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Summary. Galanin is a 29 amino-acid (30 in humans) neuropeptide with
a close functional relationship with neurotransmitter systems implicated in
the pathophysiology and treatment of depression and anxiety disorders. In
rodent models of depression-related behavior, treatment with galanin or
compounds with agonist actions at galanin receptors has been shown to
affect depression-related behaviors and the behavioral and neurochemical
effects of antidepressants. Treatment with clinically efficacious antide-
pressants alters galanin and galanin receptor gene expression in rodents.
Rodent anxiety-like behaviors appear to be modulated by galanin in a
complex manner, with studies showing either increases, decreases and no
effects of galanin treatments and galanin mutations on anxiety-like behav-
ior in various tasks. One concept to emerge from this literature is that
galanin recruitment during extreme behavioral and physiological provoca-
tions such as stress and opiate withdrawal may serve to attenuate negative
emotional states caused by noradrenergic hyperactivation. The specific
galanin receptor subtypes mediating the anxiety- and depression-related
effects of galanin remains to be determined, with evidence supporting a
possible contribution of GalR1, GalR2 and GalR3. While our understand-
ing of the role of galanin as a modulator of emotion remains at an early
stage, recent progress in this rapidly evolving field raise possibility of that
galanin may represent a target for the development of novel antidepressant
and anxiolytic drug treatments.
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Localization of galanin in neural circuits
implicated in emotion

Galanin is a 29 amino-acid (30 in humans) neuropeptide,
first isolated from the porcine gut by Tatemoto, Mutt and
colleagues more than 20 years ago (Tatemoto et al., 1983).
The peptide is highly conserved and across species is

abundant in the central nervous system (CNS) (Melander
et al., 1985a). In the rodent brain, galanin shows a marked
pattern of colocalization with the major ascending mono-
amine systems. In rats, galanin-like immunoreactivity is
detected in brainstem norepinephrine-producing cells of
the locus coeruleus (LC), the serotonin-producing neurons
of the dorsal raphe nucleus (DRN) and the midbrain do-
paminergic ventral-tegmental area (VTA) (Hokfelt et al.,
1998b; Holets et al., 1988; Holmes et al., 1995; Lu et al.,
2005a; Melander et al., 1986; Merchenthaler et al., 1993;
Skofitsch and Jacobowitz, 1986). Functionally, galanin is
known to inhibit of the neuronal firing and/or release of
norepinephrine, serotonin, dopamine, as well as glutamate
and acetylcholine (Kehr et al., 2002; Melander et al.,
1985b; Pieribone et al., 1995; Seutin et al., 1989; Zini
et al., 1993). These actions of galanin are mediated through
three known G-protein coupled receptor subtypes (GalR1,
GalR2, GalR3), expressed in midbrain monoamine-
producing nuclei as well as their forebrain projection sites
of the rodent brain, including amygdala, hippocampus,
septum, and hypothalamus (Branchek et al., 2000; Burazin
et al., 2000; Hawes and Picciotto, 2004; Hohmann et al.,
2003; Iismaa and Shine, 1999; Kolakowski et al., 1998;
Larm et al., 2003; Mennicken et al., 2002; O’Donnell
et al., 1999; Wang et al., 1997; Waters and Krause, 2000).
Importantly, studies in human and primate brain indicates
that galanin-like immunoreactivity can also be detected in
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midbrain and limbic regions (Beal et al., 1988; Kordower
et al., 1992; Kordower and Mufson, 1990).

