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HIGHLIGHTS

e Infant and adolescent rats are sensitive to ethanol’s reinforcing properties.

® Activation of NOP receptors did not alter ethanol-induced CTA.

® Activation of NOP receptors did not alter ethanol intake patterns in adolescents.

® Activation of NOP receptors attenuated ethanol-induced anxiolysis in adolescents.
® Activation of NOP receptors inhibited ethanol’s stimulating effects in adolescents.
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ABSTRACT

Activation of nociceptin/orphanin FQ (NOP) receptors attenuates ethanol drinking and prevents relapse
in adult rodents. In younger rodents (i.e., infant rats), activation of NOP receptors blocks ethanol-induced
locomotor activation but does not attenuate ethanol intake. The aim of the present study was to extend
the analysis of NOP modulation of ethanol’s effects during early ontogeny. Aversive and anxiolytic effects
of ethanol were measured in infant and adolescent rats via conditioned taste aversion and the light-dark
box test; whereas ethanol-induced locomotor activity and ethanol intake was measured in adolescents
only. Before these tests, infant rats were treated with the natural ligand of NOP receptors, nociceptin
(0.0, 0.5 or 1.0 ug) and adolescent rats were treated with the specific agonist Ro 64-6198 (0.0, 0.1 or
0.3 mg/kg). The activation of NOP receptors attenuated ethanol-induced anxiolysis in adolescents only,
and had no effect on ethanol’s aversive effects. Administration of Ro 64-6198 blocked ethanol-induced
locomotor activation but did not modify ethanol intake patterns. The attenuation of ethanol stimulating
and anxiolytic effect by activation of NOP receptors indicates a modulatory role of this receptor on ethanol
effects, which is expressed early in ontogeny.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

In the last decade, several studies have indicated that ethanol
exposure during infancy and adolescence promotes subsequent

Ethanol reinforcement and acceptance is regulated, at least
partly, by the endogenous opioid system [1]. Four major classes of
opioid receptors, widely distributed in brain areas associated with
ethanol’s reinforcing effects [2], have been identified: ., 8, k, and
the nociceptin/orphanin FQ peptide (NOP) receptor [3,4].
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ethanol seeking and drinking [5,6]. Some of these studies have
focused on the modulatory role exerted by the opioid receptors on
ethanol reinforcement. It has been shown that non-specific opioid
antagonists co-administered with ethanol during gestation disrupt
appetitive responding toward ethanol [7,8]. Furthermore, prenatal
blockade of the p.-opioid receptors completely inhibited the pro-
moting effect of prenatal ethanol on ethanol intake and palatability,
while k antagonism only partially reduced the palatability effect
[9].

Selective . and k antagonists inhibit ethanol-induced reinforce-
ment in preweanling rats [10] whereas p. or & (but not k) opioid
antagonism drastically reduces ethanol intake [11]. Pautassi et al.
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[12] observed that blockade of k function facilitated conditioned
place and taste preference induced by ethanol, a result consistent
with the notion that the aversive effects of ethanol may be mediated
in part by activation of k receptors. According to this hypothesis,
manipulations that reduce the function of k receptors in non-
dependent subjects should attenuate the aversive consequences
of ethanol and promote the expression of appetitive reinforce-
ment [12]. The w receptor is also involved in ethanol-mediated
locomotor stimulation, which is considered a proxy for ethanol’s
reinforcing effects. Blockade of ., but not 8 or k receptors, attenu-
ates ethanol-induced locomotor activation [11]. Prenatal ethanol
exposure during late gestation also seems to affect k function
and expression; the offspring of dams treated with ethanol during
gestational days 17-20 exhibited either no aversion or appetitive
responding to k activation, while control subjects found k opi-
oid activation aversive. Furthermore, k opioid receptor expression
after prenatal ethanol was decreased in brain areas implicated in
the motivational effects of the drug [13]. A recent study in infant
rats indicates the participation of w, 8 and k receptors in ethanol
operant self-administration [14].

Most of the studies analyzing NOP modulation of ethanol rein-
forcement have employed adult rats, often from strains genetically
selected for high ethanol preference [15]. The modulatory role of
the NOP receptor on ethanol reinforcement during early ontogeny
has been much less studied and, to our knowledge, only one study
has focused on this issue [ 16]. The NOP receptor can be detected as
early as gestational day 12 in the rat and is observed at 16 weeks
of gestation in humans [17]. After the first 2 weeks of postnatal
life in the rat, NOP mRNA expression and distribution is simi-
lar to those observed in the adult brain [17]. Nociceptin/orphanin
FQ (hereafter referred to as “nociceptin”), the endogenous ligand
for NOP receptor, binds with high affinity to the NOP receptor,
but does not activate classic opioid receptors (., 8 or k) [18]. A
still limited amount of evidence suggests that NOP may modulate
ethanol’s motivational properties. Nociceptin and other NOP ago-
nists decrease alcohol drinking and prevent relapse inrats [19-23];
and also inhibit reinforcement induced by morphine [24], cocaine,
and amphetamine [25,26].

There is scarce information concerning the role of NOP receptors
on ethanol’s motivational effects during early ontogeny. Previously,
we found [16] that nociceptin blocked ethanol-induced locomo-
tor activation but did not affect ethanol intake, in 2-week old
Sprague-Dawley rats. The study of the neurobiological basis of
ethanol-mediated reinforcement in infancy is important when tak-
ing into account that the onset of ethanol initiation is quickly
descending worldwide. A birth cohort study, for instance, indicated
that almost 20% of a sample of Brazilian children aged 11-12 years
had already experimented with ethanol [27], and a recent study
conducted in Argentina [28] indicated ethanol sipping and tast-
ing in 58% of its sample (n=367) of 8 to 12-year-old children. A
similar study highlighted that 37% of 8-year-old North American
children have already tasted ethanol and the frequency increased
to 67%in 12-year-old children [29]. These early ethanol experiences
could facilitate subsequent engagement with the drug during ado-
lescence, which in turn significantly enhances the possibilities of
abuse and dependence later in life. Adolescence is a developmental
stage in which rats exhibit altered sensitivity to several effects of
ethanol. For example, adolescents are - when compared to adults
- more sensitive to ethanol stimulating effects [30] and less sen-
sitive to ethanol motor-sedative effects [6,30]. These differences
have been proposed to reflect greater ethanol-induced appetitive
reinforcement in younger individuals, which may underlie their
propensity to engage in ethanol self-administration.

