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We recently observed that naloxone, a non-specific opioid antagonist, attenuated operant responding to
ethanol in infant rats. Through the use of an operant conditioning technique, we aimed to analyze the spe-
cific participation of mu, delta, and kappa opioid receptors on ethanol reinforcement during the second
postnatal week. In Experiment 1, infant rats (PDs 14-17) were trained to obtain 5, 7.5, 10, or 15% ethanol,
by operant nose-poking. Experiment 2 tested blood ethanol levels (BELs) attained by operant behavior.
In Experiment 3, at PDs 16-18, rats received CTOP (mu antagonist: 0.1 or 1.0 mg/kg), naltrindole (delta

ll-‘ffl}:x;rld;inforcement antagonist: 1.0 or 5.0 mg/kg) or saline before training. In Experiment 4, rats received nor-binaltorphimine
Infant rat (kappa antagonist: 10.0 or 30.0 mg/kg, a single injection after completion of PD 15 operant training), spi-

radoline mesylate (kappa agonist: 1.0 or 5.0 mg/kg; at PDs 16-18) or saline (PDs 16-18), before the
conditioning. Experiments 5 and 6 assessed possible side effects of opioid drugs in locomotor activity
(LA) and conditioned taste aversion (CTA). Ethanol at 7.5 and 10% promoted the highest levels of operant
responding. BELs were 12-15 mg/dl. In Experiment 3 naltrindole (dose-response effect) and CTOP (the
lowest dose) were effective in decreasing operant responding. Nor-binaltorphimine at 10.0 mg/kg and
spiradoline at 5.0 mg/kg also blocked ethanol responding. The effects of opioid drugs on ethanol reinforce-
ment cannot be explained by effects on LA or CTA. Even though particular aspects of each opioid receptor
require further testing, a fully functional opioid system seems to be necessary for ethanol reinforcement,
during early ontogeny.

Mu, delta and kappa opioid receptors
Operant conditioning

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Epidemiological studies with humans and experimental stud-
ies with rodents agree that prenatal and/or early postnatal ethanol
experience predicts later responsiveness to the drug [1-6]. This
association emphasizes the importance of understanding the
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neurobiological mechanisms that regulate ethanol effects early in
development, especially considering the growing number of stud-
ies showing a particular sensitivity to ethanol’s reinforcing effects
during the infantile period of the rat (reviewed in [3,4,7,8]). Ethanol
seeking and intake are modulated by the appetitive and aversive
properties of the drug [9], and preweanling rats have proven valu-
able for assessing these phenomena. A pattern of high acceptance of
ethanol early in ontogeny seems to be associated with the pharma-
cological effects of ethanol rather than its orosensory properties
[4,10]. Preweanling rats are also sensitive to locomotor activat-
ing effects of ethanol [11,12]. The stimulating effect of ethanol
is observed with relatively high ethanol doses (1.25 or 2.5 g/kg)
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during the rising phase of the blood ethanol curve [12]. When blood
ethanol concentration reaches peak values, ethanol-induced loco-
motor activation is no longer observed [12].

This biphasic effect of ethanol is likely to be associated with the
biphasic (appetitive and aversive) reinforcing effects induced by
relatively high ethanol doses in preweanling rats [13], since both
follow a similar time course. The use of operant techniques to eval-
uate the motivational effects of ethanol during early ontogeny has
been recently documented in the literature [14-19]. This evidence
strengthens the notion that the developing rat is highly sensitive to
appetitive motivational effects of ethanol, as demonstrated through
rapid and robust instrumental learning.

At this time, four major classes of opioid receptors have been
identified: mu, delta, kappa and ORL1 [20,21]. These subtypes are
widely expressed in brain areas associated with the reinforcing
effects of different drugs of abuse including ethanol [22]. Under
normal conditions activation of mu and kappa receptors seem to
have opposite effects, neurochemically and behaviorally. Intracere-
bral administration of mu and kappa receptor agonists respectively
increases and decreases dopamine release in the ventral tegmen-
tal area [23]. Administration of N/OFQ, the natural ligand of ORL1
opioid receptors, also suppresses the activity of the mesocorticol-
imbic/dopaminergic system, whereas central antagonism of ORL1
receptors induces anxiolysis [24] and conditioned place preference
[25].

