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Abstract

Neuropeptide-Y acting via Y1 receptors reduces anxiety and stress sensitivity in rodents. In Y1
receptor knockout (Y1-/-) mice, however, anxiety-related behaviour is altered only in a context-
dependent manner. Here we investigated whether stress causes a delayed change in the emotional-
affective behaviour of female Y1-/- mice. Locomotor and anxiety-related behaviour was assessed
with the elevated plus-maze (EPM) test, and depression-like behaviour with the forced swim test
(FST). These behavioural tests were also used as experimental stress paradigms. Locomotion and
anxiety-like behaviour did not differ between naive control and Y1-/- mice. One week after the
FST, locomotion was reduced in control animals but unchanged in Y1-/- mice, whereas anxiety-
like behaviour remained unaltered in both genotypes. Depression-like behaviour (immobility) was
identical in naive control and Y1—-/- mice but, one week after the EPM test, was attenuated in

Y 1-/- mice relative to control animals. Our data show that naive female Y1-/- mice do not
grossly differ from female control animals in their locomotor and depression-like behaviour.
Exposure to the stress associated with behavioural testing, however, leads to delayed genotype-
dependent differences in locomotion and depression-like behaviour. These findings attest to a role
of Y1 receptor signalling in the control of stress coping and/or adaptation.
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INTRODUCTION

Neuropeptide-Y (NPY) is widely distributed in the central nervous system where it is
involved in the regulation of energy balance, seizure activity, cognition, mood, anxiety and
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stress reactions (Vezzani et al., 1999; Kask et al., 2002; Fetissov et al., 2004; Lin et al.,
2004; Eva et al., 2006; Karl and Herzog, 2007). Haplotype-driven expression of NPY in
humans predicts brain responses to emotional and stress challenges and inversely correlates
with trait anxiety (Zhou et al., 2008). The physiological actions of NPY are mediated by
several classes of NPY receptors, five of which (Y1, Y2, Y4, Y5 and y6) have been
elucidated at the gene and protein level (Michel et al., 1998; Redrobe et al., 2004). Coupled
to Gjjo signalling pathways, these Y receptors mediate the functional implications of NPY in
the brain.

Intracerebroventricular injection of NPY reduces both anxiety- and depression-related
behaviour in several animal models, an action that is primarily mediated by Y1 receptors
(Kask et al., 2002; Redrobe et al., 2002; Heilig, 2004; Primeaux et al., 2005; Karlsson et al.,
2008). The implications of endogenous NPY acting via Y1 receptors in the control of
emotionality, mood, stress reactions and nociception have been probed with Y1 receptor-
selective antagonists, Y1 receptor antisense oligonucleotides and the use of Y1 receptor
knockout (Y1-/-) mice (Eva et al., 2006). Intracerebroventricular injection of the Y1
receptor antagonist BIBP3226 to male rats enhances anxiety-like behaviour in the elevated
plus-maze test (Kask et al., 1996), an effect that is reproduced by injection of BIBP3226 into
the periaqueductal grey (Kask et al., 1998). Analysis of male Y1-/- mice has shown that
their behavioural phenotypes either exhibit minimal changes or are at some variance with
results of pharmacological studies (Lin et al., 2004; Wittmann et al., 2005; Eva et al., 2006).
While male Y1-/- mice display thermal, chemical and mechanical hyperalgesia (Naveilhan
et al., 2001; Shi et al., 2006), their locomotor, exploratory and anxiety-like behaviour is
altered only in a context-dependent manner depending on diurnal cycle or acute stress (Karl
et al., 2006).

