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Abstract
Neuropetide galanin modulates a variety of central nervous system functions by signaling through
three G-protein coupled receptor subtypes, GalR1 through GalR3. Galanin and its receptors are
expressed at high levels in the limbic structures of the rodent brain. Intracerebroventricular
injection of galanin has been shown to modulate depression and anxiety-like behaviors in the rat.
We have previously shown that chronic antidepressant treatments increase the binding of a GalR2
preferring ligand, galanin (2–11), to the dorsal raphe nucleus (DRN) of the rat, which, along with
the finding that intra-DRN infusion of galanin (2–11) increases the release of serotonin in the
hippocampus, suggests that GalR2 signaling might exert antidepressant-like action by modulating
ascending serotonergic outflow. Recently, two research groups reported their phenotypic analysis
of a GalR2 knockout (GalR2KO) mouse line, produced by gene trapping method and maintained
on a 129S1/SvImJ genetic background. The only positive finding in that GalR2KO mouse line was
an anxiogenic-like phenotype specific to the elevated plus maze. Because it is known that genetic
background can affect the outcome of behavioral tests, in the present study, we analyzed a
separate GalR2KO line, which was produced by targeted deletion and maintained on a C57BL/6
backgroud, using a different set of depression and anxiety related tests. GalR2KO mice exhibited a
more persistent depressive-like phenotype in the learned helplessness paradigm as well as
increased immobility in the tail suspension test when results from the present studies were
combined by fixed effect meta-analysis with that reported by Gottsch and colleagues. GalR2KO
mutants showed anxiety-like behavior comparable to wild-type littermates in the elevated-plus
maze, open field, and light-dark transfer tests. The present findings are consistent with a predicted
antidepressant-like effect of GalR2 signaling, suggesting that GalR2 might be a valid drug target
for depressive disorders.
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Introduction
Galanin, a neuropeptide first isolated from porcine intestine, is widely distributed in the
central nervous system of the rodent brain, where it modulates a variety of physiological and
pathological processes, including feeding, seizure, cognition, and endocrine function,
through three G protein-coupled receptors, GalR1–3 (Bartfai et al., 1992; Crawley, 1995;
Hokfelt et al., 1999; Branchek et al., 2000). A close link between galanin, monoamine and
stress pathways has been established both morphologically and functionally (Melander et al.,
1986; Xu and Hokfelt, 1997; Xu et al., 1998a), suggesting a possible role for galanin as a
modulator of mood and anxiety. Regarding anxiety, intracerebroventricular injection of
galanin in the rat has an anxiolytic-like effect in Vogel’s punished drinking test (Bing et al.,
1993), while intra-amygdala injection of galanin produces anxiolytic-like effects in animals
tested under heightened stress conditions in the elevated plus-maze (Khoshbouei et al.,
2002b; Khoshbouei et al., 2002a; Morilak et al., 2003; Barrera et al., 2005). In mice, the α2
autoreceptor agonist, yohimbine, failed to produce an anxiogenic-like effect in galanin
overexpressing mice (Holmes et al., 2002a), suggesting that galanin can modulate anxiety
states induced by high levels of noradrenergic activation, but may be silent under less
challenging situations (Karlsson et al., 2005).

With respect to depression-like behavior, the subtype non-selective galanin receptor
agonists, galmic (Bartfai et al., 2004) and galnon (Lu et al., 2005), decreased immobility in
the rat forced swim test. Conversely, a galanin receptor antagonist M40 blocked the
antidepressant-like effect of chronic fluoxetine (Lu et al., 2005) in the same test, results
which suggest that galanin receptor activation mediates antidepressant-like effects. In
contrast, local infusion of galanin into the rat VTA reduced ambulation and rearing
behaviors, and increased immobility in the forced swim test (Weiss et al., 1998), consistent
with a depressant-like effect of galanin receptor activation in the VTA. However, the effect
of galanin receptor signaling on depression is not as straightforward as a recent study failed
to detect antidepressant-like effects of galnon in either the rat forced swim test or mouse tail
suspension test (Rajarao et al., 2007). In rat, galanin icv was shown to increase immobility
in the forced swim test (Kuteeva et al., 2007), whereas in mouse, galanin icv had no effect
on immobility in the tail suspension test (Rajarao et al., 2007).

