exhibits several behavioral abnormalities resembling those
seen in depressed individuals, such as elevated REM sleep (Overstreet
et al., 2005; Schiller et al., 1992). Moreover, the rat and the paradigm used
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are able to detect potential antidepressants and reject others that have
been false positives, such as amphetamine and scopolamine (Overstreet
et al., 1995). Early on it was shown that the FSL rat exhibits a reduction in
immobility after chronic treatment with desipramine or sertraline, but
not after the acute Porsolt treatment (Pucilowski and Overstreet, 1993).
Thus, the FSL rat model is a very efﬁcient system for detecting
antidepressant-like effects. More recently, it has been determined that
the FSL rat exhibits a reduction in social interaction behavior (Overstreet
et al., 2004), suggesting that it may be more anxious than the FRL rat in
this task. Because the FSL rat exhibits both depressed-like and anxiouslike behavior thus resembling many depressed individuals (Himmelhoch
et al., 2001), it is possible to test drug effects on both measures. In this
study, we have performed exactly that.
2. Methods
2.1. Animals
The 80-day old FSL and FRL rats were selected from breeding
colonies maintained at the University of North Carolina Bowles Center
for Alcohol Studies. They were housed in groups of three in
temperature- and humidity-controlled rooms under a 12:12 light:
dark cycle (lights on 0700–1900). Rats were randomly divided into six
(FSL) or two (FRL) groups and then given the treatments described
below. Fewer FRL groups were used because previous evidence
indicated that the FRL rats, which exhibit a relatively low degree of
immobility, do not exhibit decreases in immobility following
antidepressant treatments (Overstreet, 2002; Overstreet et al., 2005).
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2.2. Treatments
The following six treatment groups were established for the FSL
rats: Veh — isotonic saline; amibegron — 0.3, 1.0, 3.0 mg/kg; FLX —
ﬂuoxetine (5 mg/kg); DMI — desipramine (5 mg/kg). The FRL rat
groups were treated with Veh or amibegron (1 mg/kg). The rats were
injected intraperitoneally (i.p.) once daily for 14 consecutive days
between 09.00 and 11.00 h.
2.3. Behavioral tests
Approximately 22 h after the last treatment, rats with the same
treatment and similar body weights were placed in a square test arena
(60 × 60 cm, marked with 16 15 × 15 cm squares on the ﬂoor) for the
testing of social interaction. The amount of time spent in social
interaction (grooming, licking, snifﬁng and 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. 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 23–25 h after the last treatment and the seconds 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 four measures were summarized into mean± S.E.M.
for each of the 10 treatment groups. Graphical representations of the
ﬁndings were compiled using Prism software. Initially, the data for each
measure were subjected to one-way ANOVAs. If the ANOVA revealed
signiﬁcant group differences, 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. Two-way ANOVAs were conducted
to compare treatment responses in the FSL and FRL rats.
3. Results
All treatments were effective in reducing the exaggerated swim test
immobility of the FSL rats (F[7,56]=10.90, pb 0.0001), as illustrated in

Fig. 1. The effects of amibegron, desipramine, or ﬂuoxetine on immobility in the forced
swim test. Rats were given their appropriate treatments i.p. once daily for 14 consecutive
days and the test was carried out about 22–25 h after the last treatment. Data represent
mean + S.E.M. ⁎p b 0.05, all treatments different from FSL-Veh. Abbreviations: FSL
Flinders Sensitive Line; FRL Flinders Resistant Line; DMI desipramine; FLX ﬂuoxetine;
Veh vehicle (isotonic saline).

Fig. 2. The effects of amibegron, desipramine, and ﬂuoxetine on social interaction
behavior. The test was conducted about 22 h after the last of 14 consecutive daily
treatments. Data represent mean + S.E.M. ⁎p b 0.05, all FRL different from all FSL. See
Fig. 1 for abbreviations.

Fig. 1. Importantly, the values of the various drug-treated FSL groups were
similar to that of the FRL rats given vehicle (Fig.1). However, the swim test
immobility of the FRL rats given 1 mg/kg amibegron was not signiﬁcantly
different from the scores of the FRL rats given vehicle. Consequently, the
2-way ANOVA revealed highly signiﬁcant strain (F[1,28] = 28.63,
p b 0.0001) and interaction (F [1,28]=27.11, p b 0.0001) effects. The putative
antidepressant amibegron had antidepressant-like effects only in the
animal model of depression that exhibits innate elevated immobility.
Although the FSL rats also exhibit an innate reduction in social
interaction behavior, none of the drug treatments altered this
behavior, as illustrated in Fig. 2. However, because the FRL rats engage
in more social interaction behavior than the FSL rats, the overall 1-way
ANOVA was highly signiﬁcant (F [7,56] = 8.26, p b 0.0001). Additional
testing with a 2-way ANOVA conﬁrmed the strain difference (F [1,28] =
29.26, p b 0.0001) and the lack of drug effect (F [1,28] = 3.84, p N 0.05).
Thus, the abnormally low social interaction behavior of the FSL rat was
not corrected by the drugs used in this study.
The present ﬁnding partially conﬁrms the suggestion that
locomotor activity is independent from social interaction behavior.
While there is a clear strain difference for the latter, there is none for
the former, as illustrated in Fig. 3. Not only is there no strain difference,
but there is also no drug effect (F [7,56] = 1.18, p N 0.05). Thus, the
behavior that is relatively normal in the FSL rat is not affected by the
known antidepressants or putative antidepressant.

Fig. 3. The effects of amibegron, desipramine, and ﬂuoxetine on locomotor activity (line
crosses). Behavior was recorded simultaneously with social interaction. Data represent
mean + S.E.M. See Fig. 1 for abbreviations.