Stress is known to reduce pain sensitivity and to affect emotional-affective behaviour (Mogil
et al., 1997; Chotiwat and Harris, 2006; Adriaan Bouwknecht et al., 2007; Stam, 2007).
While stress-induced analgesia does not seem to be altered in Y1-/— mice (Naveilhan et al.,
2001), their exploratory behaviour is enhanced by acute stress whereas, paradoxically,
anxiety-like behaviour is reduced in a context- and test-related manner (Karl et al., 2006). In
view of the proposed role of NPY and Y1 receptors in stress coping and stress adaptation we
hypothesized that, in Y1-/- mice, exposure to stress has a delayed influence on locomotor
and emotional-affective behaviour. Locomotor and anxiety-related behaviour was assessed
with the elevated plus-maze (EPM) test, and depression-like behaviour evaluated with the
forced swim test (FST) and tail suspension test (TST). At the same time, the EPM test, the
FST and electric foot-shocks were used as experimental stress conditions. The study was
performed with female mice, because affective disorders are more prevalent in women than
in men (Palanza, 2001; Simonds and Whiffen, 2003; Gorman, 2006) and because previous
studies involving pharmacological Y1 blockade or Y1 receptor knockout were performed
with male rather than female animals (Kask et al., 1996, 1998, 2000, 2001; Naveilhan et al.,
2001; Redrobe et al., 2002; Primeaux et al., 2005; Wittmann et al., 2005; Karl et al., 2006;
Shi et al., 2006).
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METHODS AND MATERIALS

Experimental animals

This study was carried out with adult female mice which were housed in groups of 3 — 4 per
cage under controlled temperature (21 °C) and a 12 h light/dark cycle (lights on at 6:00 h,
lights off at 18:00 h). All experiments were approved by an ethical committee at the Federal
Ministry of Science and Research of the Republic of Austria and conducted according to the
Directive of the European Communities Council of 24 November 1986 (86/609/EEC). The
experiments were designed in such a way that both the number of animals used and their
suffering was minimized.

Specifically, the experiments were performed with germline Y1-/- mice and non-induced
conditional Y1, Y2 and Y4 receptor knockout (FY1, FY2 and FY4) mice which were bred in
the Department of Pharmacology of the Medical University of Innsbruck (Innsbruck,
Austria), while all experiments were carried out at the Medical University of Graz. Germline
Y1-/- mice were obtained by crossing chimeric mice carrying a Y1 floxed gene (Y 1!0x/1ox)
with oocyte-specific Cre recombinase-expressing C57BL/6 mice (Howell et al., 2003; Karl
et al., 2004, 2006). Non-induced conditional FY1, FY2 and FY4 knockout mice were used
as controls in all experiments and termed control mice throughout the paper (Sainsbury et
al., 2002a, 2002b; Howell et al., 2003). Germline Y 1—-/— mice were generated from the same
founders on the same mixed C57BL/6 : 129/SvJ (50 % : 50 %) background as the
conditional FY1, FY2 and FY4 knockout mice. The deletion or presence of Y1 in the
germline and non-induced conditional knockout mice was verified by Southern analysis
(Howell et al., 2003; Karl et al., 2004, 2006).

Experimental protocols

Three studies with control and Y1-/- mice were performed. The general design of all
studies was such that the behavioural tests in question were carried out with naive animals
and with animals that had been subjected to a behavioural test before. Each study was
carried with separate groups of mice. In the first study, the locomotor and anxiety-like
behaviour of control and Y1-/- mice was recorded with the EPM test, and the behaviour of
naive animals compared with that recorded one week after experience of the stress
associated with the FST. In the second study, the depression-like behaviour of naive control
and Y1-/-mice was evaluated with the FST and TST. Forty-five minutes after the TST had
begun the plasma levels of corticosterone were determined. In addition, the depression-like
behaviour of control and Y1-/-mice in the FST was recorded one day or one week after
experience of the stress associated with the EPM test.