The regionally-specific effect of galanin receptor activation on forced swim immobility
might be attributable to the fact that galanin effects are mediated by three distinct and
differentially expressed receptor subtypes. GalR1 and GalR3 are predominately coupled to
Gi and activation of GalR1 and GalR3 leads to a decrease in cAMP and the opening of
potassium channels; GalR2 is coupled to Gq/11 and Gq and its activation, primarily leads to
an increase in intracellular calcium (Smith et al., 1998; Wang et al., 1998). GalR1 is the
most widely expressed galanin receptor subtype in the brain, followed by GalR2 and GalR3,
which display successively more restricted expression patterns (O’Donnell et al., 1999).
GalR1 receptors are thought to mediate some anxiolytic actions of galanin, because GalR1
knockout mice exhibit increased anxiety-like behavior in the elevated plus maze (Holmes et
al., 2003). In contrast, antagonists of GalR3 are currently being tested in clinical trials for
affective disorders as they produce antidepressant and anxiolytic-like effects in a variety of
preclinical behavioral tests conducted in rat, mouse and guinea pig (Swanson et al., 2005).
Several lines of evidence suggest that GalR2 receptors may also modulate mood and
anxiety. GalR2 mRNA has been localized to the dentate gyrus of the hippocampus,
hypothalamus, amygdala, locus coeruleus and dorsal raphe nucleus (O’Donnell et al., 1999).
In the rat, chronic fluoxetine treatment increases binding of the GalR2-preferring ligand,
galanin(2–11), in the dorsal raphe nucleus, which may correspond to an increase in GalR2
signaling (Lu et al., 2005). Thus, we have hypothesized that increased GalR2 signaling in
the dorsal raphe may promote an antidepressant-like action. Accordingly, microinfusion of
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galanin (2–11), a GalR2-preferring agonist, but not galanin, a pan-GalR agonist, into rat
dorsal raphe nucleus, increases 5-HT release in the ventral hippocampus (Mazarati et al.,
2005).

Recently, two research groups have reported their independent phenotypic analysis of
anxiety- and depression-related behaviors in GalR2 knockout mice. Gottsch et al reported no
genotype effects in the tail suspension, light-dark transfer test, or stress induced
hyperthermia (Gottsch et al., 2005) tests; Bailey et al recently reported increased anxiety-
like behavior in the elevated plus-maze in the GalR2 knockout line (Bailey et al., 2007).
Both groups studied the same GalR2KO mouse line, produced by retroviral gene trapping,
on a 129S1/SvImJ genetic background. It is known that genetic background can affect the
outcome of behavioral tests, and different methods of gene inactivation might also bring
about different unexpected consequences (Phillips et al., 1999; Holmes et al., 2002b). For
example, Holmes et al. found that behavior of serotonin transporter knockout mice in tests
sensitive to antidepressant action differed on a 129S6, but not C57BL/6J background, as
compared to wildtype littermates (Holmes et al., 2002b). Therefore, in the present study, we
measured behavior of a different GalR2KO mouse line, which was produced by the gene
targeting method (Shi et al., 2006), and maintained on the C57BL/6 genetic background, in
several tests of depression- and anxiety-related behavior. Potential GalR2KO genotype
moderation of antidepressant-like activity of desipramine in the forced swim test also was
determined.

