
ORIGINAL INVESTIGATION

Antidepressant activity of nociceptin/orphanin FQ receptor
antagonists in the mouse learned helplessness

Victor A. D. Holanda1 & Iris U. Medeiros1 & Laila Asth1
& Remo Guerrini2 &

Girolamo Calo’3 & Elaine C. Gavioli1

Received: 16 December 2015 /Accepted: 14 April 2016 /Published online: 30 April 2016
# Springer-Verlag Berlin Heidelberg 2016

Abstract
Rationale Pharmacological and genetic evidence support
antidepressant-like effects elicited by the blockade of the
NOP receptor. The learned helplessness (LH) model employs
uncontrollable and unpredictable electric footshocks as a
stressor stimulus to induce a depressive-like phenotype that
can be reversed by classical antidepressants.
Objectives The present study aimed to evaluate the action of
NOP receptor antagonists in helpless mice.
Methods Male Swiss mice were subjected to the three steps of
the LH paradigm (i.e., (1) induction, (2) screening, and (3)
test). Only helpless animals were subjected to the test session.
During the test session, animals were placed in the electrified
chamber and the latency to escape after the footshock and the
frequency of escape failures were recorded. The effect of the
following treatments administered before the test session were
evaluated: nortriptyline (30 mg/kg, ip, 60 min), fluoxetine
(30 mg/kg, ip, four consecutive days of treatment), and NOP
antagonists SB-612111 (1–10 mg/kg, ip, 30 min) and UFP-

101 (1–10 nmol, icv, 5 min). To rule out possible biases, the
effects of treatments on controllable stressful and non stressful
situations were assessed.
Results In helpless mice, nortriptyline, fluoxetine, UFP-101
(3–10 nmol), and SB-612111 (3–10 mg/kg) significantly re-
duced escape latencies and escape failures. No effects of drug
treatments were observed in mice subjected to the controllable
electric footshocks and non stressful situations.
Conclusions Acute treatment with NOP antagonists reversed
helplessness similarly to the classical antidepressants. These
findings support the proposal that NOP receptor antagonists
are worthy of development as innovative antidepressant
drugs.

Keywords Antidepressants . LHmodel . Uncontrollable
stress . NOP receptor . UFP-101 . SB-612111 .Mouse

Introduction

Major depressive disorder is one of the most common psy-
chiatric disorders in the world, causing psychological, be-
havioral, and physical symptoms that negatively affect the
quality of life of patients. Major depression affects people at
any age and is more prevalent in women than in men
(Kessler and Bromet 2013).

Current evidence supports the idea of dysfunction in nor-
adrenergic and serotonergic transmission to explain the neu-
robiology of major depression. In fact, most of the antidepres-
sants available nowadays increase monoamine levels in the
synaptic cleft, and this consequently leads to long-term plas-
ticity in neural circuits (Nemeroff and Owens 2002). The on-
set of the therapeutic effect of antidepressants occurs after
weeks of use, and their side effects appear at the beginning
of the treatment and sometimes can be enduring. Moreover,
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only a relative low percentage of patients are fully responsive
to current antidepressant drugs (Thase and Denko 2008).
Therefore, new and more efficacious therapeutic treatments
are mandatory.

Nociceptin/orphanin FQ (N/OFQ) is a heptadecapeptide
acting as the endogenous ligand of an inhibitory G protein-
coupled receptor named N/OFQ peptide receptor (NOP)
(Lambert 2008). Both peptide and its receptor are widely dis-
tributed in the limbic structures involved in processing emo-
tional stimuli which support a regulatory role of N/OFQ sig-
naling in stress-related psychiatric disorders, such as depres-
sion and anxiety, feeding and homeostasis of body weight,
and drug abuse (for reviews, see Gavioli and Calo’ 2013;
Witkin et al. 2014).

A growing body of evidence supports the benefits of NOP
antagonists on the treatment of mood disorders (Gavioli and
Calo’ 2013). In fact, NOP antagonists induce antidepressant-
like effect in rodents subjected to the forced swim, tail
suspension, and chronic mild stress assays, which were
abrogated by previous administration of N/OFQ (Redrobe et
al. 2002; Gavioli et al. 2003; Gavioli et al. 2004; Vitale et al.
2009). NOP antagonists also counteracted LPS-induced de-
pressive-like behavior in mice (Medeiros et al. 2015).
Importantly, NOP receptor knockout mice and rats display
an antidepressant-like phenotype in behavioral despair assays
(Gavioli et al. 2003; Rizzi et al. 2011). Recently, these preclin-
ical findings were corroborated by studies performed with the
novel NOP receptor antagonist LY2940094 (Toledo et al.
2014). This compound induces antidepressant-like effects in
rodent models, and more importantly displayed antidepressant
efficacy in patients with major depressive disorder (Post et al.
2015).