The aim of the present study was to extend our previous
analysis of NOP modulation of ethanol’s effects [16]. Specifi-
cally, we measured aversive and anxiolytic effects of ethanol in

Table 1
Number of animals employed for each experiment.

Experiment Number of animals
Males Females

la. CTA in infants 25 25
1b. CTA in adolescents 38 40
2a.LDB in infants 47 53
2b. LDB in adolescents 63 53
3.LMA in adolescents 57 48
4. Intake test in adolescents 26 30

infant and adolescent rats, via conditioned taste aversion and the
light-dark box test (CTA and LDB, respectively); whereas ethanol-
induced locomotor activity (LMA)and ethanol intake was measured
in adolescents only. Across these measurements, subjects were
administered ethanol alone or in conjunction with a NOP ago-
nist. NOP modulation of ethanol-induced LMA and ethanol intake
in infant rats were not tested in the present study because these
variables had been already analyzed in a previous study (see [16]).
This study will help make progress toward understanding the neu-
ral mechanisms by which ethanol exerts appetitive, aversive and
anti-anxiety effects during early stages of development.

2. General methods
2.1. Subjects

Atotalof 156 infant (PDs 14-17)and 347 adolescent (PDs 29-36)
Wistar rats were used across experiments [Experiment 1a (CTA in
infants): 56 animals derived from 9 litters; Experiment 1b (CTA
in adolescents): 70 animals derived from 9 litters; Experiment 2a
(LDB in infants): 100 animals derived from 15 litters; Experiment
2b(LDBinadolescents): 116 animals derived from 14 litters; Exper-
iment 3 (LMA in adolescents): 105 animals derived from 12 litters;
Experiment 4 (intake test in adolescents): 56 animals derived from
7 litters]. The number of animals (disaggregated by sex: male or
female) employed in each experiment are detailed in Table 1. These
animals were born and reared in the vivarium of the Instituto M. M.
Ferreyra (INIMEC-CONICET-Universidad Nacional de Cérdoba, Cér-
doba, Argentina). Births were examined daily, and the day of birth
was considered PD 0. On PD 1, litters were culled to 10 pups (five
males and five females, whenever possible). Pups were housed with
the dam in standard maternity cages with free access to water and
food. On PD 21, animals were weaned from the dam and housed
in same-sex groups. The colony was maintained at 22 4+ 1°C under
a 12/12 h light/dark cycle. The experiments were approved by the
Ministry of Animal Care of INIMEC-CONICET-UNC and were in com-
pliance with the NIH Guide for the Care and Use of Laboratory
Animals [31].

2.2. Drug preparation and administration procedures

The NOP endogenous ligand, nociceptin (TOCRIS, Ellisville, MO)
was employed at doses of 0.0, 0.5, or 1.0 p.g/rat, in the two experi-
ments with infant rats (Experiments 1a and 2a: CTA and LDB tests,
respectively). Nociceptin was dissolved in saline (NaCl 0.9% v/v)
and injected in a volume of 2 pl/rat, into the cisterna magna (IC)
and using a 30-gauge hypodermic needle attached to a length of
polyethylene tubing (PE-10). The needle was inserted under visual
guidance into the foramen magnum between the occipital bone
and the first cervical vertebra [32,33]. Successful placement of the
needle into the target site was confirmed by the appearance of
cerebrospinal fluid in the tubing. Nociceptin was injected in a 5-s
pulse with a micrometer gastight syringe (Hewlett-Packard, USA).
This volume of infusion does not seem to cause any discomfort or
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distress and is not excessive for an infant rat, which weighs 30-35 g.
In both Experiments 1a and 2a the infants were tested 10 min after
nociceptin injection, to allow them recover from the intracisternal
administration.

The NOP agonist Ro 64-6198 ((1S,3aS)-8-(2,3,3a,4,5,6-
Hexahydro-1H-phenalen-1-yl)-1-phenyl-1,3,8-triaza-spiro[4.5]
decan-4-one hydrochloride, MW 438.017), a gift of Dr. Eric Prinssen
(F. Hoffmann-La Roche Ltd, Pharma Preclinical Research, Basel,
Switzerland), was employed at doses 0.0, 0.1, or 0.3 mg/kg, in
the experiments that used adolescent animals (i.e., Experiments
1b, 2b, 3 and 4). This drug was dissolved in a solution of saline
and 0.25% acetic acid, and intraperitoneally injected at a volume
of 0.01 ml/g. The advantage of using Ro 64-6198 over nociceptin
in older animals is that Ro 64-6198 can be administered via
intraperitoneal (i.p.) injection. Due to technical drawbacks, the
use of the IC mode of administration becomes very difficult in rats
aged 20 days or older. This alternative, avoids the implantation of
cannulas in the adolescent brain through stereotaxic surgery, the
ensuing manipulation and stress, to facilitate comparisons across
age. This non-peptide agonist binds NOP receptors with an affinity
similar to that of the natural ligand nociceptin; in addition, the
agonist displays similar pEC50, Emax and pKB values in the rat to
those exhibited by nociceptin [34]. Adolescents were evaluated
30 min after Ro 64-6198 injection [35].