Material and Methods
The GalR2KO mice were generated on a 129/Sv genetic background and backcrossed into
C57BL/6 mice (Charles River, MA) for six generations at Deltagen (San Carlos, CA) (Shi et
al., 2006). Upon receipt at the Scripps Research Institute, mice were backcrossed for two
additional generations with C57BL/6 mice of the Scripps in-house colony (descended four
generations from Jackson Laboratories). Reverse transcriptase-PCR demonstrated the
absence of the intact GalR2 transcript, as previously reported (Shi et al., 2006). Age-
matched adult male mice (3 to 5 month old at the start of the experiments; 6 to 8 month old
when the desipramine sensitivity test was performed) that were littermates from
heterozygous matings were used in the study. Because N8 backcrossed offspring, on average
would still retain ~0.2% 129/Sv genetic background, wildtype littermates were used as
controls in all studies. The same cohort of animals was used in all the studies, per the
following test sequence: elevated plus-maze->light-dark transfer-> forced swim test->tail
suspension-> open field test->learned helplessness. Tests were spaced by at least 1 week,
and the order of testing was chosen such that tests involving lower stress levels (elevated
plus-maze, light-dark transfer), preceded those involving higher stress levels (forced swim,
tail suspension, learned helplessness). The elevated plus-maze was performed first of all
tests because it is especially sensitive to previous testing history (Bailey et al., 2007). The
forced swim test was performed one week before the tail suspension test, because it has
previously been shown that forced swim testing does not confound results in a tail
suspension test performed 1 week later (Cryan et al., 2004). Six weeks after the learned
helplessness test, mice were again tested in the forced swim to compare effects of GalR2KO
genotype on sensitivity to desipramine treatment. Mice were allowed to habituate to the
testing enviornment for 1 hr prior to all tests. All tests were videotaped and later scored by a
trained observer who was unaware of both genotype and drug treatment. Slight differences
in sample sizes (n) across tests are the result of ocassional recording failures or of animals
that did not complete testing due to events such as falling off the apparatus and tail climbing.

All experiments were performed in accordance with protocols approved by the Animal Care
and Use Committee of the Scripps Research Institute. Animals were housed under standard
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conditions on a 12-h light/dark cycle with ad libitum access to food and water. Among the
32 mice used in the study, 28 were group-housed, 2 to 4 per cage, with same-sex littermates,
and the remaining 4 mice, including 2 wildtypes and 2 knockout, were sigularly housed. As
the number of singlularly housed animals were matched between the genotypes and the
performance of sigularly housed animals didn’t seem to deviate from those of group housed
mice in our experiments (within one standard deviation), they were included in the data
analysis.

Elevated plus maze
The elevated plus maze test was performed as described (Holmes et al., 2002a). The plus-
maze consists of two open arms (30 cm × 5 cm) and two closed arms of same size extending
from a central area (5 cm × 5 cm). The arms and central area were elevated 30 cm above the
ground. The closed arms were enclosed by walls made of clear Plexiglas (30 cm high),
whereas the open arms only had a 0.5 cm clear Plexiglas lip around their edges. Lighting
and background white noise on the open arms were ~2 lux and 52dB, respectively. Mice
were placed in the central area facing an open arm and allowed to explore for 5 min. Open
and closed arm entries (all 4 paws in the arm) and time spent in the open arms, closed arms,
and center square were scored. The % open arm time (or entries), an inverse measure of
anxiety-like behavior, was calculated as the % of total arm time (or entries) that was open
arm time (or entries).

Light-dark transfer
The light-dark transfer test was performed according to previously described methods with
minor modifications (Crawley and Goodwin, 1980; Anseloni et al., 1995; Bailey et al.,
2007). The test apparatus was a Plexiglas rectangular box divided into two unequal
compartments by a black Plexiglas partition with a small hole at the base (7.5 × 7.5 cm). The
smaller compartment (14.5 × 27 × 26.5 cm) was dark (~0 lux) and the larger compartment
(28.5 × 27 × 26.5 cm) was highly illuminated (900 lux) with a 75 light source located above
it. Mice were placed in the center of the light compartment facing away from the partition to
initiate the test session. The number of transitions between the two compartments and time
spent in the light compartment during a 10-min test session were scored.

Tail suspension test
Mice were individually suspended by the tail from a horizontal ring-stand bar that was
elevated 50 cm above a table top using Fisher Scientific adhesive tape affixed 2 cm from the
tip of the tail. The time spent immobile during a 6-min test period was measured.