Animal models that mimic more specifically the patho-
physiologic context of major depression may contribute to
extend our knowledge about the role of N/OFQ-NOP receptor
system in mood disorders. In the learned helplessness (LH)
model, rodents display helpless condition after being subject-
ed to a protocol of uncontrollable and unpredictable electric
footshocks (Overmier and Seligman 1967; O’Neil and Moore
2003). The helpless condition characterizes a depressive-like
phenotype with changes in animal behavior that simulate the
symptomatology of major depression patients (Dess et al.
1988; Greenberg et al. 1989; Adrien et al. 1991). Chronic
and acute treatment with several classes of antidepressants
prevents or reverses this depressive-like behavior (Telner et
al. 1981; Sherman et al. 1982; Martin et al. 1987; Takamori et
al. 2001; Chourbaji et al. 2005; Joca et al. 2006; Valentine et
al. 2008; Zazpe et al. 2007).

The antidepressant-like effects produced by the NOP re-
ceptor blockade has been well established, at least by analyz-
ing the rodents basal behavior in despair tests (Redrobe et al.
2002; Gavioli et al. 2003; Gavioli et al. 2004; Rizzi et al. 2007;
Goeldner et al. 2010; Post et al. 2015). However, these tests,

despite their wide use to predict the effects of antidepressants,
have no direct relationship to depressive symptoms in humans
(Holmes 2003; Petit-Demouliere et al. 2005). Thus, consider-
ing the face, predictive, and constructive validity of the LH
model, the aim of the present study was to evaluate the effects
of peptide and non peptide NOP receptor antagonists in help-
less mice.

Material and methods

Animals

Experiments were performed using Swiss male mice breaded
at the Federal University of Rio Grande do Norte (Natal,
Brazil). Despite the higher prevalence of mood disorders in
women compared tomen, literature data have already reported
absence of helpless behavior in female rodents (Dalla et al.
2008); for this reason, only male mice were employed in this
study. Mice were 12–16 weeks old (30–35 g) and were housed
in groups of 10–16 under standard conditions (22 °C; 12-h
light:12-h dark cycle, lights on at 6:00 am) with food and
water ad libitum in plastic cages (33×40×17 cm). A total
number of 188 mice were used to develop this study, 104 mice
being used for uncontrollable footshock experiments, 40 mice
for non stressful situations, and 44 mice for controllable
footshock assays. The experiments were performed during
the mornings between the period of 7:00 and 11:00 am.
When subjected to the inescapable and uncontrollable
footshock sessions, approximately 80% of animals developed
the helpless phenotype. All the experimental series were con-
ducted in accordance with the Brazilian law no. 11.794/2008
for care and use of experimental animals and were approved
by the Local Ethics Committee for Animal Use of the Federal
University of Rio Grande do Norte (License no. 063/2013).
This study is reported following the ARRIVE guidelines
(Kilkenny et al. 2010).

Drugs and treatments

Nortriptyline (Pamelor®, NOVARTIS Biociências S.A.,
São Paulo, Brazil), fluoxetine (Medley Pharmaceutical
Industry, Campinas, SP, Brazil), UFP-101 ([Nphe1,Arg

14,
Lys15]N/OFQ-NH2, synthesized by Prof. Guerrini,
Department of Pharmaceutical Sciences, University of
Ferrara, Italy), and SB-612111 (Tocris Bioscience,
Bristol, UK) were used. Both nortriptyline and fluoxetine
were dissolved in saline solution while SB-612111 was
solubilized in dimethylsulphoxide (DMSO) in a final con-
centration not exceeding 0.8 %. Stock solutions of UFP-
101 (50 mmol) were stored at −20 °C and were diluted to
the desired concentrations in saline before experiments.
Acute nortriptyline (30 mg/kg) and fluoxetine (30 mg/kg)
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were intraperitoneally injected 60 min before the test ses-
sion (session 3). Moreover, fluoxetine (30 mg/kg, ip) was
repeatedly injected during four consecutive days, starting
after the screening session (session 2), and the fourth dose
was injected 60 min before the test session (session 3).
Only for the repeated fluoxetine administration, an exten-
sion of 72 h in the time frame between the screening ses-
sion (session 2) and test session (session 3) was assumed.
The dosages of nortriptyline and fluoxetine were based on
previous studies demonstrating reversal of shock-induced
shuttle box escape deficits after acute or repeated injections
of these antidepressants (Telner et al. 1981; Zazpe et al.
2007) and decreased immobility in the forced swimming
test (De Moura et al. 2014; Da-Rocha et al. 1997).