2.3. Test of conditioned taste aversion

The Experiments 1a and 1b analyzed, through conditioned taste
aversion, if activation of NOP receptors altered the aversive prop-
erties of ethanol. Access to a 0.1% saccharin solution (conditioned
stimulus, CS; Parker Davis, Argentina) was paired (P groups) with
the post-ingestive effects of a high ethanol dose (unconditional
stimulus, US). Animals were administered nociceptin (infants) or Ro
64-6198 (adolescents) before daily conditioning sessions. In each
session animals drank the saccharin solution (CS) and immediately
after were administered 2.5 g/kg ethanol (US). An unpaired (UP)
control group received ethanol 2-h after saccharin intake, thus pre-
venting an association between CS and US. Animals were given two
(infants) or one (adolescents) conditioning sessions, and then two
extinction trials were performed.

In Experiment 1a, infant rats were given two sessions of condi-
tioning (one daily, PDs 14-15) and two test sessions (PDs 16-17).
During these tests, the animals were exposed to the CS, but had
no injection of nociceptin or ethanol. Across all sessions, saccha-
rin was given through intraoral cannulas implanted in the animal’s
cheek (foradetailed description of this procedure please see [8,16]).
The pups experienced 120 min of maternal separation before com-
mencement of each session. Subsequently, they were assigned
to the experimental treatments defined by the pairing (or not)
between US-CS and the different doses of nociceptin. Before con-
ditioning trials, pups’ bladders were voided by gentle brushing of
the anogenital area. Body weights were subsequently registered
and nociceptin was administered. The mean weight of the sub-
jects was calculated and used as a benchmark for the volume of
the intraoral infusion of saccharin. The total volume administered
to each subject was equivalent to 3% of their body weight and was
infused at a constant rate for 15 min. These parameters allow pups
to either accept or reject the infused solution. Each subject’s can-
nula was connected to a length of PE50 tubing that in turn was
connected to a 10 ml syringe operated by an automatic infusion
pump (KD Scientific, Holliston, MA). The subjects were placed into
Plexiglas containers measuring 9 cm x 15 cm. The bottoms of these
containers were lined with absorbent paper. Immediately follow-
ing the intraoral infusion, pups were disconnected from the tubing,
weighed, and administered intragastrically with ethanol (only the

paired group). After administration of ethanol to the unpaired con-
trol group, animals were returned to their dams.

During the two test trials, subjects had the same manipulation as
during conditioning trials, but received no administration of noci-
ceptin or ethanol. Consumption of saccharin during conditioning
and test was calculated as follows: ([(post-test weight — pre-test
weight)/pre-test weight] x 100).

In Experiment 1b, adolescent animals were same-sex pair-
housed. Homecages were divided in two equal spaces where each
animal was placed. Animals could see or smell each other through
the plastic divider. In order to avoid a possible latent inhibition
effect, the conditioning trial was shorter than the test trials (30 and
60 min, respectively). During conditioning on PD 31, animals were
i.p. injected with Ro 64-6198 and, 30 min later, were given 30-min
access to a graduated glass tube filled with saccharin. Immedi-
ately after the intake test, animals were i.p. injected with ethanol.
Two test trials (one per day, PDs 33-34) of 60 min were conducted.
The rest day, which was also employed in other CTA studies (see
[38,39]), was meant to minimize the effect of partial water depri-
vation during conditioning. Animals had access to a tube filled with
0.1% saccharin, in the absence of the US or RO-64-6198 injection.
Across conditioning and test sessions and to motivate CS consump-
tion, animals had access to 50% of their normal ingestion of water.
The dependent variable employed was milliliters of saccharin con-
sumed per 100 g of body weight (ml/100 g).

Different routes of ethanol administration were used to induce
conditioned taste aversion in infant and adolescent rats (i.g. vs.
i.p., respectively). We followed the procedures of studies that had
reliably found ethanol-induced conditioned taste aversion at these
ages. The i.p. route has been traditionally used in adolescent stud-
ies (see [39]), whereas the i.g. administration has been preferred in
studies with infant rats (for instance please see [40,41]).

2.4. Light/dark test

In Experiment 2, infant (PD16) and adolescent (PD34) rats were
evaluated for anxiety response in a 5-min light-dark box test. The
apparatus (42cm x 25cm x 25cm) featured two compartments
made of high impact acrylic, one white (24.5 cm x 25 cm x 25 cm)
illuminated by a 60W white bulb lamp that was adjusted
to generate an illumination level of 400lux, and one black
(17.5cm x 25 cm x 25 cm) with no illumination (0lux). Illumina-
tion of the apparatus was measured via a digital lux meter
(LX1010B). A divider with an opening at floor level separated both
compartments. Animals were administered nociceptin (infants,
Experiment 2a) or Ro 64-6198 (adolescents, Experiment 2b) 10- or
30-min before they were intubated with ethanol (0.0 or 0.5 g/kg).
This dose of ethanol has been previously shown to exert anxio-
lytic effects in both infant and adolescent rats [36,37]. The test
began 5 min after ethanol administration by gently placing the ani-
mal in the center of the white area, facing away from the black
area. Immediately after termination of the 5-min test, animals
were removed and returned to homecage. The behavior was filmed
(SONY Handycam HD AVCHD) and subsequently processed by an
observer unaware of the experimental conditions. The variables
analyzed were time (s) spent in the illuminated area, latency (s) to
enter into the dark area, number (frequency) of transfer between
compartments.