Forced swim test
The 6-min forced swim test (FST) was conducted using a larger diameter cylinder than that
originally used in order to increase the sensitivity and specificity of detecting antidepressant-
like effects in mice (Sunal et al., 1994). For testing, mice were placed in individual, clear
polypropylene cylinders (30-cm-tall × 30-cm-diameter) containing 23–25°C water, 23 cm-
deep to prevent the mouse’s tail from touching the cylinder bottom (Detke and Lucki, 1996).
The water was changed between subjects. A time-sampling technique was used whereby the
predominant behavior in each 5-s period of the 300-s test was recorded. Climbing behavior
consisted of upward-directed movements of the forepaws, usually along the side of the swim
chamber. Swimming behavior was defined as horizontal movement throughout the swim
chamber, which usually included crossing into another quadrant. Immobility was assigned
when no additional activity was observed other than that required to keep the mouse’s head
above water. The immobility, swimming, and climbing counts were scored (Cryan and
Lucki, 2000).
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Open field test
The open field test apparatus was a square, walled arena (50 × 50 × 22 cm) with white
Plexiglas walls and floor. The floor was marked into 16 equal squares, and the central four
squares were defined as the center area. Mice were placed in the center of the open field and
allowed to explore freely for 10 min. The test was performed under ambient room light
(~450 lux) with a background white noise of 52 dB. Line-crossing behavior (defined as at
least three paws in a square) and time spent in the center were quantified.

Learned helplessness paradigm
The learned helplessness paradigm was performed as described previously (Malberg and
Duman, 2003; Chourbaji et al., 2005). Briefly, mice were subjected to unpredictable,
inescapable foot shock sessions on two consecutive “induction” days and then on a third day
tested for the presence of learned helplessness behavior, operationalized as failures to escape
footshock in a shuttlebox. Sessions took place in a Gemini Active Avoidance apparatus (San
Diego Instruments, San Diego, CA), which consisted of two chambers equipped with a
stainless-steel grid floor. To induce learned helplessness, 360 footshocks were delivered on
two consecutive training days (180 footshocks/day). A retractable metal door separating the
two chambers was fixed in a closed position, such that shocks were inescapable, and
footshocks (2 sec, 0.15 mA) were delivered on a pseudorandom, unpredictable schedule (1–
15 sec intershock interval), over a total session duration of approximately 52 min.

Twenty four hours following training, mice were subjected to a 31-trial test for learned
helplessness behavior. In each trial, mice were presented with a 5-s cue light plus overhead
light (located on the side wall opposing the door and on the top of the test compartment,
respectively), which would then be followed by a 10 s light + shock (0.150 mA, interval=30
s average, 25–35 s range) compound stimulus. The door between the two sides of the shuttle
box opened with the onset of the cue light stimulus. If the animal avoided or escaped the
shock by shuttling to the unshocked compartment, the light was turned off, and the gate was
closed until the onset of the next trial. If the animal failed to escape, the shock was
terminated at the end of the trial and the gate was closed. Behavioral outcomes of each trial
were defined as follows: “avoidance,” shuttling to the other compartment following the
onset of the cue light stimulus and before the onset of the shock; “escape,” shuttling to the
other compartment after the onset of the electric shock, but before its termination, or “escape
failures,” not shuttling to the other compartment before the end of the shock. The number of
escape failures, escapes, and avoidances, as well as latencies of successful avoidances/
escapes, were recorded.

Desipramine treatment and forced swim testing
Desipramine hydrochloride was purchased from Sigma-Aldrich (St. Louis, MO) and
dissolved freshly in 0.9% NaCl. Sixteen hours before drug treatment, mice were
individually-housed, a strategy aimed to eliminate variations in the stress imposed on the
mice due to sequential separation of group housed animals at the time of injection. Mice
received desipramine administration (i.p., 8.5 mg/kg) in a volume of 5 ml/kg, 45 min prior
to the forced swim test, which was performed as described above.

Statistics
Data on the effect of desipramine on forced swim behavior were analyzed by two-way
factorial ANOVA with Genotype and Desipramine as between-subject factors. Bonferroni-
corrected post hoc tests were used to interpret significant results. Data from learned
helplessness testing were subject to two-way ANOVA with Genotype as a between-subject
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factor and Trial Block as a within-subject factor. Other data were analyzed using Student’s t-
test.

Results
Elevated plus-maze

As summarized in Table 1, GalR2KO mice did not differ from wild type mice in anxiety-
like behavior in the elevated plus-maze, as defined by absolute (open arm time or entries) or
relative (% open arm time or entries) measures of open arm exploration. However,
GalR2KO mice showed significantly fewer total arm entries as compared to wild type mice
(p=0.03).

Light dark transfer
Wild type (n=16) and GalR2KO mice (n=16) did not differ in the time spent in the light
compartment (mean ± SEM, 179.1 ± 12.7 vs. 170.3 ± 14.2 s, p=0.92) or the total number of
transitions (40.1 ± 3.5 vs. 38.4 ± 3.2, p=0.69) made in the light-dark box test (Figure 1).