Similar to adult rodents [22] ethanol reinforcement and accep-
tance in preweanling rats seems to be regulated, at least partly,
by the opioid system. For example, non-specific opioid antagonists
(such as naloxone or naltrexone) co-administered with ethanol
during gestation disrupt future increases in appetitive respond-
ing towards ethanol [16,26-28]. Furthermore, opioid antagonist
administration prior to conditioning with ethanol disrupts appe-
titive reinforcement towards the drug [17]. In newborn and infant
rats, the mu and kappa opioid system modulates ethanol-mediated
appetitive reinforcement [29] with administration of selective mu
and kappa antagonists inhibiting ethanol-induced reinforcement
[29,30]. Ethanol intake can also be reduced by non-specific or spe-
cific(muor delta) opioid antagonists during the preweanling period
[28,31,32].

In adults ethanol increases release of 3-endorphins, especially
in the ascending limb of the blood ethanol curve [33]. Ethanol
intake is reduced by selective kappa opioid receptor (KOR) agonists,
and delta and mu receptor antagonists [34-36]. Lower preference
for ethanol is found in ORL1 knockout mice than in wild-type
counterparts [25]. The opioid system is also involved in ethanol-
induced appetitive conditioning. In addition to this evidence, it has
been reported recently that the opioid receptors for mu, but not
delta, are involved in the psychomotor stimulant effects of ethanol
[31,37,38].

Recent research conducted in our laboratories indicates that
very early in life, the opioid system is involved not only in ethanol
consumption but also in operant behavior (i.e., seeking of ethanol
consumption [17]). In this work, self-administration of ethanol
was established in terms of operant responding in preweanling
rats with no previous exposure to the drug. Pairing of naloxone
with ethanol, at a point separate in time from operant responding,
reduced ethanol reinforcement, although separate contributions of
each subtype of opioid receptors in this particular effect have not
been tested at this early stage of development. The present exper-
iments tested the involvement of specific opioid receptors (mu,
delta and kappa) in ethanol-mediated operant behavior, in infant
rats. Early in ontogeny mu, delta and kappa receptors follow dif-
ferent patterns of ontogenetic development, but all are functional
by the second postnatal week of life [39]. The idea was to use a
protocol of operant conditioning similar to that used by Miranda-
Morales etal.[17],in conjunction with selective blockade of ethanol

reinforcement through the administration of CTOP (mu antago-
nist) or naltrindole (delta antagonist). For the kappa opioid system,
we tested both an agonist (spiradoline mesylate) and an antag-
onist (norbinaltorphimine) to evaluate the participation of this
sub-system in ethanol reinforcement. This idea is based on recent
findings obtained by Pautassi et al. [56] in which either blockade
or activation of kappa facilitated appetitive ethanol reinforcement
depending on timing of antagonist administration.

The present study was conducted in a different laboratory, coun-
try, and strain of rat (Wistar vs. Sprague-Dawley) than used by
Miranda-Morales et al. [17]. The first step of this work was to con-
firm and extend the generalizability of the main findings obtained
by Miranda-Morales et al. [17]. Strain-dependent differences have
been observed occasionally between Wistar and Sprague-Dawley
rats. Nevertheless, for both strains of rat, newborns prenatally
exposed to an odor paired with ethanol intoxication exhibit height-
ened responsiveness postnatally to an artificial nipple in the
presence of that odor [40]. In addition to this, ethanol-mediated
operant reinforcement has been established in neonates of both rat
strains [14,15]. However, it remains to be established if the proto-
col of operant nose-poking procedure like that of Miranda-Morales
et al. [17] can be replicated in pups derived from the Sprague-
Dawley strain.

The plan of the present study was to: (i) reproduce infantile
ethanol-mediated operant behavior (Experiments 1 and 2); (ii)
analyze the specific participation of mu, delta and kappa opioid
receptors in mediating ethanol reinforcement in infant rats (Exper-
iments 3 and 4); and (iii) test whether non-specific effects of the
opioid drugs (CTOP, naltrindole, nor-BNI and spiradoline) used in
Experiments 3 and 4 might mask effects on operant behavior for
ethanol (Experiments 5 and 6).

2. General methods
2.1. Subjects

Sprague-Dawley infant rats (PDs 14-18) were used across all experiments. These
animals were born and reared in the vivarium at the Center for Development and
Behavioral Neuroscience (AAALAC-accredited facility, Binghamton University, Bing-
hamton, NY, USA). Births were examined daily, and the day of birth was considered
PD 0. The colony was maintained at 22-24°C under a 12h/12h light/dark cycle.
The experiments were approved by the Binghamton University Institutional Review
Committee for the Use of Animal Subjects and were in compliance with the NIH
Guide for the Care and Use of Laboratory Animals [41].