2.5. Adolescent locomotor activity assessment

In Experiment 3, adolescent rats were evaluated at PD34 in an
open field to test ethanol-induced locomotor activation and modu-
lation of NOP receptors of this effect. The animals were injected
with Ro 64-6198 and 30-min later intubated with ethanol (0.0
or 2.5g/kg). Following intubation, subjects were returned to a
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holding cage lined with pine shavings. Five minutes after the intu-
bation, animals were tested for 8 min (i.e., post-administration time
5-12min) in square chambers (60 cm x 60 cm x 60 cm). Previous
studies [38]indicate that adolescent Wistar rats exhibit motor stim-
ulation after 2.5 g/kg ethanol, which is the same dose that was used
to generate conditioned aversion (see Section 2.3). Although this
may seem paradoxical, it should be noted that ethanol - partic-
ularly at high doses — has biphasic effects during the course of
the intoxication. Appetitive and motor activating effects seem to
prevail shortly after ethanol administration (5-20 min) while aver-
sive effects are more prevalent during later post-administration
times [42].

Motor activity was measured using automatized chambers
(ITCOMM, Cérdoba, Argentina) that tracked the rat’'s movementin a
real-time basis and recorded distance traveled (cm) during the test.
Testing was conducted under moderate to dim light. The apparatus
was cleaned with a sponge that was soaked with water between
each test.

2.6. Adolescent homecage ethanol consumption test

Experiment 4 tested voluntary ethanol consumption using a
modified test of a standardized two-bottle ethanol intake protocol
[42,43]. Animals underwent daily 2-h intake sessions (PDs 33-36),
preceded by 22 h in which they had access to 50% of the water
they usually consume. On PD31, adolescent animals were same-
sex pair-housed. Each homecage was divided in two equal spaces
where each animal was placed. Animals could see and smell each
other through the plastic divider. In this first day of the experiment,
the animals were weighed and they had access to a 50 ml bottle
filled with tap water. Twenty-four hours later, on PD32, bottles
were refilled with 50% of the water that the animal would regu-
larly drink, according to pilot studies conducted with rats of that
age. On PDs 33-36, 30 min before commencement of the each daily
2-hour intake session, the rats were injected with Ro 64-6198, at
the doses detailed before. During drinking sessions, the animals
had access to two graded 25 ml tubes, one filled with tap water
and the other with the ethanol solution (3% v/v on PD33, 4% on
PD34, and 5% on PDs 35-36). The volume consumed from each
tube was assessed 20, 60 and 120 min after commencement of each
test. Tubes were never touched or removed during intake tests. The
position of the ethanol and water tubes was varied across sessions
to prevent place-preference effects. After each intake session the
tubes were removed and replaced with a bottle filled with 50%
of the water that the animal would regularly drink. The depend-
ent variables were ethanol intake in grams per kilogram (g/kg)
and percent selection of ethanol [(consumption of ethanol/overall
liquid ingestion) x 100]. This intake protocol has been extensively
used to detect the influence of early alcohol exposure, mediated
by maternal consumption during breastfeeding [43], operant self-
administration [42] or passive intubations [38], on later alcohol
acceptance.

2.7. Experimental design and data analysis

Across experiments, no more than one subject from each sex
was assigned to the same treatment condition in a given litter.
Experiment 1a (CTA test) employed a 3 (nociceptin dose: 0.0, 0.5,
or 1.0 ug) x 2 (conditioning: paired or unpaired) x 2 (sex: male or
female) factorial design. Experiment 1b (CTA test) employed a 3
(Ro 64-6198 dose: 0.0, 0.1, or 0.3 mg/kg) x 2 (conditioning: paired
or unpaired) x 2 (sex: male or female) factorial design. Experi-
ment 2 (LDB test) employed a 3 (nociceptin dose: 0.0, 0.5, or
1.0 ug) x 2 (ethanol dose: 0.0 or 0.5 g/kg) x 2 (sex: male or female)
factorial design for infants and a 3 (Ro 64-6198 dose: 0.0, 0.1,
or 0.3 mg/kg) x 2 (ethanol dose: 0.0 or 0.5 g/kg) x 2 (sex: male or

female) factorial design for adolescents. Experiment 3 (Locomo-
tor Activity Assessment) employed a 3 (Ro 64-6198 dose: 0.0, 0.1,
or 0.3 mg/kg) x 2 (ethanol dose: 0.0 or 2.5g/kg) x 2 (sex: male or
female) factorial design. Experiment 4 (Ethanol Consumption Test)
employed a 3 (Ro 64-6198 dose: 0.0, 0.1, or 0.3 mg/kg) x 2 (sex:
male or female) factorial design.

Data obtained from the four experiments were analyzed with
Analysis of variance (ANOVA) that eventually involved repeated
measures. In Experiment 1b, conditioning and extinctions sessions
differed in length (30 and 60 min, respectively). Therefore, two
independent ANOVAs were executed on saccharin intake data in
adolescents. The loci of significant main effects or multiple inter-
actions were analyzed with Fisher’s LSD post hoc comparisons. A
rejection criterion of p <0.05 was adopted for all statistical analysis
in the present study.

3. Results

Experiment 1a (CTA in infants). Saccharin intake data was
analyzed through a 4-way mixed (between-subjects factors: Con-
ditioning, Nociceptin treatment and Sex; Days of evaluation was
the within factor) ANOVA. The analysis yielded a significant main
effect of Days of evaluation [F(3,114)=39.03, p <0.001] and a signif-
icantdays of evaluation x conditioning interaction [F(3,114)=4.91,
p<0.01]. Fisher LSD post hoc tests revealed similar saccharin
acceptance during conditioning days in P and UP groups. During
extinction test trials, however, P animals exhibited significantly
lower intake scores than UP animals (p’s<0.001). No significant
main effect or significant interaction compromising nociceptin or
sex was observed.