In the third study, thermal nociception and stress-induced analgesia (Mogil et al., 1997;
Naveilhan et al., 2001) in control and Y1-/- mice were checked with the plantar test. The
paw withdrawal latency following exposure to radiant heat was recorded in naive animals
and in mice that had been exposed to the foot-shock paradigm (interval 2 min) or the stress
associated with the FST (interval 2 or 60 min). The course of this experiment was such that
naive animals were allowed to acclimatize in the recording chambers for up to 60 min before
the paw withdrawal latency was recorded. On the following day, they were subjected to the
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FST. Immediately afterwards, the mice were returned to their home cage, dried with infrared
light and placed in the plantar test chamber to take measurements of the paw withdrawal
latency 2 — 6 min (Mogil et al., 1997) and 60 — 64 min post-FST. In addition, the paw
withdrawal latency was also measured 2 — 6 min after control and Y1-/- mice had been
exposed to the foot-shock paradigm.

Throughout the experiments the animals were housed in groups of 3 — 4 animals per cage.
After completion of each test, the animals were immediately returned to their cage mates in
the home cage. Care was taken not to change the cage mates during the experiments.

Behavioural tests

Prior to all behavioural tests, the mice were allowed to adapt to the test room (22 °C, 50 %
relative air humidity, lights on at 6:00 h, lights off at 18:00 h, maximal light intensity 100
lux) for two days.

Elevated plus-maze (EPM) test—The animals were placed in the center of a maze with
4 arms arranged in the shape of a plus (Pellow and File, 1986; Belzung and Griebel, 2001).
The maze consisted of a central quadrangle (5 x 5 cm), two opposing open arms (30 cm
long, 5 cm wide) and two opposing closed arms of the same size but equipped with 15 cm
high walls at their sides and the far end. The device was made of opaque gray plastic and
elevated 70 cm above the floor. The light intensity at the central quadrangle was 70 lux, on
the open arms 80 lux and in the closed arms 40 lux.

At the beginning of each trial, the animals were placed on the central quadrangle facing an
open arm. The movements of the animals during a 5 min test period were tracked by a video
camera above the center of the maze and recorded with the software VideoMot2 (TSE
Systems, Bad Homburg, Germany). This software was used to evaluate the animal tracks
and to determine the number of entries into the open and closed arms, the time spent on the
open and closed arms and the total distance traveled in the open and closed arms during the
test session. Entry into an arm was defined as the instance when the mouse placed its four
paws on that arm. The EPM test was carried out between 10:00 h and 12:00 h.

Locomotion was quantified by measuring the total distance traveled in the open and closed
arms and the total number of entries into any arm during the 5 min test session. Anxiety-
related behaviour was deduced from the time spent on the open arms and the number of
entries into the open arms. The time spent on and the number of entries into the open arms is
inversely related to the trait anxiety of the animals.

Forced swim test (FST)—When placed in an inescapable water container, mice first
struggle to escape but sooner or later abandon this behaviour and become immobile (Cryan
etal., 2002). Mice were individually placed in glass beakers (inner diameter 11.5 cm, height
24 cm, capacity 2 1) containing tap water at 25 °C. The water depth was 12 cm which
prevented the mice from touching the bottom of the beaker with their paws or the tail. Mice
were tested for 6 min and the time of immobility was scored by a trained observer. Mice
were considered immobile when floating passively in the water, performing only those
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movements required to keep their heads above the water level (Cryan et al., 2002). The FST
was carried out between 10:00 h and 12:00 h.

Tail suspension test (TST)—Following exposure to the inescapable stress of being
suspended by their tail, mice first struggle to escape but sooner or later attain a posture of
immobility (Steru et al. 1985; Liu & Gershenfeld 2001; Cryan et al. 2005). Mice were
suspended by their tail with a 1.9 cm wide strapping tape (OmnitapeR, Paul Hartmann AG,
Heidenheim, Germany) to a lever mounted to the top of a box (50 x 50 x 50 cm, length x
width x height). Each trial took 6 min and was carried out at a light intensity of 20 lux. The
time of immobility was scored by a trained observer. The TST was carried out between
10:00 h and 12:00 h.