2.2. Cannulation procedures

Across experiments, intraoral infusion was conducted by means of polyethylene
cannulae positioned in the pup’s cheek. Intraoral cheek cannulation is minimally
stressful in preweanlings [42] and has been shown to be a useful tool for the
assessment of responsiveness to tastants, early in life (e.g., [43,44]). This intrao-
ral cannulation procedure has been extensively described in previous studies (for
detailed information please see [16,17,19,45-48]).

2.3. Operant training procedures (PDs 14-17) and extinction session (PD 18)

Custom-made operant-conditioning chambers (12cm x 12cm x 15cm) were
employed [17-19]. One lateral wall of the chamber had a hole in it (diameter: 1 cm);
behind the hole was an evaluation board equipped with a circular touch-sensitive
sensor (Model E11x Evaluation Board; Quantum Research Group, Pittsburgh, PA).
The target behavior under training was nose-poke. Specifically, each time the snout
of an experimental subject touched the sensitive sensor, a signal went on and
activated an infusion pump. A 50-cm section of PE-50 polyethylene tubing was
connected to the end of the oral cannula of the animal and to a 2-ml micrometer
Gilmont Syringe (Gilmont Instruments, Barrington, IL) mounted in a rotary syringe
pump (Kashinsky-Rozboril, Model 5/2000, Binghamton, NY). The pump was set to
deliver a solution at the rate of 5 pl/s, directly into the oral cavity of the animal
(the schedule of reinforcement was set as a fixed ratio 1). On each operant train-
ing day pups were removed from their maternal cages, cannulated (Section 2.2)
and placed in pairs in a holding cage (45 cm x 20 cm x 20 cm) lined with pine shav-
ings and warmed to approximately 354 0.5°C. Three hours later, operant training
took place. First, the anogenital region of the preweanling was gently stroked with
a cotton swab to stimulate defecation and void the subject’s bladder. The animal’s
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weight was then registered (+0.01 g; balance model BP410; Sartorius Corporation,
Edgewood, NY). Operant training began by individually placing an experimental
paired (Pd) pup and its corresponding yoked (Y) control (a same-sex pair of animals)
into their respective operant conditioning chamber. Yoked-control pups received
the infusion each time their paired animal did. In other words, Y controls and Pd
pups received equivalent reinforcement but Y animals had no control over the con-
tingency between target operant behavior and intraoral infusion. The duration of
each daily training session was 15 min. Immediately after each training session, the
weight of each pup was recorded again for measurement of intake. Nose-poking
frequency was registered and recorded during each operant session (Simple Logger
I, Model L404, AEMC Instruments, USA; sensitivity: 1 response/0.01 s). Consump-
tion of ethanol, in terms of grams per kilogram (g/kg) of ethanol ingested during
operant training sessions, was calculated according to the following equation:
([(post-conditioning weight — pre-conditioning weight) x (ethanol solution concen-
tration x 100)] x 0.81)/(pre-conditioning weight x 1000). At PD 18, an extinction
session was given: procedures and conditions of evaluation were similar to those
of the previous operant training days, but the behavior of the infants did not yield
delivery of the reinforcer.

2.4. Drug preparation and administration procedures

Across the experiments, different concentrations of ethanol solutions were used
as reinforcers: 5.0, 7.5, 10.0 or 15.0% (190 proof ethanol, Pharmaco, Brookfield, CT;
vehicle: distilled water).

The opioid antagonists/agonist used were the following: D-Pen-Cys-Tyr-D-Trp-
Orn-Thr-Pen-Thr-NH; (CTOP) a mu opioid receptor (MOR) antagonist; naltrindole, a
delta opioid receptor (DOR) antagonist; nor-binaltorphimine (nor-BNI), kappa opi-
oid receptor (KOR) antagonist and spiradoline mesylate (U62,066E), a KOR agonist.
All these drugs were administered via intraperitoneal (i.p.) injection. Injections took
less than 10 s and were performed in a region situated between the diaphragm and
the genitalia. CTOP (TOCRIS, Ellisville, MO) was administered at a dose of 0.1 or
1.0 mg/kg and was derived from a 0.01 and 0.1 mg/ml solution, respectively. Nal-
trindole (Sigma-Aldrich, St. Louis, MO) was administered at a dose of 1.0 or 5.0 mg/kg
and was derived from a 0.1 and 0.5 mg/ml solution, respectively. Nor-BNI (TOCRIS,
Ellisville, MO) was administered at a dose of 10.0 or 30.0 mg/kg and was derived
from a 1.0 and 3.0 mg/ml solution, respectively. U62,066E (Sigma-Aldrich, St. Louis,
MO) was administered at a dose of 0.1 or 0.5 mg/kg and was derived from a 0.01 and
0.05 mg/ml solution, respectively. The injection volume was kept at 0.01 ml/g for all
drugs and doses, and saline (CINa 0.9%, v/v) was used as the vehicle.