Experiment 1b (CTA in adolescents). The ANOVA conducted for
saccharin scores during conditioning (between-subjects factors:
Ro 64-6198 treatment, conditioning and sex) indicated no signif-
icant main effects or significant interactions. For the test trials,
the mixed ANOVA indicated significant main effects of days of
evaluation and conditioning [F(1, 58)=81.03, p<0.001 and F(1,
58)=6.37, p<0.025, respectively]. Animals consumed significantly
more saccharin during the second than during the first test trial
and, perhaps more important, paired animals consumed signifi-
cantly less saccharin than UP control adolescent rats. No significant
effect of the NOP agonist or interaction with the other factors was
observed.

In summary, infant and adolescent rats were sensitive to the
aversive effects of a high ethanol dose. Activation of NOP receptors,
nonetheless, did not modify the intensity of aversion to ethanol.
These results are summarized in Table 2.

Experiment 2a (LDB in infants). The ANOVAs (between-subjects
factors: Nociceptin treatment, ethanol treatment and sex) for
time spent in the illuminated area and latency to enter into the
dark area indicated neither significant main effect nor significant
interactions. Frequency of transfer between compartments was sig-
nificantly affected by Ethanol treatment [F(1, 88)=4.51, p<0.05].
Administration of 0.5 g/kg ethanol significantly increased the num-
ber of transfers between compartments, yet this effect was similar
in animals administered either dose of nociceptin or vehicle.

Experiment 2b (LDB in adolescents). In adolescent animals, the
factorial ANOVA on time spent in the illuminated area (between
factors: Ro 64-6198 treatment, ethanol treatment and sex) indi-
cated a significant interaction of ethanol x Ro 64-6198 treatments
[F(2, 65)=3.87, p<0.05]. LSD post hoc tests showed that animals
treated with 0.5 g/kg ethanol and saline spent significantly more
time in the white area than the remaining control groups (water-
intubated and injected with 0.0, 0.1 or 0.3 mg/kg Ro 64-6198). The
post hoc tests also indicated that administration of the NOP ago-
nist at 0.1 mg/kg completely blocked the anxiolytic effect of ethanol
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Table 2a

Saccharin intake scores (expressed as % body weight gained) in infant rats, during conditioning (postnatal days 14-15, PDs 14-15) and tests (PDs 16-17). The rats were given
Nociceptin treatment (0.0, 0.5 or 1.0 ng) before pairings of ingested 0.1% saccharin and 2.5 g/kg ethanol administration. A control, unpaired group, experienced both the
saccharin and the ethanol administration, but separated by a long-delay interval. Data has been collapsed across sex. Across variables, Sex did not exert a significant main

effect nor was involved in significant interactions. Values are expressed as mean + SEM.

Nociceptin dose Conditioning group

Saccharin intake

PD14 PD15 PD16 PD17
0.0pg Paire(_:l 0.67 + 0.14 0.95 £ 0.16 0.80 £ 0.13 1.38 £ 0.22
Unpaired 0.84 + 0.12 0.96 + 0.08 1.36 £ 0.21 2.15 £ 0.27
0.5pg Paired 0.87 + 0.12 1.16 £ 0.18 0.96 + 0.15 139 + 0.24
Unpaired 0.73 £ 0.12 0.73 £ 0.08 1.24 £ 0.17 1.78 + 0.22
10pg Paired 091 + 0.16 1.06 + 0.17 1.17 £ 0.20 1.68 + 0.30
: Unpaired 0.81 + 0.08 0.83 £ 0.14 1.29 +£0.23 1.83 £ 0.30

(p<0.01). The 0.3 mg/kg dose of Ro 64-6198 also seemed to attenu-
ate ethanol-induced anxiolysis, yet the post hoc neared but did not
achieve significance (p=0.07). Control (water intubated) animals
did not significantly differ from each other, regardless of treatment
with Ro 64-6198.

The ANOVA for latency of enter into the dark area only yielded
a borderline ethanol x Ro 64-6198 treatment interaction [F(2,
65)=2.81, p=0.067]. The overall profile of response was similar to
that observed for time spent in the illuminated area.

The animals treated with 0.1 mg/kg Ro 64-6198 did not exhibit
emergences from the dark area (i.e., means for these groups were
0.0 +0.0). Therefore, a non-parametric analysis was used to ana-
lyze this variable. The Kruskal-Wallis test indicated that frequency
of emergence was significantly affected by Ro 64-6198 treat-
ment [H(2, 116)=9.44, p<0.01]. Administration of NOP agonist at
0.1 mg/kg drastically inhibited the number of transfers between
compartments. Ethanol treatment or sex did not significantly affect
the frequency of emergence from the dark area.

Overall, the results indicate that animals tested in the LDB
exhibit ethanol-induced anxiolysis, particularly during adoles-
cence. More important, this effect of ethanol was abolished when
NOP receptors were pharmacology activated during adolescence.
Ro 64-6198 at 0.1 mg/kg seemed to exert effects by its own
evidenced as a significant attenuation of exploratory behavior
between illuminated and dark area. Results of Experiments 2a and
2b are summarized in Figs. 1 and 2, respectively.

Experiment 3 (LMA in adolescents). A preliminary, one-way
ANOVA (comparative factor between groups: Ro 64-6198 treat-
ment) was conducted on water-intubated animals to analyze
possible effects of Ro 64-6198 on basal locomotor activity. This
analysis indicated no significant main effects of the agonist
(pd0.65). Therefore, for subsequent analyses the water-treated
groups were collapsed across nociceptin treatment in a single
control condition. Ethanol-induced locomotor activity was then

Table 2b

Saccharin intake scores (expressed as ml/100g) in adolescent rats during condi-
tioning (postnatal day 31, PD 31) and test (PDs 33-34). The rats were given Ro
64-6198 treatment (0.0, 0.1 or 0.3 mg/kg) before pairings of ingested 0.1% saccha-
rinand 2.5 g/kg ethanol administration. A control, unpaired group, experienced both
the saccharin and the ethanol administration, but separated by a long-delay interval.
Data has been collapsed across sex. Across variables, Sex did not exert a significant
main effect nor was involved in significant interactions Values are expressed as
mean + SEM.