Plantar test—Acute thermal nociception was assessed with a Plantar Test apparatus
(model 7370, Ugo Basile, Comerio, Italy) as described by Montagne-Clavel and Oliveras
(1996). The mice were placed in a clear plastic chamber (17 x 10.5 x 15 cm, length x width
x height) with a glass floor and allowed to acclimatize before testing. During this time, the
animals initially explored the chamber but subsequently stopped moving around and became
quiet. In the test, a mobile radiant infrared heat source, located under the glass floor, was
focused onto the plantar surface of one of the hindpaws. When the mice felt pain and
withdrew their paw, the instrument automatically detected the withdrawal latency to the
nearest 0.1 s. The intensity of the heat stimulus was adjusted so that the baseline latency in
control mice was approximately 4 s. A cutoff time of 15 s was chosen to avoid tissue
damage in the absence of a withdrawal response. The mean paw withdrawal latencies for
both hindpaws were calculated from the average of 3 separate trials, taken at 2 min intervals.
The plantar test was carried out between 10:00 h and 12:00 h.

Food-shock stress

Mice were exposed to inescapable foot-shocks after being placed in the light chamber of a
TSE Passive Avoidance system (TSE Systems, Bad Homburg, Germany). The floor of this
chamber (14 x 15.5 x 16 cm, length x width x height) was a stainless steel grid for
delivering foot-shocks, the bars of which measured 4 mm in diameter and were spaced 8.9
mm apart. During a period of 5 min, the animals were exposed to a total of 5 foot-shocks,
each of 0.4 mA intensity and 2 s duration (Stam, 2007). The shocks were delivered in a
random order, the inter-shock interval varying from 30 to 120 s.

Circulating corticosterone

The plasma levels of corticosterone were determined between 10:45 h and 12:45 h, 45 min
after the TST had begun. The animals were deeply anaesthetized with pentobarbital (150
mg/kg IP) before they were decapitated. Trunk blood was collected into vials coated with
ethylenediamine tetraacetate (Greiner, Kremsmiunster, Austria) kept on ice. Following
centrifugation for 20 min at 4 °C and 1200 x g, blood plasma was collected and stored at
=20 °C until assay. The plasma levels of corticosterone were determined with an enzyme
immunoassay kit (Assay Designs, Ann Arbor, Michigan, USA). According to the
manufacturer’s specifications, the sensitivity of the assay is 27 pg/ml, and the intra- and
inter-assay coefficient of variation amounts to 7.7 and 9.7 %, respectively.
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Statistical evaluation of the results was performed on SPSS 14.0 (SPSS Inc., Chicago, IL,
USA). Since differences in the emotional-affective behaviour between control and Y1-/-
mice have previously been reported (Karl et al., 2006), all data were analyzed by planned
comparisons (Kirk, 1995) and one- or two-way analysis of variance (ANOVA) to dissect
statistical differences for the factors genotype and, if applicable, treatment (i.e., preceding
exposure to a behavioural test). If planned comparisons and ANOVA yielded the same
results, only those obtained by ANOVA are reported. Planned comparisons were made with
the t-test or one-way ANOVA. The homogeneity of variances was assessed with the Levene
test. In case of sphericity violations the Greenhouse-Geisser correction was applied. Post-
ANOVA analysis of group differences was performed with the Tukey HSD (honestly
significant difference) test, when the variances were homogeneous, and with the Games-
Howell test, when the variances were unequal. Student’s t test was used when only two data
groups were compared with each other. Probability values of P < 0.05 were regarded as
statistically significant. All data are presented as means + SEM, n referring to the number of
mice in each group.

General observations

As reported previously (Howell et al., 2003; Karl et al., 2004, 2006), Y 1-/- mice did not
have any gross abnormalities, did not exhibit any obvious signs of sensory deficits and
appeared healthy. The body weight of the Y1-/- mice (31.6 £ 0.99 g, n = 30) was
significantly (P < 0.001) higher than that of the control mice (25.9 £ 0.49 g, n = 36). The
body weight did not change significantly during the course of the experiments.