D.H. Overstreet et al. / Pharmacology, Biochemistry and Behavior 89 (2008) 623–626

Fig. 4. The effects of amibegron, desipramine, and ﬂuoxetine on increase in body
weight. Weights were taken at Day 1 and Day 14 and the increase in body weight is
plotted. Data represent mean + S.E.M. See Fig. 1 for abbreviations.

Although there is a trend for rats treated with FLX or DMI to gain less
weight than the other rats, as illustrated in Fig. 4, there are no signiﬁcant
group differences in the degree of body weight change (F [7,56] = 1.59,
p N 0.05). Thus, amibegron does not appear to have any negative effects
on appetite that could compromise its use as an antidepressant.
4. Discussion
The present ﬁndings have conﬁrmed the antidepressant potential
of amibegron by demonstrating that all doses used reduced the
exaggerated immobility (Fig. 1). In fact, the exaggerated swim test
immobility of the FSL rats was reduced as much by amibegron as by the
positive controls, desipramine and ﬂuoxetine. Similar results were
reported by Stemmelin et al. (2008) in the acute Porsolt model as well
as the chronic mild stress model, and by Consoli et al. (2007) and
Simiand et al. (1992) using the forced swim test. However, the present
ﬁndings include one important difference from the previous studies.
The dose of 0.3 mg/kg amibegron was effective in our study but not in
the earlier studies (Consoli et al., 2007; Simiand et al., 1992; Stemmelin
et al., 2008). This observation is consistent with other evidence that the
FSL rat model is more sensitive to the effects of antidepressants than
the acute models (Overstreet et al., 2005; Porsolt et al., 1977;
Pucilowski and Overstreet, 1993). Indeed, both an older and a newer
review of the forced swim test model indicated that lower doses were
possible when chronic treatment was employed (Borsini and Meli,
1988; Cryan et al., 2005). Another important distinction between the
earlier and present swim test paradigms relates to the time between
drug treatment and behavioral test. The earlier studies tended to test
the rat about 60 min after the last drug treatment, whereas we tested
the rat after 23–25 h. Our rationale is that chronic treatment will lead
to adaptive changes that will support a behavioral change outlasting
any acute effects.
In any case, it is clear that amibegron has antidepressant potential
because the exaggerated swim test immobility of the FSL rats is
reduced following chronic treatment.
Because of the very low social interaction behavior and the
exaggerated forced swim test immobility, the FSL rat appears to be an
appropriate model for the many depressed individuals with comorbid
anxiety (Himmelhoch et al., 2001). However, the anxiety status of the FSL
rat is unclear. The FSL and FRL rats do not differ in the elevated plus maze,
another index of anxiety-like behavior (Schiller et al., 1991; Overstreet
et al., 1995). Comparison of the two strains on other behavioral tasks
reﬂective of anxiety has not been conducted as yet. Therefore, the degree
of anxiety-related behavior in the FSL rat is unclear.
Despite the uncertainty about the degree of anxiety in the FSL rats,
it is clear that they do exhibit very low levels of social interaction
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behavior and would thus be regarded as being anxious in this task
(File and Seth, 2003). Furthermore, none of the treatments induced a
change in social interaction behavior. This ﬁnding is at odds with
previous reports showing anxiolytic effects of amibegron (Consoli
et al., 2007; Stemmelin et al., 2008). Most of these earlier tests
involved acute administration of amibegron shortly before the test,
whereas the present study employed a chronic treatment protocol
with testing carried out 22 h after the last treatment. In addition,
previous work with the FSL rats showed anxiolytic effects of
desipramine and ﬂuoxetine in the social interaction test (Overstreet
et al., 2004; Overstreet and Griebel, 2004). We should not conclude,
therefore, that amibegron does not have anxiolytic effects. Rather, the
conditions of the present experiment were not appropriate to elicit
the anxiolytic effects of amibegron.
The lack of effect of amibegron on locomotor activity is entirely
consistent with previous reports (Consoli et al., 2007; Stemmelin et al.,
2008). Thus, the antidepressant effects of amibegron in this and other
studies and the anxiolytic effects in other studies are selective effects. The
lack of changes in locomotor activity suggests that amibegron does not
have any behaviorally toxic effects. The similar weight change seen in
this study is consistent with that conclusion as is the many studies
carried out by Stemmelin et al. (2008). Thus, amibegron appears to be a
safe β3 adrenergic receptor agonist with strong antidepressant potential.
The neurochemical mechanisms underlying amibegron's antidepressant-like effects cannot be elucidated solely on the basis of the
present ﬁndings. However, a comparison of the neurochemical effects
of amibegron with the neurochemical pathology of the FSL rats reveals
some intriguing possibilities. A key difference between the two rat
strains is that the FSL rats exhibit elevated REM sleep, just as do
depressed individuals Benca et al., 1996; Shiromani et al., 1988). And
amibegron reduced REM sleep (Stemmelin et al., 2008), as did
antidepressants (Sharpley and Cowen, 1995). The effects on REM
sleep could be mediated by increasing serotonergic tone (Bakalian and
Fernstrom, 1990) and amibegron and other β-adrenergic agonists
increase serotonin or its precursor tryptophan (Claustre et al., 2007;
Lenard et al., 2003). Interestingly, the FSL rats have abnormal
serotonin function (Zangen et al., 1997), including a reduction in
serotonin synthesis (Hasegawa et al., 2006), that is restored following
chronic antidepressant treatment (Zangen et al., 1997). Thus,
amibegron might be having its antidepressant-like effects in the FSL
rats by normalizing their serotonergic tone. Alternatively, amibegron
might be working by normalizing the abnormal noradrenergic tone in
the FSL rats (Claustre et al., 2007; Zangen et al., 1999). Further conjoint
behavioral and neurochemical studies in the FSL rats with amibegron
may help resolve this issue.
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