Taken together, the anatomical and neuromodulatory
characteristics of galanin-containing neurons and galanin
receptors suggest that the peptide might play a role in
mediating various higher-order behavioral functions. In
this context, a corpus of data has shown that galanin reg-
ulates behaviors related to cognition, nociception, seizure,
sexual behavior, feeding, sleep, and reward (for reviews
see Hokfelt et al.,, 1998a, 1999; Mazarati et al., 2001;
Saper et al., 2001; Wrenn and Crawley, 2001). Interest-
ingly, many of these behaviors are abnormal in patients
with mood disorders. In addition, there is now growing
evidence from animal models that galanin modulates
emotion-related behaviors (for reviews, see Holmes and
Picciotto, 2006; Lu et al., 2005a). As with other neuro-
peptide systems implicated in emotion, such as cortico-
tropin-releasing factor, vasopressin, neuropeptide Y, and
substance P, these findings have led to interest in targeting
galanin as a potential novel therapeutic target for depres-
sion and anxiety disorders (Contarino and Gold, 2002;
Griebel, 1999; Hokfelt et al., 1999; Holmes et al., 2003a;
Holsboer, 2003; Xu et al., 2004). The present review pro-
vides a brief update on research on galanin’s role in mod-
ulating stress and emotion using rodent preclinical mod-
els, and considers the potential for developing galanin-
targeting anxiolytics and antidepressants.

Galaninergic modulation of rodent
depression-related behaviors

Early work, since extended, by Weiss and colleagues
found that administration of galanin either intracerebro-
ventricular (icv) or into the dopaminergic ventral tegmen-
tal area produced an increase in immobility in the rat
forced swim test (FST) (Weiss et al., 1998, 2005), a pro-
file consistent with an increase in depression-like behavior
in this model (Cryan and Holmes, 2005). More recently,
mice genetically engineered to constitutively overexpress
galanin in brain via coupling of the galanin gene to the
platelet-derived growth factor B promoter (PDGF-B)
(Holmberg et al., 2005) have been found to exhibit in-
creased depression-related behavior and abnormal mono-
aminergic responses in the FST (Kuteeva et al., 2004;
Yoshitake et al., 2004). Furthermore, in the Flinders
Sensitive Line of rat, a genetic model selected for high
FST immobility, there is elevated galanin binding in the
serotonergic DRN, and reduced galanin-like immunoreac-
tivity in the DRN and hippocampus (Bellido et al., 2002;
Husum et al., 2003). In the context of the aforementioned

galaninergic modulation of monoamine neurons, the loca-
lization of depression-related effects of galanin to dopa-
minergic and serotonergic nuclei is intriguing given evi-
dence implicating the monoamines in the pathophysiol-
ogy and treatment of depression (Ressler and Nemeroff,
2000). Recent data has begun to provide insight into how
galanin might interact with monoamines to modulate de-
pression-related behaviors and antidepressant efficacy.

Lu and colleagues found that rats either chronically
treated with the serotonin reuptake inhibitor (SSRI),
fluoxetine, or subjected to electroconvulsive shock showed
a significant increase in levels of galanin mRNA in the
DRN, but not forebrain regions such as the hippocampus
and amygdala (Lu et al., 2005b; Stenfors et al., 1989). In
addition, chronic fluoxetine treatment increased galanin
mRNA in the major norepinephrine-producing nucleus,
the locus coeruleus (Lu et al., 2005b; Toppila et al.,
1995). Sleep deprivation produced a similar effect (Lu
et al., 2005b; Toppila et al., 1995); an interesting finding
given sleep disturbances found in depression (Wirz-Justice
and Van den Hoofdakker, 1999) and evidence that galanin
modulates sleep (Saper et al., 2001). Lu and coworkers
went on to show that the antidepressant-like effects of
chronic fluoxetine treatment in the FST was blocked by
icv administration of the peptidergic galanin antagonist
M40 prior to FST testing (Bartfai et al., 2004; Lu et al.,
2005b). The temporal lag between the start of antidepres-
sant treatment and the onset of clinical benefits is believed
to reflect the need for downstream neural adaptations that
are as yet unclear (Duman, 1998; Manji et al., 2001). The
findings of Lu et al. suggest that upregulation in galanin
function could be an important contributor to these per-
missive adaptations, and as such raise the possibility that
promoting galanin activity could itself exert antidepres-
sant effects (Lu et al., 2005a). In this context, a small pilot
study reported that intravenous administration of galanin
had an antidepressant effect in human subjects diagnosed
with depression (Murck et al., 2004).