Tail suspension test
Wild type (n=15) and GalR2 knockout mice (n=14) showed similar total immobility time in
the tail suspension test (164.2 ± 8.4 vs. 183.9 ± 8.08, p=0.16) (Figure 2A). Immobility time
also did not differ per genotype if the test session was subdivided into the first 2 min vs. last
4 min of observation (data not shown).

Forced swim test
Untreated wild type (n=16) and GalR2 (n=16) knockout mice did not differ in counts of
immobility (mean ± SEM, 40.36 ± 0.20 vs 41.13 ± 2.40, p=0.63), swimming (21.43 ± 0.22
vs 20.07 ± 1.73, p=0.80) or climbing (10.21 ± 0.15 vs 10.80 ± 1.77, p=0.81), during the 6-
min forced swim test (Figure 2B). Again, similar performance was observed between
genotypes if the test session was subdivided into the first 2 min vs. last 4 min of observation
(not shown).

Open field test
There was no significant difference between wild type (n=16) and GalR2 knockout mice
(n=16) in locomotor activity during the open-field test as measured by total line crossings
(mean ± SEM, 298.4 ± 14.7 vs. 275.6 ± 15.7, p=0.29) (Figure 3). Genotypes also did not
differ in the time spent in the center area (106.6 ± 6.8 vs. 97.4 ± 11.5 s, p=0.49).

Learned helplessness
There were significant Trial Block [within-subject] x Genotype [between-subject]
interactions for % escape failure [F(2, 60)=5.89, p=0.004] and for % escape [F(2,60)=5.0,
p=0.01]. These interactions reflected that wild type (n=16) and GalR2KO mice (n=16)
showed similarly high levels of escape failures during the initial 11 trials of learned
helplessness testing (Figure 4). However, with continued testing, performance of wild type
mice had improved significantly by the 3rd trial block of testing (trials 22–31) (% escape
failures ± SEM, 1st trial block vs. 3rd trial block, 87.5 ± 4.7, 72.5 ± 8.4, p<0.01, Bonferroni t
test; Figure 4). In contrast, performance of GalR2 KO mice had not improved, leading to
significantly more escape failures in GalR2 KO mice than wild type mice during the final
trial block (GalR2KO vs. WT, 92.5 ± 4.1 %, 72.5 ± 8.5 %, p<0.05; Figure 4). Inspection of
Figure 4 also suggested greater variability in the performance of wildtype controls than of
GalR2KO mutants during block 3 of learned helplessness testing, which was confirmed by
Bartlett’s test (p=0.0158). Visual inspection of frequency histograms and Kolmogorov-

Lu et al. Page 6

Neuropeptides. Author manuscript; available in PMC 2012 July 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Smirnov tests indicated that the greater variability in wildtype performance still conformed
to a normal or log-normal, rather than bimodal, distribution. Differential escape performance
did not appear to relate to variability in earlier forced swim or tail suspension performance
either within or across genotypes.

Further analysis of differences in escape deficits showed that wildtype mice made more
successful escapes, but not avoidances, across trial blocks (% escape ± SEM, 1st trial block
vs. 3rd trial block, 8.0 ± 3.1, 20.6 ± 6.7, p<0.01; Figure 4), whereas performance of
GalR2KO did not improve across trial blocks, leading to significantly fewer escapes, but not
avoidances, by GalR2 KO mice as compared to wildtype mice within the final trial block
(GalR2KO vs WT, 5.6 ± 3.8 %, 20.6 ± 6.7 %, p<0.05) (Figure 4). There was no difference
between wildtype and GalR2KO in the latency to avoid/escape in any of the 3 blocks.

Effect of desipramine in forced swim test
Desipramine drug treatment had a significant main effect on forced swim immobility
[F(1,27)=14.87, P=0.0006], with no significant effects of Genotype or Drug Treatment x
Genotype interactions observed (Figure 5). Likewise, there was a main effect of Drug
Treatment on swimming [F(1,27)=5.9, p=0.023] and climbing behaviors [F(1,27)=11.7,
p=0.002] (Figure 5). There was no significant Genotype or Drug Treatment × Genotype
effects observed for these two behaviors.