The non peptide SB-612111 (1, 3, and 10 mg/kg, ip) and
the peptide NOP antagonist UFP-101 (1, 3, and 10 nmol,
intracerebroventricularly (icv)) were injected 30 and 5 min,
respectively, before the test session. The doses, route of
administration, and pretreatment time for SB-612111 and
UFP-101 were based on previous studies which demon-
strated antidepressant-like actions for these compounds in
mice (Rizzi et al. 2007; Gavioli et al. 2003). Icv injections
were performed at the rate of 2 μl/min through a needle
(27 G) protruding 1 mm from the cannula tip. Control
groups were treated with their respective vehicles (saline
or DMSO 0.8 % solutions) following the same schedule
described to treatment groups. All drugs injected ip were
given in a volume of 10 ml/kg. All drugs were freshly
prepared before experiments.

Cannula implantation

Surgical procedure to implantation the cannula in lateral
ventricle was conducted in mice under anesthesia with ke-
tamine and xylazine (100 and 10 mg/kg, ip, respectively)
placed in a stereotaxic apparatus. A stainless steel 8-mm
guide cannula (25 × 0.7 mm) was placed in the lateral ven-
tricle according to the atlas of Paxinos and Franklin (2008)
(coordinates: lateral +1.1 mm, posterior −0.6 mm, and ven-
tral −1.0 mm); cannula was fixed with dental cement. To
prevent occlusion, a dummy cannula was inserted inside
the guide cannula. After surgery, pain, inflammation, and
possible infections were prevented by treating animals
with subcutaneous diclofenac sodium administration
(10 mg/kg) and tetracycline (20 mg/kg, im). The animals
were allowed to recover for at least 4 days before being
tested. At the end of experimental procedures, all animals
were euthanized with an overdose of sodium thiopental
and transcardially perfused with saline solution. The place-
ment of the cannula was verified under a light microscope.
Results of animals in which the cannula was not correctly
placed were excluded for further analysis (less than 10 %).

Learned helplessness model

The LH model was conducted as previously described
(Maeng et al. 2008;Malkesman et al. 2012). The animals were
individually placed in a Plexiglas box with a stainless steel
grid floor (0.3×1 cm) attached to an electric shock generator
(AVS Projetos, Ribeirão Preto, SP, Brazil). The apparatus is
divided in two compartments (50×30×30 cm) by a guillotine
door (12×25 cm). Mice were subjected to electric footshocks
during three consecutive days. At the first experimental ses-
sion (session 1—induction), mice were exposed to 180 cycles
of randomically assigned inescapable electric footshocks
(0.5 mA, 1–10 s shock duration, 10-s average interval). At
the second (session 2—screening) and third (session 3—test)
experimental sessions, mice were exposed to 30 cycles of
electric footshocks (0.5 mA, 1–10 s shock duration, 20-s av-
erage interval); in this case, animals could escape from electric
footshocks by moving to the other side of the box. The dura-
tion of induction session was 60 min, while the screening and
test sessions last about 15 min. Mice that failed in more than
20 attempts to escape at the second session were considered
helpless. Those animals that did not reach this criterion were
excluded from this study. At the third session, the following
parameters were evaluated: escape latency (s) and number of
escapes. The assessment of movement between chamber sides
was recorded manually by an experienced observer who was
blind with respect to the treatment conditions. Helpless mice
were tested at the third session, after treatment with nor-
triptyline, fluoxetine, SB-612111, UFP-101, or vehicle.
The detailed information about the LH model is illustrated
in Table 1.