Given the available literature, data suggesting that in-
creased galanin function may be antidepressant-like are
not easy to reconcile with the earlier studies suggesting a
pro-depressive effect of galanin, sometimes on the same
endpoint measures such as FST behavior (see Table 1).
The mechanism of action by which increased galanin
function would produce antidepressant-like effects also
remains to be clarified. Based on the current dogma that
SSRIs exert there therapeutic effects, at least initially,
by increasing extracellular serotonin availability, a simple
model would predict that increased galaninergic inhibi-
tion of serotonergic activity would counter, rather than
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Table 1. Effects of galanin treatments and mutations on human depression and rodent depression-related behaviors
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Treatment/mutation Species Endpoint measure Behavioral effect Reference
Galanin iv Human Hamilton rating scale Antidepressant Murck et al., 2004
Galanin icv Rat Forced Swim test None Weiss et al., 1998
Mouse Tail suspension test None Holmes et al., 2005
Galanin intra-VTA Rat Forced Swim test Pro-depression-like Weiss et al., 1998
Galanin antagonist, Rat Forced Swim test Antidepressant-like Weiss et al., 1998
M15, intra-VTA
Galanin intra-hypothalamus Rat Forced Swim test None Weiss et al., 1998
Galanin antagonist, M40, icv Rat Forced Swim test Blocked chronic- Lu et al., 2005
fluoxetine-induced
antidepressant-like effect
Galanin agonist, galmic Rat Forced Swim test Antidepressant-like Bartfai et al., 2004
Galanin agonist, galnon Rat Forced Swim test Antidepressant-like Lu et al., 2005
GalR3 antagonist, SNAP 37889 Rat Forced Swim test Antidepressant-like Swanson et al., 2005
Galanin overexpression Mouse Tail suspension None Holmes et al., 2005
(DBH promoter)
Galanin overexpression Mouse Forced Swim test Pro-depression-like Kuteeva et al., 2005
(PDGF-B promoter)
GalR1 knockout Mouse Tail suspension None Holmes et al., 2005
GalR2 knockout Mouse Tail suspension None Gottsch et al., 2005

iv, Intravenous; icv, intracerebroventricular; DBH, dopamine B-hydroxylase; PDGF-B, platelet-derived growth factor B promoter

mimic or augment, antidepressant-like efficacy. For exam-
ple, in vivo microdialysis studies have demonstrated that
icv galanin significantly decreases the ability of antide-
pressants to increase extracelluar fluid levels of serotonin
or norepinephrine in the rat ventral hippocampus (Yoshitake
et al., 2003).

One potentially critical factor contributing to the com-
plexity of galanin’s effects on monoamine function and
depression-related behavior is functional differences in
galanin receptor subtypes. It is only recently that this
question been addressable however, with the development
of subtype-specific pharmacological compounds and the
generation of mutant mice with functional inactivation of
specific galanin receptor subtypes. The three known gala-
nin receptor subtypes (GalR1, GalR2, GalR3) exhibit par-
tially differential distribution in midbrain and limbic areas
mediating emotional behaviors (Branchek et al., 2000;
Burazin et al., 2000; Hohmann et al., 2003; lismaa and
Shine, 1999; Kolakowski et al., 1998; Larm et al., 2003;
Mennicken et al., 2002; O’Donnell et al., 1999; Wang et al.,
1997; Waters and Krause, 2000). Galanin receptor sub-
types also activate different signal transduction pathways.
While GalR1 and GalR3 couple to inhibitory Gi/Go pro-
teins and attenuate cAMP levels, GalR2 signaling through
Gq/Gl1 causes elevation of intracellular calcium and
may be excitatory in certain cell types (Kolakowski et al.,
1998; Wang et al., 1999). These differences raise the pos-
sibility that activation of specific subtypes could determine
the nature of galaninergic effects on monoamine function

and depression-related behavior. For example, the actions
of galanin on this behavior could depend upon the recep-
tor subtype preferentially activated in a given species,
brain region or model system.