Discussion
In the initial characterization of the present GalR2KO mutant line, mice with targeted
deletion of the GalR2 gene did not differ from their wildtype littermates in general health,
performance in sensory and neurological screens, or baseline pain thresholds (Shi et al.,
2006). In the present study, GalR2KO mice also were found not to differ from their wildtype
littermates in three assays of anxiety-like behavior (elevated plus-maze, light dark transfer,
open field center time) or two tests of depression-related behavior (tail suspension, forced
swim test). The present negative findings are generally consistent with results obtained in
previous studies of another GalR2KO mouse line, obtained via gene-trapping and studied on
a 129S rather than C57BL/6 genetic background (Gottsch et al., 2005; Bailey et al., 2007).
Previous studies of GalR2KO mice examined subjects in the tail suspension, light-dark
transfer, elevated plus-maze and stress-induced hyperthermia tests. Most of these assays
were included in the present studies, in which potential genotype differences in the forced
swim, learned helplessness, and open field tests also were measured.

A possible positive finding from the present studies is that GalR2 KO mice did not show the
reduction of escape deficits that was seen across trials of learned helplessness testing in
wildtype mice. Thus, although GalR2KO mice developed a similarly high initial degree of
escape deficits following inescapable shock as did wildtype mice, GalR2 KO mice thereafter
failed to begin to show reversal of escape deficits across repeated trials in which escape was
possible. It would be of interest to determine whether GalR2 deficiency similarly attenuates
restoration of escape behavior in the “straw suspension” modified forced swim test, in which
a potential escape opportunity is introduced following acquisition of immobility (Nishimura
et al., 1988). On the other hand, perhaps GalR2 deficiency impairs reversal learning. It is
worth noting that GalR2KO mice on a 129S background did not show deficits in acqusition
of spatial navigation in the Morris water maze and performed comparably to their wildtype
littermates in fear conditioning (Gottsch et al., 2005; Bailey et al., 2007), so they are not
generally cognitively impaired. Another alternative is that the persistent escape deficits seen
in GalR2KO mice might reflect a phenotypic difference in stress-induced analgesia, a
possible mediator of learned helpless behavior (Snow et al., 1982; Maier et al., 1983;
Hunziker, 1992; Teixeira et al., 1997). Indeed, because serotonergic systems in the dorsal
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raphe subserve stress-induced analgesia (Snow et al., 1982), a role for GalR2 systems in
modulating stress-induced analgesia via serotonin is possible. Directly measuring
nociceptive thresholds or comparing actions of opioid receptor ligands between genotypes
on the expression of escape deficits could help test this hypothesis.

Like Gottsch and colleagues, we observed a nonsignificant trend for GalR2 KO mice to
exhibit increased immobility in the tail suspension test, an apparent replication of a negative
finding. However, if the similar effect sizes for immobility seen in the present study
(r=0.249) and that of Gottsch et al (r=0.221) are combined by fixed effect meta-analysis
(Rosenthal and DiMatteo, 2001; Zorrilla et al., 2001), then GalR2 KO mice are actually
found to exhibit slightly, but significantly, greater immobility in the tail suspension test than
wildtype littermates (r[53]=0.235, p<0.05). This positive meta-analytic finding, combined
with the more persistent depressive-like phenotype of GalR2KO mice in the learned
helplessness test, leaves open the possibility that GalR2 signaling may have some
antidepressant-like action (Lu et al., 2005). Also consistent with this hypothesis, chronic
treatment (14 days) with fluoxetine (10 mg/kg i.p.; or desipramine, 15 mg/kg, ip, Lu and
Bartfai, unpublished observation) previously was observed to increase binding of a GalR2-
preferring ligand, galanin (2–11), to the dorsal raphe nucleus. Perhaps GalR2 activity in the
dorsal raphe nucleus serves to maintain the function of ascending serotonergic efferents,
because GalR2, as a Gq-coupled receptor, is excitatory in many cases (Kerekes et al., 2003;
Mazarati et al., 2005).