Ro 64-6198 Conditioning Saccharin intake
dose group
PD31 PD33 PD34
00 K Paired 3.93 + 0.50 3.03 + 0.57 6.04 + 0.77
0mg/kg Unpaired 312+038 562+048  7.62 +0.56
0.1 mg/kg Paireq 3.89 + 0.59 3.14 £ 0.64 5.59 + 0.92
Unpaired 3.54 £ 0.59 5.18 + 0.61 7.60 + 0.68
0.3 mg/ke Paireq 474 + 0.63 3.80 + 0.80 5.92 + 0.92
’ Unpaired 332+ 035 3.99 +£0.73 6.94 + 1.16

analyzed through a two-way ANOVA which included the factors sex
(male or female) and Ro 64-6198 treatment [control, 0.0 + ethanol,
0.1 +ethanol, 0.3 +ethanol; the number before ethanol indicates
the dose of Ro 64-6198 (mg/kg) administered]. The ANOVA indi-
cated significant main effects of both Sex and Ro 64-6198 treatment
[F(1, 97)=4.0, p<0.05 and F(3, 97)=10.7, p<0.001, respectively].
Adolescent females displayed significantly greater locomotor activ-
ity than males’ counterparts. Of major importance, administration
of ethanol before testing (i.e., 0.0 + ethanol group) induced signif-
icantly greater locomotor activity than administration of water
(i.e., water-control group) (p<0.001). In addition, Ro 64-6198 at
0.1 mg/kg attenuated ethanol’s motor stimulating effects: animals
inthe 0.1 + ethanol group displayed significantly lower motor activ-
ity scores than animalsin the 0.0 + ethanol group (p <0.01) and were
not significantly different from water-control animals. The agonist
at 0.3 mg/kg did not show any effect on ethanol’s stimulant effects:
the locomotor activity of these animals was similar to that exhib-
ited by animals in group 0.0+ethanol (p=0.47) and significantly
higher than the water-control group (p <0.001). These results are
summarized in Fig. 3.

Overall, results from Experiment 3 indicated that the activation
of NOP receptors attenuate ethanol-induced locomotor stimula-
tion, a result not attributable to unspecific motor stimulating or
depressing effects of the agonist on basal locomotor activity.

Experiment 4 (Adolescent ethanol consumption test). The ANOVA
for overall intake scores (ml/100g consumed of ethanol + water)
considered Ro 64-6198 treatment and sex as between-subjects fac-
tors and days of evaluation as the repeated measures factor. The
ANOVA indicated a significant main effect of days of evaluation
[F(3,150)=10.51,p <0.001]. The adolescents significantly increased
their overall intake in the third day of evaluation, compared to days
1 and 2, (p<0.001) and kept this relatively high level of consump-
tion during the fourth day. This main effect of days of evaluation
was also found to be significant when analyzing water intake and
ethanol intake [F(3, 150)=6.5, p<0.001; F(3, 150)=9.18, p<0.001,
respectively]. Administration of Ro 64-6198 did not significantly
affect any of the variables under consideration. These results are
summarized in Table 3.

4. Discussion

The present study yielded ethanol-induced aversive taste con-
ditioning and ethanol anti-anxiety effects in infant and adolescent
rats; ethanol locomotor activating effects and a moderate level of
ethanol consumption (1 g/kg/2 h, since the second day of test) in
adolescent rats. In addition, ethanol increased the number of trans-
fers between compartments during infancy, but did not increase
time spent in the white, potentially stress-inducing, area of the LDB
box. New information was that, in adolescent rats, activation of NOP
receptors by the specific agonist Ro 64-6198 attenuated ethanol-
induced anxiolysis and ethanol-induced behavioral stimulation,
but did not affect ethanol-induced aversion or ethanol intake.
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INFANT LIGHT-DARK BOX TEST
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Fig. 1. Behavioral patterns of infant rats tested in a light-dark box as a function of
nociceptin (0.0, 0.5 or 1.0 g) and ethanol administration (0.0 or 0.5 g/kg). Panel A
depicts time spent (s) in the illuminated area; panel B represents the latency to enter
(s) into the dark area and panel C depicts the frequency of emergences (i.e., exits)
from the dark area. The asterisk (*) sign indicates significant differences between
0.5 g/kg ethanol and the control group (0.0 g/kg). Data has been collapsed across
sex. Across variables, Sex did not exert a significant main effect nor was involved in
significant interactions. Values represent mean = SEM.
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Fig. 2. Behavioral patterns of adolescent rats tested in a light-dark box as a function
of Ro 64-6198 (0.0, 0.1 or 0.3 mg/kg) and ethanol (0.0 or 0.5 g/kg) administration.
Panel A depicts time spent (s) in the illuminated area; panel B represents the latency
to enter (s) into the dark area and panel C depicts the frequency of emergences
(i.e., exits) from the dark area. The asterisk (*) sign indicates significant differences
between group 0.0 Ro 64-6198 +0.5 g/kg ethanol and the remaining groups (except
from group 0.3 Ro 64-6198 +0.5 g/kg ethanol; p=0.07). The pound (#) sign indi-
cates significant differences between the 0.1 mg/kg Ro 64-6198 treatment and the
remaining Ro 64-6198 conditions. Data has been collapsed across sex. Across vari-
ables, Sex did not exert a significant main effect nor was involved in significant
interactions Values represent mean + SEM.
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Fig. 3. Locomotor activity of adolescent rats as a function of ethanol (0.0 or 2.5 g/kg) and Ro 64-6198 (0.0, 0.1 or 0.3 mg/kg) treatments. The pound (#) sign indicates significant
difference between group 0.0 Ro 64-6198 + 2.5 g/kg ethanol and the water control groups; the ampersand (&) sign indicates significant difference between group 0.3 Ro 64-
6198 +2.5 g/kg ethanol and the water control groups; the asterisk (*) sign indicates significant difference between group 0.0 Ro 64-6198 +2.5 g/kg ethanol and the group
0.1 Ro 64-6198 +2.5 g/kg ethanol. In the main panel data has been collapsed across sex. The small panels on the right depicts locomotor activity of adolescent animals as a
function of sex (females and males). Values represent mean & SEM.