2.5. Locomotor activity assessment

On PD 16, pups were separated from the mother and placed in pairs in a holding
cage. The animals remained in the cage for 3 h, then locomotor activity was evalu-
ated for 15 min. The testing environment consisted of an open field chamber with
Plexiglas walls (42 cm x 42 cm x 30 cm; VersaMax Animal Activity Monitoring Sys-
tem, Accuscan Instruments, Columbus, OH, USA). In this apparatus, locomotion was
detected by interruption of eight pairs of intersecting photocell beams evenly spaced
along the walls of the testing environment. This equipment was situated in sound-
attenuating chambers (53 cm x 58 cm x 43 cm) equipped with a light and fan for
ventilation and background noise. Consecutive photocell beam interruptions were
translated to distance traveled in cm by the VersaMax software. This dependent
variable takes into account the path the animal takes, and is an accurate indica-
tor of ambulatory activity. Immediately after the locomotor activity test pups were
returned to their home cage.

2.6. Conditioned taste aversion test

The pups were separated from their dams on PD 16, cannulated and placed in
pairs in a holding cage. The animals remained in the cage for 3 h. After that time,
pups were voided and weighed. The mean weight of all subjects was calculated and
used as a benchmark for the volume of the intraoral infusion of saccharin (0.1%, w/v)
during conditioning. Each subject’s cannula was connected to a length of PE50 tub-
ing that in turn was connected to a 5 ml syringe operated by an automatic infusion
pump (KD Scientific, Holliston, MA). The subjects were then placed into a Plexiglas
container divided into eight sections measuring 9 cm x 15 cm each. The bottoms of
these containers were lined with absorbent paper and slightly heated (26-27°C).
Subjects received an intraoral infusion of saccharin (2.5% of their body weight) overa
10 min period. These infusion parameters allowed pups to either accept or reject the
infused solution [49]. Immediately following the intraoral infusion, pups were dis-
connected from the tubing, weighed to estimate saccharin consumption scores and
injected i.p. with the opioid antagonist or agonist. One hour post injection, pups were
returned to their dams. On PD 17 (test day), subjects had the same manipulation as
on PD 16 but no injection after intake test.

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. Number of males and females
in each group was balanced, whenever possible [50]. Data obtained during the

operant task were analyzed with analysis of variance (ANOVA). Separate ANOVAs
were executed to analyze training and extinction sessions. In the case of signifi-
cant three-way interactions, follow-up ANOVAs were employed before the use of
post hoc tests. This procedure served to minimize the probability of Type I errors
arising from multiple group comparisons. The loci of significant main effects or two-
way interactions were further 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.

Preliminary analysis of the data of each experiment included sex as a variable.
This factor consistently failed to exert any significant main effect, or to interact with
any other factor under analysis. For this reason, further statistical analysis was per-
formed after collapsing across sex in all conditions. In addition, other preliminary
analyses were conducted to compare nose-poke behavior between experimental
(Pd) vs. Y control infants for each experiment of operant conditioning (Experiments
1, 3 and 4). In these ANOVAs nature of reinforcer (Experiment 1), or dose of the opi-
oid antagonist or agonist tested (Experiments 3 and 4) served as a between variable
and days of operant training (PDs 14-17) were considered as a within variable. For
all the cases, the nature of the reinforcer or the opioid antagonists/agonist failed to
significantly affect nose-poking behavior of yoked pups. Only a significant effect of
day of training could be observed: yoked pups significantly increased their number
of sensor contacts from PD 14 to 15 (Experiment 3), 15 to 16 (Experiment 1) and
16 to 17 (Experiment 3). Taking this result into account and considering the anal-
ysis performed in previous studies of operant conditioning during infancy which
also found that yoked-control animals were unaffected by the independent vari-
ables [17], Y-control animals were collapsed across the experimental conditions for
statistical analysis.