In this context, chronic fluoxetine administration has been
found to increase GalR2, but not GalR1, binding in the rat
DRN (Lu et al., 2005b). Lu and colleagues proposed that a
selective upregulation of GalR2 on DRN neurons, result-
ing in a relative shift from GalR1/GalR3 to GalR2 signal-
ing, might contribute to fluoxetine’s antidepressant-like
effects via GalR2-mediated excitation of DRN neurons
and subsequent augmentation of forebrain 5-HT release
(Lu et al., 2005b). This hypothesis will require further
testing, for example by using subtype-selective compounds
as they become available. Currently, however, there are no
brain-penetrant small molecule compounds with a high
degree of selectivity for GalR1 versus GalR2. Systemic
treatment with either the non-peptide, non-specific galanin
agonist galnon, or the more GalR1 selective galmic have
recently been shown to produce antidepressant-like effects
in the rat FST (Bartfai et al., 2004; Lu et al., 2005b). A
caveat to these data is that galmic has rather low affinity
for GalR1, while both drugs are known to have off-target
actions at sites known to mediate antidepressant responses,
including the 5-HT,5 receptor and serotonin transporter
(Floren et al., 2005; Sollenberg et al., 2005). Further stud-
ies will help ascertain these antidepressant-like effects are
mediated by galanin, for example by blocking their effects
with a specific galanin antagonist.
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Galanin receptor ‘knockout’ mice provide an alterna-
tive approach to delineate subtype function. Knockout
mice lacking the GalR1 receptor subtype (Jacoby et al.,
2002) have been phenotyped and found to display a nor-
mal phenotype in the tail suspension test (TST), a model
of depression-related behavior thought to be similar but
not necessarily synonymous with the FST (Holmes et al.,
2005). Antidepressant-like responses to acute treatment
with fluoxetine or the norepinephrine reuptake inhibitor,
desipramine, were also unaltered in GalR1 knockout
mice. These data suggest that GalR1 does not mediate
depression-related effects of galanin, and that GalR2 or
GalR3 may be more important modulators of such behav-
iors. However, it should be noted that neither icv galanin
in non-mutant mice, nor transgenic overexpression of
galanin in noradrenergic neurons, altered TST behavior
in this study (Holmes et al., 2005). Moreover, a separate
study has found that GalR2 knockout mice also exhibit
normal baseline behavior in the TST (Gottsch et al.,
2005). As such, it remains possible that either the mouse
or the TST are not sensitive to galaninergic modulation
of depression-related behavior, and that a depression-
related role for GalR1 would be detectable in another
model such as the mouse or rat FST. Another possibility
is that constitutive (i.e., life-long, tissue-ubiquitous)
mutation of galanin, GalR1 or GalR2 results in compen-
satory changes that underestimates the normal function
of these molecules (Crawley, 2000; Holmes, 2001;
Holmes et al., 2004). Nonetheless, even without a clear
baseline phenotype on these tasks, galanin receptor
knockout mice could still prove to be a useful tool for
verifying the behavioral specificity of receptor agonists
and antagonists.

The comparatively sparse and discrete distribution of
GalR3 in brain has meant this receptor subtype has been
understudied for its behavioral functions relative to GalR1
and GalR2. However, recent data have implicated GalR3
in depression-related behavior. Swanson and colleagues
found that either acute or chronic systemic administration
of a novel small molecule GalR3-selective antagonist,
SNAP 37889, produced antidepressant-like effects in the
rat FST (Swanson et al., 2005). As a possible mechanism
subserving these effects, SNAP 37889 and the related
compound, SNAP 398299, partially reversed the ability
of galanin to inhibit DRN firing and serotonin release in
the ventral hippocampus (Swanson et al., 2005). While
further work will be needed to extend these encouraging
findings to other models and to replicate them in other
laboratories (depression-related effects of a GalR3-acting
compound have been reported in abstract form by another
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group; (Barr et al., 2004)) and then the clinic, they suggest
another potentially promising target for developing a gala-
nin-targeted antidepressant.