Table 3
Adolescent intake scores of ethanol (expressed as g/kg) or water (expressed as ml/100 g) during 2-hour two-bottle consumption tests, on postnatal day 33-36, as a function
of Ro 64-6198 doses (0.0, 0.1 or 0.3 mg/kg). Data has been collapsed across sex. Across variables, Sex did not exert a significant main effect nor was involved in significant

interactions. Values are expressed as mean + SEM.

Ro 64-6198 doses Solutions consumed

Days of consumption test

PD33 PD34 PD35 PD36
0.0 mg/kg Ethanol 0.49 + 0.08 0.77 £ 0.12 0.90 + 0.11 1.10 £ 0.11
Water 2.68 + 0.58 2.34 £ 040 3.26 +£ 047 2.35 +0.48
0.1 mg/kg Ethanol 0.60 + 0.09 091 +0.11 0.96 + 0.18 0.86 + 0.16
: Water 1.86 + 0.38 1.87 + 0.57 3.04 + 0.58 2.90 + 0.50
0.3 mafkg Ethanol 0.70 + 0.09 1.17 £ 0.14 1.12 £ 0.19 1.22 £ 0.16
: Water 1.71 £ 0.38 1.33 £0.33 2.77 £ 0.50 244 + 0.46

Analogous activation of NOP in preweanling rats by the natural lig-
and nociceptin did not alter ethanol-induced aversion or anxiolysis.

More in detail, Experiment 1 revealed that activation of the NOP
receptor did not affect conditioned taste aversion by ethanol (mea-
sured as level of intake of an ethanol-paired flavor) in infant or
adolescent animals. Previously, it has been observed that k recep-
tors modulate responses to ethanol-paired flavors [12]. Yet, in that
case, authors inquired on the modulation of conditioned taste pref-
erence and not conditioned taste aversion, as in the present study.
To our knowledge, this is the first study to analyze NOP involvement
in ethanol’s aversive effects. As a function of the present results, it
seems that NOP receptors do not modulate ethanol aversive effects
during infancy or adolescence.

The results obtained in the LDB test revealed, in accordance
with previous work [37], ethanol-induced anxiolysis in adoles-
cent Wistar rats. We, however, were not able to reproduce these
effects in preweanling rats, as it had been reported - although in
the Sprague-Dawley strain — by Miranda-Morales [36]. In Exper-
iment 2a, the administration of ethanol to the infants induced a
significant increase in the frequency of emergence from the dark
area, but did not significantly alter the remaining variables under
analysis. Anxiolytics drugs (i.e., diazepam) enhance locomotion and

exploratory behavior in the LDB (often measured via frequency of
transfers from one compartment to the other), but also increase the
time spent in the white area of the apparatus [44]. In the present
study, we observed a trend for an ethanol-induced increase in time
spent in the white area (see Fig. 1A, group 0.0 mg/kg Ro 64-6198;
infant rats), yet this effect did not achieved significance. Other stud-
ies have also found similar discrepancies (i.e., treatment-induced
changes in one measure but not in others) when using the LDB test
(see[44]). The nociceptin treatment did not exert significant effects
on the behavior of the infants in Experiment 2a.

On the other hand, adolescent subjects treated with the NOP
agonist before ethanol (Experiment 2b) displayed significantly less
time in the white area than animals treated with saline and ethanol.
This indicates that activation of NOP receptors is effective in atten-
uating ethanol’s anxiolytic effects at this age. This ethanol x NOP
interaction was not the result of an independent action of the ago-
nist (i.e., animals injected Ro 64-6198 and intubated with water
behaved similarly to saline-injected animals), and was not observed
in the other variables measured. Latency to enter into the dark area
was not significantly affected by ethanol or Ro 64-6198 treatments,
whereas frequency of emergence from the dark area was inhibited
by Ro 64-6198 treatment but unaffected by ethanol treatment. As
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mentioned, it is not uncommon that a given treatment affects one,
but not all, of the variables measured in an LDB test. A study [45]
found that benzodiazepines increased the number of transitions
between compartments, but did not affect time spent in each com-
partment. On the other hand, Costall et al. [46] found that increased
exploratory behavior resulting from benzodiazepine administra-
tion was accompanied by greater time spent in the illuminated
area, although the number of transitions between the two com-
partments remained unchanged. The latter results are congruent
with the pattern found in Experiment 2b: ethanol increased time
spent in the illuminated area without changing the number of tran-
sitions between compartments. In addition, NOP activation by the
administration of the 0.1 mg/kg Ro 64-6198 dose attenuated this
effect of ethanol and significantly attenuated the number of trans-
fer between compartments. This may help explain the inhibitory
effect exerted by NOP activation on ethanol’s activating effects, as
observed during the LMA test.