3. Experiment 1

Previous studies indicate that preweanlings Wistar rats
effectively increased the probability of nose-poking for a low-
concentration ethanol solution (3.75%, v/v [17]). In addition,
Sprague-Dawley rats, during early infancy, seem to perceive
moderate-to-high ethanol concentrations as appetitive [14,51,52].
The present experiment was conducted to determine at which of
four ethanol concentrations infant rats from the Sprague-Dawley
strain would learn to perform a target behavior (nose-poke) to gain
access to intraoral delivery of ethanol.

3.1. Methods

Eighty infants from 10 litters were employed. Groups were
defined by the following factors: operant learning condition (paired
or yoked) and concentration of ethanol solution used as the rein-
forcer (5.0, 7.5, 10.0 or 15.0%, v/v). Each group was composed of 10
infants. Operant training procedures were conducted during PDs
14-17.

3.2. Results

Results are depicted in Fig. 1. A two-way analysis of variance
(ANOVA) was employed to process nose-poke frequency during
operant training sessions (PDs 14-17). The between-group factors
were ethanol concentration (5.0, 7.5, 10.0, 15.0% or the yoked-
control). Day of training (PDs 14-17) served as a within factor.
Nose-poke frequency was significantly affected by each of the two
factors under consideration (F(4, 75)=31.95 and F(3, 225)=53.57,
both p’s<0.001). The interaction of these two factors also achieved
significance (F(12, 225)=7.54, p<0.001). Fisher post hoc tests indi-
cated that on PD 16, Pd pups from all groups had a significantly
higher frequency of nose-poking than the yoked-collapsed group.
Interestingly, on PD 17, Pd pups reinforced with 7.5% or 10% ethanol
had a significantly greater frequency of nose-poking than pups
reinforced with 5 or 15% ethanol (the difference between Pd pups
reinforced with 10% ethanol and Pd pups reinforced with 5% ethanol
did not achieve significance, p=0.09).

To analyze consumption scores during training sessions, a pre-
liminary ANOVA indicated no difference in body weight gains
between experimental and yoked-controls across the different
ethanol concentrations. In other words, ingestion of any specific
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Fig. 1. Total number of responses during operant training (PDs 14-17), as a function of learning condition (paired or yoked) and reinforcers (5.0, 7.5, 10.0 or 15.0% ethanol).
Vertical lines represent standard errors of the mean.

Table 1

Estimated ethanol intake (g/kg) after each daily session of operant conditioning as a function of ethanol concentration (Experiment 1); mu or delta opioid receptor blockade
(Experiment 3); or kappa opioid receptors blockade or agonism (Experiment 4).

Reinforcer Experiment 1

PD 14 PD 15 PD 16 PD 17

Paired Yoked Paired Yoked Paired Yoked Paired Yoked
5.0% ethanol 0.005 + 0.003 0.003 + 0.002 0.014 + 0.009 0.018 + 0.014 0.055 + 0.014 0.057 + 0.018 0.057 + 0.019 0.047 + 0.016
7.5% ethanol 0.002 + 0.002 0.003 + 0.003 0.030 + 0.025 0.027 + 0.022 0.080 + 0.026 0.093 + 0.027 0.185 + 0.080 0.106 + 0.032

10.0% ethanol 0.018 + 0.018 0.018 £+ 0.012 0.068 + 0.030 0.085 + 0.031 0.171 + 0.034 0.122 + 0.031 0.245 + 0.063 0.167 + 0.049
15.0% ethanol 0.012 + 0.012 0.024 + 0.007 0.029 + 0.013 0.044 + 0.024 0.052 + 0.027 0.076 + 0.047 0.080 + 0.033 0.086 + 0.026

Opioid Experiment 3
antagonist
(mg/kg)
PD 14 PD 15 PD 16 PD 17
Paired Yoked Paired Yoked Paired Yoked Paired Yoked
CTOP 0.1 0.000 + 0.000 0.000 + 0.000 0.031 + 0.017 0.019 + 0.013 0.059 + 0.038 0.067 + 0.030 0.051 + 0.038 0.070 + 0.038
CTOP 1.0 0.005 + 0.004 0.004 + 0.002 0.029 + 0.010 0.026 + 0.019 0.117 + 0.028 0.098 + 0.038 0.186 + 0.066 0.189 + 0.072