Locomotor and anxiety-like behaviour

The locomotor and anxiety-related behaviour of control and Y1-/- mice was assessed with
the EPM test. In order to examine any influence of a preceding stress experience, the
locomotor and anxiety-related behaviour of naive control and Y1-/-mice was compared
with the behaviour recorded one week after exposure to the FST.

ANOVA demonstrated that the total distance traveled in the open and closed arms and the
total number of entries into any arm differed with genotype (distance: F(1 ¢) = 11.10, P =
0.003; entries: F(1 26) = 15.31, P = 0.001) but not with treatment. There was a significant
interaction between the two factors (distance: F( 26) = 9.66, P = 0.05; entries: F(; 6) = 8.49,
P =0.007). Post-ANOVA analysis revealed that locomotion did not differ between naive
control and Y1-/- mice (Figure 1A,B). Exposure of control mice to stress one week before
the EPM test significantly reduced the total distance traveled on the EPM arms and the total
number of entries, whereas no significant change occurred in stressed Y1-/- mice (Figure
1A,B,C,D). As a result, the total distance traveled on the EPM arms and the total number of
entries one week after exposure to stress were significantly smaller in control animals than
in Y1-/- mice (Figure 1C,D).
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Anxiety-like behaviour as assessed by the time spent on the open arms and the number of
entries into the open arms did not significantly differ with regard to treatment and genotype
(Table 1). Thus, neither the open arm time nor the number of open arm entries of control and
Y 1-/- mice were significantly altered one week after exposure to stress (Table 1).

Depression-like behaviour

Considered to mirror depression-like behaviour, the time of immobility in the TST and FST
was expressed as a percentage of the 6 min test duration. First, the behaviour of naive
control and Y1—/- mice in the two tests was explored. As shown in Figure 2A, the time of
immobility of naive Y1-/- mice in the TST was significantly shorter than in naive control
animals. In the FST, however, the time of immobility did not significantly differ between
naive control and Y1-/- mice (Figure 2B).

There was no significant (P = 0.08) genotype-related difference in the plasma level of
corticosterone measured 45 min after the TST had begun, the concentration in control mice
being 241 £+ 20.0 ng/ml (n = 10) and that in Y1-/- mice 179 + 26.3 ng/ml (n = 10).

In examining any influence of a preceding stress experience, the behaviour of naive control
and Y1-/-mice was compared with that recorded one day and one week, respectively, after
exposure to the EPM test (Figure 2B,C,D). Planned comparisons revealed that, one day and
one week after exposure to stress, the time of immobility in Y1—-/- mice was progressively
shortened, as judged by the level of statistical significance, but left unaltered in control
animals (Figure 2B,C,D).

Thermal nociception

The paw withdrawal latency following exposure to radiant heat was determined as an index
of acute thermal nociception. In order to examine any influence of a preceding stress
experience, the behaviour of naive control and Y1-/- mice was compared with that recorded
2 min after exposure to foot-shocks as well as 2 min and 60 min after completion of the
FST. Planned comparisons showed that the paw withdrawal latency of naive Y1-/- mice
was significantly shorter than that of naive control mice (Figure 3A). Two to six minutes
after completion of the FST the paw withdrawal latency was significantly prolonged in both
control and Y1-/- mice but did no longer differ between the two genotypes (Figure 3B).
Sixty minutes post-FST the paw withdrawal latencies had returned to the values observed in
naive control and Y1-/- mice (Figure 3C). Exposure to foot-shocks failed to alter the paw
withdrawal latencies and to change the genotype-related difference in the paw withdrawal
latency between control and Y1-/- mice (Figure 3D).