The activation of NOP receptors attenuated the locomotor stim-
ulating effects of ethanol in adolescents (Experiment 3). These
results are in agreement with our previous studies indicating that
central administration of nociceptin blocked the ethanol stimu-
lating effect in infant rats [16]. The 0.1 mg/kg Ro 64-6198 dose
attenuated ethanol’s motor stimulating effects as well as the over-
all exploratory behavior of the rats in the LDB. Specifically, this
dose induced a significant reduction in frequency of emergence
from the dark area, both in ethanol and in vehicle-treated ani-
mals. It is possible to speculate, then, that the blockade of ethanol’s
stimulating effects is the result of a general inhibition of motor
activity induced by the 0.1 mg/kg Ro 64-6198 dose. This possibility
however, appears unlikely when considering that vehicle treated
subjects exhibited similar motor activity during the LMA, regard-
less the dose of Ro 64-6198 received.

The study of the mechanisms underlying ethanol-mediated
behavioral stimulation is relevant because of its possible mech-
anistic association with the reinforcing effects of drugs of abuse
[47]. The CRF; receptor modulates the development and expres-
sion of locomotor sensitization induced by ethanol in adults [48,49].
Moreover, a recent study indicated that blockade of CRF; receptors
eliminated ethanol-induced locomotor activity [50]. These authors
postulate that stress is a critical variable for the emergence of
ethanol-induced locomotor activation and that this interaction is
mediated by the CRF system [50]. Several studies (e.g., [15]) pos-
tulate a possible interaction of NOP and CRF receptors, in which
nociceptin would act as an antagonist within the CRF receptor sys-
tem. Recent work tested this hypothesis in Marchigian Sardinian
alcohol-preferring (msP) strain of rats, which exhibit an elevated
expression of the CRF; receptor in numerous brain areas. This
increase has been identified as the molecular substrate of the anx-
ious, stress-sensitive phenotype and the high alcohol preference
of this strain of rats [51]. In this strain (compared with heteroge-
neous Wistar rats) the NOP receptor messenger RNA expression and
binding is upregulated across most brain regions and this is accom-
panied by a substantial increase in agonist-induced NOP receptor
signaling in almost all the brain areas investigated [52]. On the
basis of these findings the authors propose that up-regulation of
the NOP system occurs in msP rats in response to and in an attempt
to compensate the up-regulation of CRF1 receptors in this line of
rats [52].

In the present study, the 0.1 mg/kg, but not the 0.3 mg/kg, Ro
64-6198 dose was effective in attenuating ethanol’s anxiolytic and
stimulating effects, in the adolescent rats. It is thus possible that a
U-shaped function accounts for the effects of this NOP agonist on
ethanol consequences. Previous studies conducted in adult rats,
nonetheless, showed that administration of Ro 64-6198 caused
a dose-dependent reduction in ethanol self-administration [22],
as well as in the acquisition, expression, and reinstatement of

ethanol-induced conditioned place preference [53]. Both studies
employed Ro 64-6198 at doses similar (i.e., 0.1, 0.3 and 1.0 mg/kg)
to those used in the present study. In contrast, the natural ligand
nociceptin seems to exhibit biphasic effects [54], with low and high
doses stimulating and inhibiting locomotion, respectively. Also
noteworthy is that other researchers indicated that the adminis-
tration of Ro 64-6198 at doses >0.3 mg/kg can induces anxiolysis
[55]. It seems, therefore, plausible to postulate that, in Experiment
2b, a subthreshold anxiolytic effect of the 0.3 mg/kg Ro 64-6198
dose summed to the anxiolytic effect of ethanol and resulted in a
net effect that opposed the blocking effect observed after 0.1 mg/kg
Ro 64-6198. The rationale underlying this explanation can also
be applied to effects of ethanol on motor activity (Experiment 3).
It is known that anxiolytic drugs increase exploration of a novel
environment. The activating effect of 2.5 g/kg ethanol could have
added up to the subthreshold anxiolytic effect of 0.3 mg/kg Ro
dose. Therefore, this dose did not attenuate motor activation, but
instead helped maintain the activating effect of the drug.

Activation of NOP receptors did not modify ethanol intake pat-
terns during adolescence, a result consistent with previous findings
in infant [16] and adult [52] heterogeneous rats. The studies in
which nociceptin suppressed ethanol drinking, employed the msP
strain of rats, which were genetically selected for ethanol prefer-
ence [21]. Economidou and colleagues postulate that the excessive
ethanol intake of msP rats is a result of an ethanol-induced ame-
lioration of their anxious phenotype [52]. Therefore, it seems
reasonable to hypothesize that the ability of NOP agonists to atten-
uate ethanol intake in msP rats is a consequence of the agonists
inhibiting (as observed in the present study) the anxiolytic effects of
ethanol. A main difference between this study and those conducted
in adults, is that the adults were not under fluid restriction before
test. In addition, msP and Wistar adult rats tested for the modula-
tory effect of NOP on ethanol intake received the NOP treatment
after weeks of exposure to 10% ethanol [52]. Adolescents evaluated
in the present study were naive to ethanol at the moment of the test.
The present results, along with those observed in Miranda-Morales
etal.[16], suggest that the mechanism by which genetically hetero-
geneous infant and adolescent rats drink ethanol may not involve
negative reinforcement (as it is assumed for msP rats). Instead,
ethanol drinking in these so-called “developing animals” may be
regulated by ethanol’s positive reinforcing consequences.

The main results of this study are that NOP receptors seem to
modulate ethanol’s anxiolytic and activating affects during adoles-
cence. We suggest that this modulatory role could be related to
a functional antagonism of CRF; receptors. This is of course just
a hypothesis, and more work should be devoted to analyze this
possible interaction. In addition, we hypothesized that ethanol
drinking during early ontogeny is regulated by the positive
reinforcing consequences of the drug. The knowledge derived
from this study could help understand the mechanism underlying
ethanol-induced anxiolysis, behavioral stimulation and, ultimately,
predisposition for problematic ethanol intake.
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