Galaninergic modulation of rodent
anxiety-related behaviors

As with research on the putative role of galanin in mod-
ulating depression, research on galanin and anxiety is a
nascent, but rapidly evolving field. Various manipula-
tions of galanin, including administration of galanin,
galanin fragments, small molecule galanin receptor li-
gands, or genetically-engineered alterations in endogen-
ous galanin have produced diverse effects on rodent
anxiety-related behaviors (see Table 2). Early work by
Heilig and colleagues showed that icv galanin had
anxiolytic-like effects in the rat Vogel conflict test (Bing
et al., 1993), while direct injection of galanin into the
amygdala produced the opposite effect on the same task
and failed to alter behavior on the elevated plus-maze
(Moller et al., 1999).

More recently, Morilak and colleagues found that intra-
amygdala injection of the peptidergic galanin antagonist,
M40, exerted anxiogenic-like effects in the rat elevated
plus-maze, but only in animals that had been subjected to
restraint stress and treatment with the a2-adrenergic auto-
receptor antagonist, yohimbine (Khoshbouei et al., 2002a).
Using in vivo microdialysis, the study also showed that
galanin was released in the amygdala by the combination
of stress and yohimbine. These effects have been repli-
cated (Barrera et al., 2006) and interpreted as evidence
that galanin is released in the amygdala in response to the
high noradrenergic activity produced by the combination
of stress and pharmacological blockade of negative feed-
back inhibition of norepinephrine release. The precise
anatomical and mechanistic basis of this relationship
remains to be determined. Barrera et al. (2006) recently
demonstrated that lesioning the noradrenergic input from
the locus coeruleus to the amygdala did not block these
anxiolytic-like effects of galanin in this paradigm, sug-
gesting that the source of galanin was not co-released from
noradrenergic neurons.

An interesting parallel with these data from rats has
been obtained in mutant mice engineered to conditionally
overexpress galanin in epinephrine and norepinephrine-
synthesizing neurons via coupling of the mouse galanin
gene to a human dopamine B-hydroxylase (DBH) promo-
ter (Crawley et al., 2002; Steiner et al., 2001). Phenotypic
analysis demonstrated that both this line, as well as the
PDGF-B-coupled galanin overexpressing transgenic line
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Table 2. Effects of galanin treatments and mutations on fear and anxiety-related behaviors
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Treatment/mutation Species Endpoint measure Behavioral effect Reference
Galanin icv Rat Vogel conflict test Anxiolytic-like Bing et al., 1993
Rat Shock-induced freezing None Holmes et al., 1994
Mouse Elevated plus-maze None Karlsson et al., 2005
Mouse Novel open field test None Karlsson et al., 2005
Mouse Light/dark exploration test None Karlsson et al., 2005
Mouse Pavlovian fear conditioning None Karlsson et al., 2005
Galanin intra-amygdala Rat Vogel conflict test Anxiogenic-like Moller et al., 1999
Rat Elevated plus-maze None Moller et al., 1999
Galanin antagonist, M40, Rat Elevated plus-maze Blocked anxiolytic-like effect Khoshbouei et al., 2002a
intra-amygdala of combined restraint
stress 4+ yohimbine treatment
Galanin antagonist, M40, Rat Defensive burying Anxiolytic-like Echevarria et al., 2005
intra- lateral septum
Galanin antagonist, M40, Rat Elevated plus-maze Blocked anxiogenic-like effect Khoshbouei et al., 2002b
intra-BNST of restraint stress
Rat Social interaction Blocked anxiogenic-like effect Khoshbouei et al., 2002b
of restraint stress
GalR3 antagonist, SNAP Mouse Stress-induced hypothermia Anxiolytic-like Swanson et al., 2005
37889 Rat Social interaction test Anxiolytic-like Swanson et al., 2005
Rat Vogel conflict test Anxiolytic-like Swanson et al., 2005
Guinea pig Separation-induced Anxiolytic-like Swanson et al., 2005
vocalization test
Galanin overexpression Mouse Novel open field test None Holmes et al., 2002
(DBH promoter) Mouse Elevated plus-maze None Holmes et al., 2002
Mouse Light/dark exploration test Blocked anxiogenic-like effect Holmes et al., 2002
of yohimbine
Galanin overexpression Mouse Elevated plus-maze None Kuteeva et al., 2005
(PDGF-B promoter) Mouse Novel open field test None Kuteeva et al., 2005
Mouse Light/dark exploration test None Kuteeva et al., 2005
GalR1 knockout Mouse Elevated plus-maze Anxiogenic-like Holmes et al., 2003
Mouse Novel open field test None Holmes et al., 2003
Mouse Light/dark exploration test None Holmes et al., 2003
Mouse Emergence test None Holmes et al., 2003
GalR2 knockout Mouse Novel open field test None Gottsch et al., 2005
Mouse Stress-induced hypothermia None Gottsch et al., 2005