DISCUSSION

The aim of the current experiments was to explore whether stress has a delayed impact on
the locomotor and emotional-affective behaviour of female Y1-/- mice relative to female
control animals. We found that, one week after exposure to the stress of the FST,
locomotion was reduced in control animals but remained unchanged in Y1-/- mice,
whereas anxiety-like behaviour was left unaltered in both genotypes. After exposure to the
EPM test, depression-related behaviour in the FST was progressively attenuated in Y1—-/-
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but not control animals. Importantly, the stress associated with the EPM test and FST was
sufficient to reveal this difference in stress sensitivity / stress adaptation in Y 1-/— mice
relative to control mice. In addition, our data indicate that the mechanism of stress-induced
changes in depression-related behaviour of Y1-/- mice is different from that of stress-
induced analgesia.

Since stress-related disorders have a higher prevalence in women than in men (Palanza,
2001; Simonds and Whiffen, 2003; Gorman, 2006) and female rodents are likewise more
vulnerable to stress in terms of long-lasting changes in behavioural reactivity (Stam et al.,
1999), we used female mice in the current study. Although the estrus cycle was not
determined, we consider it unlikely that our data were significantly biased by this potentially
confounding factor. First, the experiments were performed in an environment characterized
by the strict absence of any male mice. Second, the coefficient of variation for the EPM test
data obtained here with female mice was not greater than that for the respective data
obtained with male mice of identical genetic background (Karl et al., 2006). Third, the
behaviour of mice on the EPM does not vary significantly with the different phases of the
estrus cycle which is synchronized not only among cage mates but also across cages
(Painsipp et al., 2007).

As the exploratory and anxiety-related behaviour of Y1-/- animals varies with the diurnal
cycle (Karl et al., 2006), the current experiments were carried out 4 — 6 h after the start of
the photophase. At this time slot, female Y1-/- mice did not differ from control mice in
their behaviour in the EPM test and FST. With regard to the EPM test, our observations are
in overall accordance with previous findings that the locomotor and anxiety-related
behaviour of male Y1-/- mice was altered 8 h, but not 2 h, after the lights had been
switched on (Karl et al., 2006). Karlsson et al. (2008) likewise did not notice any gender
difference in the behaviour of Y1-/- mice on the EPM and in other anxiety-related tests.
Since pharmacological stimulation of Y1 receptors has anxiolytic-like and antidepressant-
like effects in male rodents (Kask et al., 2002; Heilig, 2004; Lin et al., 2004; Eva et al.,
2006), the context-dependent absence of an anxiety- and depression-related phenotype of
naive female Y1-/- mice may be the result of developmental compensations in germline
knockout mice. Importantly, however, circadian rhythm and acute stress do affect
exploratory and anxiety-related behaviour of male Y1-/- mice, which is consistent with a
role of Y1 receptor signalling in stress coping of both rodents and humans (Heilig, 2004;
Karl et al., 2006; Zhou et al., 2008).

As the current results reveal, the behavioural phenotype of female Y1-/- mice also depends
on the preceding sequence of behavioural testing which has a differential influence in
control and Y1-/- mice. While anxiety-related behaviour of control and Y1-/- mice did not
significantly differ in the naive state and one week after the FST, locomotor activity of Y1-/
— mice one week post-stress was higher than in control animals. This observation is
consistent with the increase in locomotion seen immediately after exposure to restraint stress
(Karl et al., 2006). The present results show that this stress-induced stimulation of
locomotion persists for one week, because control mice move less on repeated exposure to
the stress of a behavioural test while Y1-/- mice stay as active as in the naive state. This
finding reinforces the notion that the behavioural phenotype of Y1-/- mice is highly
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context-dependent. There is also evidence that the interval between two runs of the open
field test can have a strain-dependent influence on locomotor activity (Paylor et al., 2006).