Treatment in non stressful and controllable footshock
situations

Additional experiments were performed in order to rule out
putative drug effects on the behavior of mice under non stress-
ful and controllable footshock situations. Only the active doses
were tested under these conditions. To evaluate the effects of
drugs on non stressful situations, naïve mice were placed in the
chamber with the guillotine door closed at the first day, being
opened at the two consecutive days. During these series, mice
did not receive any electric footshock. These 3-day sessions
(without footshocks) lasted approximately the same time as in
the LH model. In contrast, in experiments aimed at putative
effects of treatments on controllable stressful situations, electric
footshocks were delivered to mice placed in the chamber with
the guillotine door open during all the 3 days of experiment.
The number of cycles with electric footshocks during each
experimental session was the same as in the LH model. On
day 3 for both series of experiments (i.e., non stressful and
controllable footshocks situations) mice were treated with the
drugs and the following parameters were recorded: escape
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latencies (s) and number of escapes. The detailed information
about the effects of drug treatments on non stressful and con-
trollable stressful situations is illustrated in Figure S1 and S2.

Data analysis

Data are presented as mean (for escape latencies) and mean
± sem (for frequency of escape) of n animals. Data sets were
initially checked for normality and homogeneity of variance
before use of parametric statistical tests. Significant differ-
ences between escape latency data were evaluated using
two-way ANOVA (independent factors: trials and treatments)
followed by Dunnett’s post hoc test. The differences between
number of escapes of distinct treatment groups were evaluated
through unpaired Student’s t test or one-way ANOVA follow-
ed by Dunnett’s post hoc test, when two or more groups were
compared, respectively. Differences were considered statisti-
cally significant when P<0.05. For the statistical analysis, the
GraphPad Prism software version 5.0 (Graph Pad Software
Inc., San Diego, USA) was used.

Results

Effects of standard antidepressants in the learned
helplessness model

Under the present experimental conditions, an overall analysis
indicated that approximately 80% ofmice subjected to the LH
model developed the helpless phenotype. As shown in Fig. 1,
helpless mice displayed average escape latency in the range of
20–25 s and their average of successful escapes after
footshock was around 5 (within 30 trials). The acute treatment
with nortriptyline prior to the test session significantly reduced
escape latencies and increased the number of escapes (Fig. 1a,
treatment factor: F(1,360) = 461.8, P<0.05, two-way ANOVA,
Dunnett’s test; Fig. 1b, t(12) = 15.0, P < 0.05, unpaired
Student’s t test).

In order to further validate experimental conditions, the
effects of fluoxetine were also tested. As shown in Fig. 2,

the acute administration of fluoxetine did not modify escape
behavior deficits (Fig. 2a, treatment factor: F(1,270) = 1.8,
P > 0.05, two-way ANOVA, Dunnett’s test; Fig. 2b,
t(9) = 1.4, P>0.05, unpaired Student’s t test). On the contrary,
the repeated treatment (4 days) with this drug promoted a
significant improvement on the behavioral deficits induced
by the LH model (Fig. 2c, treatment factor: F(1,360) = 119.4,
P<0.05, two-way ANOVA, Dunnett’s test; Fig. 2d, t(12) =3.4,
P<0.05, unpaired Student’s t test).

Effects of NOP receptor antagonists in the mouse learned
helplessness

Two chemically different NOP receptor antagonists, the pep-
tide UFP-101 and the non peptide SB-612111, were tested in
the LH model aiming to evaluate the influence of NOP recep-
tor blockade in the mouse behavior. Three different doses of
SB-612111 and UFP-101 were given to mice on day 3 of the
LH procedure. As illustrated in Fig. 3, the administration of
the two higher doses of SB-612111 (3 and 10 mg kg, ip) were
able to significantly reduce escape latencies and increase the
number of successful escapes compared to vehicle-treated
mice (Fig. 3a, treatment factor: F(3,630) = 125.8, P< 0,05,
two-way ANOVA, Dunnett’s test; Fig. 3b, F(3,21)= 71.0,
P < 0.05, one-way ANOVA, Dunnett’s test). Similar
antidepressant-like effects were observed in helpless mice
treated icv with UFP-101 at 3 and 10 nmol (Fig. 4a, treatment
factor: F(3,1080) = 225.9, P < 0.05, two-way ANOVA,
Dunnett’s test; Fig. 4b, F(3,36) = 150.1, P< 0.05, one-way
ANOVA, Dunnett’s test). The lower doses of SB-612111
and UFP-101 did not evoke any significant change in the
behavior of helpless mice.