Unlike Bailey et al., we did not observe GalR2KO mice to show increased anxiety-like
behavior in the elevated plus maze. Rather, a decrease in plus-maze locomotor activity was
observed, as represented in total arm entries. To facilitate comparison across studies and
because the elevated plus-maze test is sensitive to previous testing history (Bailey et al.,
2007), we here performed the elevated plus-maze test before all other tests and used a test
apparatus resembling that used by Bailey and colleagues. Potential differences between
studies which might account for the different results include the genetic background of
GalR2KO mutants (C57BL/6 vs. 129S1/SvImJ; see also Holmes et al., 2002b), the method
of GalR2KO inactivation (gene-targeting vs. gene-trapping), and the amount of illumination
on the plus-maze (2 vs. 20 lux). If genes that differ between the C57BL/6 and 129S genetic
backgrounds moderate the anxiety- or depressive-like phenotype associated with GalR1
deficiency, it would be of interest to identify them. On the other hand, both studies similarly
found that GalR2 KO mice did not show altered anxiety-like behavior in the light-dark box
or open-field tests, and Bailey and colleagues likewise found no genotype difference in
elevated zero-maze performance (Bailey et al., 2007). Collectively, the results indicate that
mice constitutively deficient in GalR2 do not show broad changes in anxiety-like behavior.

A limitation of the current studies is that the same mice were tested in a series of tests. Thus,
it is possible that earlier tests affected subsequent performance in a manner that obscured
genotype effects. To mitigate this possibility, behavioral measures were ordered such that
those tests that are more sensitive to testing history and which are less stressful or invasive
were generally performed earlier in the series. Furthermore, the inclusion of desipramine
administration in the forced swim test at the conclusion of testing confirmed that mice
remained sensitive to antidepressant action despite their previous testing history. The history
of testing with uncontrollable stressors may have contributed to the higher baseline forced
immobility of the second, as compared to first, forced swim test session.

The stressful history also may have elevated the baseline rate of escape deficits seen during
learned helplessness testing to levels higher than those seen by Chourbaji and colleagues
employing similar inescapable footshock schedules with C57BL/6N mice (Chourbaji et al.,
2005) or by Shanks and Anisman (Shanks and Anisman, 1993) studying inbred descendants
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of C57BL/6ByJ mice (mean escape latency: ~4 sec). Still, Shanks and Anisman (1988) in an
earlier study that used the same test conditions as their subsequent study with C57BL/6ByJ
mice (Shanks and Anisman, 1988) reported that C57BL/6J mice exhibited mean shock
escape latencies of ~8 sec, performance similar to that of wildtype controls in the present
study. Thus, it is possible that cohort or subtle substrain characteristics contributed to the
higher rates of escape failures seen here. The present methodology also differed from
previously cited studies in that the inescapable shock induction here was administered
within the same apparatus that was used for subsequent escape testing. Under such
conditions, Calderone and colleagues (2000) observed a mean escape latency of ~12 sec,
even longer than that seen in the present study, in male C57BL/6J mice during 24-sec escape
trials. Thus, perhaps the high rate of escape failures observed in the present study also partly
reflected the use of 10-sec (Chourbaji et al., 2005), rather than 24-sec, escape trials (Shanks
and Anisman, 1988, 1993; Caldarone et al., 2000).

Regarding negative genotype findings in forced swim testing, GalR2KO mice did not differ
from wildtype mice in their spontaneous forced swim performance nor in the ability of the
positive control desipramine to decrease immobility. Testing was performed using a
modified forced swim test paradigm, in which an apparatus with a wider diameter was used
to increase the sensitivity and specificity of the test (Sunal et al., 1994), and behavior was
scored with a robust time-sampling method (Cryan and Lucki, 2000). The tricyclic
antidepressant desipramine is considered primarily an inhibitor of the norepinephrine
transporter. While it has been observed in rats that norepinephrine reuptake inhibitors
primarily reduce forced swim immobility by increasing climbing, rather than swimming
behavior (Detke et al., 1995; Lucki, 1997), desipramine administration to mice was here
found to significantly increase both climbing and swimming behavior when data from both
genotypes were analyzed together (the amplitude of effect was more pronouced on climbing
than on swimming). GalR2KO mice did not differ from wildtype mice in behavioral
responses to desipramine in the forced swim test (Figure 5). It will be of future interest to
determine the sensitivity of GalR2 KO mice to a selective serotonin reuptake inhibitor,
given known functional and anatomical relations between GalR2 and 5-HT systems
(Melander et al., 1986; Xu et al., 1998b; Mazarati et al., 2005), and the reported ability of a
subtype-non-selective galanin receptor antagonist to attenuate fluoxetine’s antidepressant
action (Lu et al., 2005). In this context, Holmes et al. observed that GalR1KO mice did not
have altered sensitivity to fluoxetine in the tail suspension test (Holmes et al., 2005).