Depression-like behaviour was assessed by the time of immobility in the TST and FST. The
results obtained with naive control and Y1-/- mice differed between the two tests inasmuch
as in the TST Y1-/-mice spent significantly less time being immobile, while in the FST
only a tendency towards a reduction of depression-like behaviour was noted. This
observation attests to the view that different biological substrates may underlie the
behaviour in the TST and FST (Cryan et al., 2005) and shows that the two tests can yield
divergent results in animals whose behavioural phenotype is as context-dependent as that in
Y1-/- mice. Particular interactions between task and context are likely to explain why
Karlsson et al. (2008) reported enhanced immobility of male and female Y1-/- mice in the
FST.

The influence of a preceding stress experience on depression-like behaviour was analyzed
with the FST one day and one week after exposure to the EPM test. While the depression-
like behaviour of control animals did not change, the immability of Y1-/- mice decreased
over time. This observation emphasizes that exposure even to the mildly aversive and
controllable stress associated with the EPM test is sufficient to cause a delayed decrease in
depression-like behaviour. The nature of this change is in contrast to what was expected
from pharmacological studies in which an antidepressant action of NPY acting via Y1
receptors has been established in male rodents (Kask et al., 2002; Redrobe et al., 2002;
Heilig, 2004). It is likely that the delayed antidepressant-like effect of stress in Y1-/- mice
reflects a developmental overcompensation of the functional consequences of Y1 receptor
deletion. Experiments involving transient Y1 receptor blockade or knockdown will be
required to solve this discrepancy.

Using the plantar test, we found female Y1-/- mice to be hypersensitive to thermal pain, a
finding that is in keeping with the thermal, chemical and mechanical hyperalgesia seen in
male Y1-/- mice using other nociception assays (Naveilhan et al., 2001; Shi et al., 2006).
As reported by Naveilhan et al. (2001), acute swim stress led to a similar degree of opioid-
dependent and opioid-independent analgesia in wild-type and Y1-/- mice, an observation
that was confirmed in the present study with the FST as stress paradigm. Importantly, the
current results show that the stress-induced analgesia was of short duration, given that 60
min post-FST the paw withdrawal latencies in both control and Y1-/- mice had returned to
pre-FST values. We thus conclude that the mechanism of stress-induced analgesia is
unrelated to the mechanism that underlies the delayed stress-induced changes in locomotor
and depression-related behaviour of Y1-/-mice relative to control animals. Following
exposure of rodents to electrical foot shocks both analgesic and hyperalgesic effects have
been observed (Yamada and Nabeshima, 1995; Imbe et al., 2006; Stam, 2007). Unlike the
FST, electric foot-shocks failed to cause acute stress-induced analgesia in the current study,
an observation that implies that the impact of this stress paradigm on the nociceptive system
is different from that of the FST-associated stress condition. It was beyond the scope of this
study to elucidate these Y1 receptor-independent issues.
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NPY as well as Y1 receptors are widely distributed in the rodent brain, and there is
considerable overlap between the density of Y1 receptors and NPY-like immunoreactivity
(Dumont et al., 1998; Parker and Herzog, 1999; Kopp et al., 2002). The anxiolytic and
antidepressant effect of Y1 receptor signalling in male rodents is thought to involve several
brain nuclei including the amygdala, periaqueductal gray, septum and locus coeruleus (Kask
et al., 1998, 2000, 2001, 2002; Saidyk et al., 1999; Heilig, 2004). While acute and repeated
restraint stress have been found to cause a short-lasting down- and upregulation,
respectively, of NPY expression in the amygdala of male rats (Thorsell et al., 1998, 1999),
acute but not repeated restraint stress leads to a transient Y1 receptor upregulation in the
amygdala and hypothalamic paraventricular nucleus of male mice (Mele et al., 2004). In
addition, region-specific alterations in Y2 receptor expression have been described to occur
in the brain of male Y1-/- mice (Wittmann et al., 2005). It will thus be a complex task to
unravel the neurochemical basis that underlies the delayed impact of a stress experience on
the emotional-affective behaviour in Y1-/- mice.