Effects treatments on controllable electric footshock
and non stressful situations

This series of data was performed to investigate putative drug
effects on the behavior of animals subjected to non stressful and
controllable footshock situations. The active doses of nortripty-
line (30mg/kg, ip), fluoxetine (30mg/kg, four consecutive days

Table 1 Detailed representation of the triadic design protocol performed during days 1 to 3 of the uncontrollable (LH model), controllable and non
stressful situations

Session Uncontrollable stressful situation Non stressful situation Controllable stressful situation

Induction (session 1) Inescapable and variable ES No ES Escapable and variable ES

180 footshock sessions, GD closed 60 min, GD closed 180 footshock sessions, GD open

Screening (session 2) Escapable and variable ES No ES Escapable and variable ES

30 footshock sessions, GD open 15 min, GD open 30 footshock sessions, GD open

Avoidance test (session 3) Escapable and variable ES No ES Escapable and variable ES

30 footshock sessions, GD open 15 min, GD open 30 footshock sessions, GD open

GD guillotine door, ES electric footshocks
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of treatment, ip), SB-61211 (10 mg/kg, ip), and UFP-101
(10 nmol, icv) were administered inmice. No changes in animal
behavior were detected in response to these treatments as
assessed by the number of escapes and the latencies to escape
from one chamber to other (Figure S1 and S2, P>0.05).

Discussion

In this study, we showed that the administration of nortripty-
line and fluoxetine completely reversed the mouse helpless
phenotype. Similar to standard antidepressants, the treatment
with the NOP receptor antagonists UFP-101 and SB-612111
restored in a dose-dependent manner the behavior of mice
subjected to the LH model.

Learned helplessness was one of the earliest paradigms
used to model depression (Seligman et al. 1968). Together
with the chronic mild stress (Wiborg 2013) and chronic

psychosocial stress models (Fuchs et al. 2004), it belongs to
the environmental stress models of depression. The exposure
to unavoidable and unpredictable electric footshocks gener-
ates a coping deficit in aversive but avoidable situations—
i.e., session 3 of LH paradigm (Vollmayr and Gass 2013).
Additionally, others changes such increasing stereotyping, de-
creasing appetitive discrimination, and modification of eating
habits besides increased ulceration and heart rate were found
in helpless rodents (Pryce et al. 2011). The LH model has
translational validity according to the following proposed
criteria for animal models of depression (Vollmayr and Gass
2013): (i) construct validity, since the experience in facing
aversive and uncontrolled events appears to be the basis of
physiological, emotional, cognitive, and motivational changes
related with depression in both rodents and humans; (ii) face
validity, since there is phenomenological similarity (i.e., mo-
tivational deficit, passive behavior) between the animal be-
havior after exposure to the LH model and depressed patients;
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escape latencies (a) and number of escapes (b) in helpless mice. Data are
the mean (escape latency) and mean ± sem (escapes) of 5–9 mice/group.
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Fig. 2 Effects of acute (a, b) and
four consecutive days of
administration (c, d) of fluoxetine
(30 mg/kg, ip) on the escape
latencies and number of escapes
in helpless mice. Data are the
mean (escape latency) and mean
± sem (escapes) of 5–6 (a, b) and
7 (c, d) mice/group. *P< 0.05 vs.
saline, according to two-way
ANOVA followed by Dunnett’s
test (a, c) and unpaired Student’s t
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and (iii) predictive validity, since the animal helpless behavior
is sensitive to drugs currently used for treating depressed pa-
tients (for a review see Vollmayr and Gass 2013).

With the experimental conditions adopted in the present
study, the above mentioned criteria were met; in fact, a high
percentage of mice subjected to inescapable footshock ses-
sions acquired the helpless phenotype. The treatment with
two different classes of antidepressants restored the behavioral
deficits generated by the exposure to the LH paradigm. In fact,
the acute administration of the tricyclic antidepressant nortrip-
tyline decreased escape latencies and escapes failure; similar
results have been already described in the literature with nor-
triptyline and other tricyclic antidepressants (Telner et al.
1981; Kametani et al. 1983). Interestingly enough, acute treat-
ment with the serotonin selective reuptake inhibitor fluoxetine
was ineffective. On the other hand, when the drug was given
during four consecutive days, it completely reversed the help-
less phenotype. Our data are in line with the literature since
some studies have demonstrated SSRI effectiveness in the LH
model only with repeated administrations (Valentine et al.
2008; Zazpe et al. 2007). Subchronic treatment with different
doses of fluoxetine decreases the freezing response and in-
creases the avoidance responsiveness of rats against electric
footshocks (Ferguson et al. 2000; Zazpe et al. 2007).