In summary, our data showed that GalR2KO mice may exhibit a more persistent depressive-
like phenotype in the learned helplessness paradigm as well as increased immobility in the
tail suspension test, when the present data are combined by fixed effect meta-analysis with
that reported previously by Gottsch and colleagues (Gottsch et al., 2005). These data are
consistent with a predicted antidepressant-like effect of GalR2 signaling (Lu et al., 2005),
though several alternative explanations remain to be evaluated. The limited amplitude of
effect seen in our study suggests that GalR2 signaling may mediate a more subtle
modulatory, rather than major mediating, effect on brain functions relevant to mood
regulation. It is also possible that the limited depressive-like phenotypes observed here are
due to developmental compensations. Future development of conditional GalR2 knockout
mice will provide additional information on the role of GalR2 in depression and anxiety.
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Figure 1.
Light dark transfer.
There was no significant difference between the wild type and GalR2KO in the time spent in
the light compartment or the total number of transitions in the light dark transfer test (n=16
wild type, 16 GalR2KO). All bars represent mean values with vertical lines indicating 1
SEM.
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Figure 2.
Tail suspension (A) and forced swim test (B). There was no significant difference between
the wild type and GalR2KO in immobility in the tail suspension test (left) and in the forced
swim test (right) (n=15 wild type, 14 GalR2KO). All bars represent mean values with
vertical lines indicating 1 SEM.

Lu et al. Page 14

Neuropeptides. Author manuscript; available in PMC 2012 July 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Open field test. There was no significant difference between the wild type and GalR2KO in
general locomoter activity as measured by total line crossings or in center time (n=16 wild
type, 16 GalR2KO). All bars represent mean values with vertical lines indicating 1 SEM.
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Figure 4.
The learned helplessness data were analyzed in 3 blocks that consisted of 10 to 11 trials
each. All bars represent mean values with vertical lines indicating 1 SEM. There were
significant Trial Block [within-subject] x Genotype [between-subject] interactions for %
escape failure [F(2, 60)=5.89, p=0.004] and for % escape [F(2,60)=5.0, p=0.01]. There was
significant differences between genotypes in percent escape failures and percent escapes in
the last 10 trial block (n=16 wild type, 16 GalR2KO) and significant differences in wild type
mice between the last 10 trial block and first 11 trial block in percent escape failures and
percent escapes. *, p<0.05, &&, p<0.01, Bonferroni t test.
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Figure 5.
Effect of desipramine treatment on active behaviors in the forced swim test. There was a
significant main effect of drug treatment [F(1,27)=14.87, P=0.0006], but not genotype, and
no significant drug treatment x genotype interaction, on immobility. Likewise, there was a
main effect of drug treatment on swimming F(1,27)=5.9, p=0.023] and climbing behaviors
[F(1,27)=11.7, p=0.002], but no significant effect of genotype or significant drug treatment
× genotype interaction was observed in these two behaviors. All bars represent mean values
with vertical lines indicating 1 SEM. *, p<0.05; **, p<0.01.
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Table 1

Elevated Plus Maze

WT (mean ± SEM, n=14) GalR2KO (mean ± SEM, n=15) Student’s t test

Open arm time 102.8 ± 16.3 97.8 ± 13.6 P=0.90

Closed arm time 152.1 ± 14.9 140.2 ± 12.8 P=0.90

Center time 51.3 ± 14.9 62.0 ± 6.9 P=0.74

% open arm time 39.6 ± 5.8 40.8 ± 5.6 P=0.88

Open arm entries 11.1 ± 1.0 9.5 ± 1.1 P=0.30

Closed arm entries 11.9 ± 1.1 9.2 ± 0.7 P=0.05

Total arm entries 22.9 ± 1.4 18.7 ± 1.2 *P=0.03

% open arm entries 48.6 ± 3.9 48.7 ± 4.5 P=0.99
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