Y1 receptor signalling is able to stimulate the hypothalamic-pituitary-adrenal axis which is
relevant to the expression of stress-, anxiety- and depression-like behaviour (Kask et al.,
2002; Kopp et al., 2002; Heilig, 2004; Dimitrov et al., 2007). Thus, the circulating level of
corticosterone in male rats is increased by Y1 receptor agonism and decreased by Y1
receptor antagonism (Ishihara et al., 2002; Dimitrov et al., 2007). Although no significant
difference in the basal plasma level of corticosterone was observed in male Y1-/-mice
(Raposinho et al., 2004), it should be noted that both the basal corticosterone levels (32.7
ng/ml in control and 21.5 ng/ml in Y1-/- mice; Raposinho et al., 2004) and the
corticosterone levels measured after acute exposure to the TST (this study) tended to be
lower in Y1-/- mice than in control animals. It would therefore seem worthwhile to
examine whether alterations in the stress sensitivity of Y1-/- mice are related to subtle
alterations in the activity of the hypothalamic-pituitary-adrenal axis.

In conclusion, our data show that deletion of Y1 receptors by itself has little influence on
locomotor, anxiety-like and depression-related behaviour in female mice much as it has been
reported for male mice. However, exposure even to the mild stress associated with tests of
emotional-affective behaviour has a delayed genotype-related influence on the locomotor
and depression-like behaviour, at least in female Y1-/- mice. It is worth noting that the
behavioural modifications in response to stress develop over time or persist for one week, an
issue that is important to consider if female Y1—/- mice are repeatedly subjected to
behavioural tests. Taken all aspects together, our findings attest to an important role of NPY
acting via Y1 receptors in the control of locomotion and stress coping or adaptation.
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Locomotor behaviour on the EPM as measured in naive control and Y1-/- mice and in mice
that had been exposed to the FST one week before the EPM test. The graphs show the total
distance traveled in the open and closed arms (A,C) and the total number of entries into any
arm (B,D) during the 5 min test session. The values represent means + SEM, n as indicated
in parenthesis. ** P < 0.01 versus control mice under the same experimental conditions, ++

P < 0.01 versus naive mice of the same genotype.
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Depression-related behaviour as measured with the TST in naive control and Y 1-/- mice
(A) and with the FST in naive control and Y1-/- mice (B) as well as in mice that had been
exposed to the EPM test one day (C) and one week (D) before the FST. The graphs show the
time of immobility expressed as a percentage of the 6 min test duration. The values
represent means = SEM, n as indicated in parenthesis. * P < 0.05, ** P < 0.01 versus control
mice under the same experimental conditions.
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Thermal nociception in the plantar test as measured in naive control and Y1-/- mice (A)
and in mice that had been exposed to the FST 2 — 6 min (B) and 60 — 64 min (C) and to foot-
shocks 2 — 6 min (D) before the plantar test. The graphs show the hindpaw withdrawal
latencies. The values represent means £ SEM, n as indicated in parenthesis. * P < 0.05, ** P
< 0.01 versus control mice under the same experimental conditions, ++ P < 0.01 versus
naive mice of the same genotype.
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Table 1

Anxiety-related behaviour on the EPM as measured in naive control and Y1-/- mice and in mice that had
been exposed to the FST one week before the EPM test

Genotype and treatment Timeon open arms(s) | Number of open arm entries
Naive control mice 60.1+10.3(n=7) 10.3+1.84(n=7)
Naive Y1-/- mice 76.2+16.0 (n=8) 10.1+1.47 (n=8)
Control mice 1 week after FST 579+872(n=7) 10.1+156(n=7)
Y1-/- mice 1 week after FST 36.5+10.9 (n=8) 8.25+0.88 (n=38)

The table shows the time spent on the open arms and the number of entries into the open arms during the 5 min test session. The values represent
means + SEM, n as indicated in parenthesis. There were no significant differences at the P < 0.05 level.
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