iv, Intravenous; icv, intracerebroventricular; BNST, bed nucleus of the stria terminalis; DBH, dopamine B-hydroxylase; PDGF-B, platelet-derived

growth factor B promoter

noted above, exhibited normal baseline anxiety-like behav-
ior in several anxiety-related tasks including the elevated
plus-maze, open field and the light/dark exploration tests
(Holmes et al., 2002; Kuteeva et al., 2005). Similarly, in
non-mutant C57BL/6J mice, icv administration of gala-
nin was found to exert no anxiety-related effects across a
range of tasks that were sensitive to the anxiolytic-like
effects of neuropeptide Y icv treatment in the same
experiment (Karlsson et al., 2005). Interestingly, however,
further testing of the DBH-coupled transgenic line demon-
strated that galanin overexpression rendered mice insen-
sitive to the anxiogenic-like effects of yohimbine treat-
ment as compared to their wild-type littermates (Holmes
et al., 2002).

Together, these data provide tentative support for the
hypothesis that galanin may be activated under conditions

of high noradrenergic activity such as those evoked by
stress or pharmacological challenge and thereby preferen-
tially exert anxiolytic actions under these pathological
states. In this context, a number of studies have shown
that various forms of stress (e.g., social, exercise, cold,
pain, immobilization) increase prepro-galanin gene expres-
sion in the locus coeruleus, as well as forebrain regions
such as the amygdala and hypothalamus (Holmes et al.,
1995; Makino et al., 1999; O’Neal et al., 2001; Palkovits,
2000; Sweerts et al., 1999, 2000). Interestingly, other
stressors, e.g., footshock and chromic mild stress, have
been found to either produce no effect, or decrease galanin
mRNA expression in these same brain regions (Sergeyev
et al., 2005; Soares et al., 1999). In addition, galanin is
expressed in the paraventricular nucleus of the hypo-
thalamus with corticotropin-releasing factor and vasopres-
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sin (Mazzocchi et al., 1992) and is known to modulate
hypothalamic-adrenal-pituitary (HPA)-axis responses to
stress. Administration of galanin can either increase or
decrease stress-induced activation of the HPA-axis depend-
ing upon the site of administration (Hooi et al., 1990;
Khoshbouei et al., 2002b; Malendowicz et al., 1994).

Further, indirect evidence of a role for galanin in mod-
ulating anxiety-related behaviors in relatively stressful
conditions has been obtained from studies using GalR1
knockout mice (Jacoby et al., 2002). These mutants
showed heightened anxiety-like behavior relative to wild-
type controls, but only on the elevated plus-maze, and
not the light-dark exploration, emergence or novel open
field tests (Holmes et al., 2003b). The same study found
that, in non-mutant C57BL/6J mice, exposure to the
elevated plus-maze produced a greater activation of the
HPA-axis than the other tests (Holmes et al., 2003b).
In addition, GalR1 KO mice were impaired on trace
fear conditioning, a form of emotional learning that is
impaired by certain stressors (Wood and Shors, 1998).
Interestingly, while one study found that GalR2 knock-
out mice showed normal anxiety-like behavior on the
novel open field and stress-induced hypothermia tests
(Gottsch et al., 2005), work on a separate line of GalR2
knockout mice published in abstract form has revealed
an anxiogenic-like phenotype that is again specific to the
elevated plus-maze (Bailey et al., 2005). One interpreta-
tion of these data is that the elevated plus-maze generates
a relatively high level of anxiety-like behavior that is
necessary to recruit galanin, and in doing so reveals
the anxiety-related role of GalR1 and GalR2 in their
absence.