In the present study, we demonstrated that two chemically
different selective NOP receptor antagonists elicited robust
antidepressive-like effects in helpless mice. Importantly, the
antagonists were effective in dose ranges that have been pre-
viously shown to counteract the actions induced by exogenous
N/OFQ (Calo et al. 2002; Rizzi et al. 2007). Thus, these find-
ings further support a large body of evidence indicating that
the blockade of NOP receptors promotes antidepressant-like
effects. In fact, the actions of distinct NOP antagonists (i.e.,
[Nphe1]N/OFQ(1-13)-NH2, UFP-101, SB-612111, J-113397,
LY2940094) has been well established in behavioral despair
tests (Gavioli and Calo’ 2013; Post et al. 2015).Moreover, it is
worth highlighting the studies of Vitale et al. (2009) and
Medeiros et al. (2015) which have demonstrated that the
blockade of NOP receptors reversed depressive-like behaviors
induced by chronic exposure to an unpredictable sequence of
mild stressful stimuli in rats and by the transient inflammatory
process elicited by a single administration of lipopolysaccha-
ride in mice. Very recently, a study performed with
LY2940094 provided the first clinical evidence for an antide-
pressant effect of a NOP antagonist in depressed patients (Post
et al. 2015). Thus, there is now in literature robust evidence
that NOP antagonists represent promising candidates for the
treatment of major depression.
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Fig. 3 Effects of acute SB-612111 (1, 3, and 10mg/kg, ip), a non peptide
NOP antagonist, on the escape latencies (a) and number of escapes (b) in
helpless mice. Data are the mean (escape latency) and mean ± sem

(escapes) of 6–8 mice/group. *P< 0.05 vs. vehicle, according to two-
way ANOVA followed by Dunnett’s test (a) and one-way ANOVA
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ANOVA followed by Dunnett’s test (a) and one-way ANOVA followed
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The effects of drug treatment on rodent locomotion and
cognition can bias the outcome of the LH model. To deal
with this issue, a triadic protocol design with two control
groups has been used to unambiguously interpret the drug
effects in the LH model (Drugan et al. 1997). One group
of animals is exposed to footshocks that can be controlled
by escaping. Animals of the second group are not exposed
to stress. Thus, the effects of drugs in animals exposed to
uncontrollable shocks (helpless mice) can be compared
with animals exposed to controllable shocks (cognitive
assessment) and to unstressed controls (locomotor assess-
ment). In this study, standard antidepressants nortriptyline
and fluoxetine, as well as the NOP antagonists UFP-101
and SB-612111 at the higher doses tested, did not evoke
locomotor alterations, since treated animals had equivalent
transitions compared to control mice. Similarly, all treat-
ments did not modify the animal behavior under a con-
trollable stressful situation. Thus, the effects of NOP
antagonists in the helpless animals are not biased by the
actions of drug treatments on controllable and non
stressful situations and can be interpreted as genuine
antidepressant-like action.

Evidence from microdialysis studies support a role for
monoamines underlying the behavioral changes evoked by
inescapable footshocks (Vollmayr and Gass 2013). In fact,
saline-treated helpless mice had significantly lower frontal
cortex 5-HT levels compared to animals treated with anti-
depressants (Petty et al. 1992). Moreover, resilient animals
in the LH model exhibited higher levels of hippocampal
noradrenaline compared to the helpless rats (Petty et al.
1993). Therefore, uncontrollable footshock promotes a
deficit of monoamine neurotransmission that can be re-
versed by antidepressants. Interesting enough, literature
findings suggest that the monoaminergic system plays also
a central role in the mechanism of action of NOP antago-
nists as antidepressant (for a review, see Gavioli and Calo’
2013). Briefly, it has been hypothesized that NOP antago-
nists could evoke antidepressant-like actions by blocking
the pre- and/or postsynaptic inhibitory effects exerted by
endogenous N/OFQ on monoaminergic cortical terminals
and dorsal raphe/locus coeruleus neurons. This seems to be
particularly relevant during stressful situations (Nazzaro et
al. 2010), in which NOP antagonists might act by restoring
monoamine levels in the brain circuitry controlling mood
behaviors.

In conclusion, the acute administration of NOP antagonists
dose dependently reversed the mouse helpless behavior. This
action of NOP antagonists must be interpreted as a genuine
antidepressant-like effect since no effects controllable stressful
and non stressful situations were observed. The present find-
ings thus corroborate the proposal that blocking NOP receptor
signaling is a rather promising strategy for the development of
innovative antidepressant.
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