The notion that a certain threshold level of emotional
provocation or neuropathology may be required to recruit
galanin’s anxiety-related effects is concordant with the
more general model that neuropeptides principally exert
their neurophysiological effects during strong stimula-
tion of an interacting principal neurotransmitter system
(Consolo et al., 1994; Hokfelt et al., 1987; Lundberg
et al., 1983). Interestingly, there is evidence that anti-
noradrenergic actions of galanin may extend to other
pathological states. Opiate withdrawal is characterized
by an array of behavioral and neurophysiological changes
including noradrenergic hyperactivation and mood dis-
turbances (Maldonado and Koob, 1993). In mice, opiate
withdrawal has been shown to produce increased GalR1
mRNA levels and radioligand binding in the locus coer-
uleus (Zachariou et al., 2000). Demonstrating the func-
tional relevance of these changes, a recent study found
that DBH-coupled galanin-overexpressing transgenic mice

and non-mutant C57BL/6J mice systemically treated with
the galanin receptor agonist, galnon, show attenuated
withdrawal while, in contrast, galanin knockout mice ex-
hibit greater withdrawal severity than wild-type controls
(Zachariou et al., 2003).

A model that posits an anxiolytic-like effect of gal-
anin under conditions of stress and hyperarousal has
intuitive appeal in terms of developing a clinically effi-
cacious anxiolytic compound with a low side-effect bur-
den (Holmes et al., 2003a; Holmes and Picciotto, 2006).
However, as discussed in a recent commentary by
Barrera and colleagues, the available evidence indicates
that galaninergic modulation of anxiety is likely to be
more complex than a stress/anti-noradrenergic models
permits (Barrera et al., 2005). For example, adminis-
tration of the galanin antagonist, M40, directly into
the BNST found to reduce anxiety-like behavior in
restraint-stressed rats tested on the elevated plus-maze
or social interaction test (Khoshbouei et al., 2002a)
while, in a separate study, M40 injected into the lateral
septum reduce anxiety-like behavior in the shock-probe
burying test (Echevarria et al., 2005). These effects are
opposite to that produced by intra-amygdala galanin
in the same laboratory, and suggest a pro-anxiety, rather
than anxiolytic-like, effect of endogenous galanin in the
BNST and lateral septum. Clearly, the anxiety-related
effects of galanin are complex, and elucidation of the
role of the peptide in anxiety might be complicated by
differences in its effects across species, brain regions and
behavioral paradigms.

As with research on possible antidepressant properties
of galanin, a greater understanding of the relative contri-
bution of galanin receptor subtypes may go some way to
clarifying galaninergic modulation of anxiety-related
behaviors. The development and evaluation of selective
GalR1 and GalR2 compounds is still awaited. However, a
recent study has shown that a novel GalR3-selective
antagonist, SNAP 37889, exhibits anxiolytic-like effects
across a range of anxiety tests and species (rat social
interaction and Vogel conflict tests, mouse stress-induced
hyperthermia, guinea pig separation-induced vocalization
test) (Swanson et al., 2005).

These novel findings illustrate the rapid progress in
elucidating galanin’s role in anxiety and depression.
Further developments in this exciting field of preclinical
research are anticipated in the near future. The results of
these studies will be critical in deciding whether to pro-
ceed with costly drug development and subsequent clin-
ical trials to evaluate the anxiolytic and antidepressant
efficacy of novel compounds targeting galanin.
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