Naltrindole 1.0 0.014 + 0.009 0.014 + 0.008 0.027 + 0.018 0.039 £+ 0.017 0.066 + 0.027 0.071 £+ 0.033 0.069 + 0.022 0.056 + 0.025
Naltrindole 5.0 0.004 + 0.003 0.004 + 0.003 0.017 &+ 0.009 0.063 £ 0.047 0.058 + 0.022 0.025 £+ 0.010 0.040 + 0.013 0.016 £ 0.007

Saline 0.009 + 0.007 0.021 + 0.016 0.035 + 0.016 0.029 + 0.013 0.081 + 0.033 0.060 + 0.027 0.126 + 0.063 0.157 + 0.068
Opioid antago- Experiment 4
nist/agonist
(mg/kg)
PD 14 PD 15 PD 16 PD 17
Paired Yoked Paired Yoked Paired Yoked Paired Yoked
Nor-BNI 10.0 0.000 + 0.000 0.000 + 0.000 0.017 £+ 0.010 0.013 £ 0.009 0.020 + 0.014 0.022 + 0.015 0.026 + 0.023 0.030 £ 0.028
Nor-BNI 30.0 0.000 + 0.000 0.000 + 0.000 0.030 + 0.015 0.009 + 0.007 0.028 + 0.017 0.032 + 0.023 0.066 + 0.027 0.102 £ 0.037
U62,066E 1.0 0.000 + 0.000 0.000 + 0.000 0.007 + 0.005 0.003 + 0.002 0.004 + 0.003 0.005 + 0.003 0.031 + 0.017 0.009 + 0.008
U62,066E 5.0 0.000 + 0.000 0.000 + 0.000 0.002 + 0.002 0.009 + 0.007 0.018 + 0.018 0.025 + 0.025 0.003 + 0.003 0.006 + 0.006

Saline 0.000 + 0.000 0.000 + 0.000 0.031 £ 0.021 0.015 £+ 0.015 0.044 + 0.018 0.063 + 0.021 0.102 + 0.039 0.069 + 0.027
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fluid did not differ between experimental groups (paired vs. yoked).
The subsequent statistical analyses focused on experimental ani-
mals, exclusively. A two-way ANOVA included reinforcer (5.0, 7.5,
10.0and 15.0%) as a between factor and days of training (PDs 14, 15,
16 and 17)as awithin factor. This ANOVA showed a significant main
effect of reinforcer (F(3, 36)=4.09, p<0.025) and of days of training
(F(3,108)=16.46, p<0.001). The interaction between these factors
had a borderline significance (F(9, 108)=1.81, p=0.07). Fisher post
hoc tests indicated that consumption of ethanol solutions increased
significantly after PD 15. Consumption of 10% ethanol was signifi-
cantly higher when compared with the other solutions (comparison
against 7.5% was not significant, p = 0.08). These results are summa-
rized in Table 1.

The results of Experiment 1 indicate that the present experimen-
tal preparation, previously used only in Wistar rats [17,19], is also
suitable for analysis of operant conditioning in Sprague-Dawley
infants. The ethanol-concentrated solutions used as reinforcers
exerted differential effects on infants, reflected in nose-poking
behavior and consumption scores with each concentration. Impor-
tantly, operant behavior of control (Y) animals did not differ across
the different solutions used as reinforcer. Of major importance for
the goal of this study was the observation that consumption scores
of these animals are similar to those observed before in Wistar-
derived infants [17], even when employing higher concentrations
of the drug. In addition, these levels of ethanol self-administration
are similar to those indicated in the literature during early ontogeny
[14,17,53-55]. These results are summarized in Table 1.

4. Experiment 2

According to Experiment 1, 7.5 and 10% ethanol solutions were
more effective than lower or higher concentrations in terms of both
appetitive and consummatory behaviors. The present study was
conducted to estimate blood ethanol concentrations (BECs) result-
ing from the levels of consumption observed in Experiment 1. The
goal of this experiment was to determine whether detectable BECs
would be achieved in the process of operant training. Infants were
intraorally infused with 7.5 or 10.0% (v/v) ethanol using timing and
amount of infusion that mirrored those of the Pd animals in Exper-
iment 1, using a protocol applied previously to measure BECs in
similar circumstances [14].

4.1. Methods

Fifty seven infants from 6 litters were employed. Groups were
defined by the ethanol solution used as reinforcer (7.5 and 10.0%,
v/v) and the day of training (14-15, 14-16 or 14-17). Each group
was composed of 9-10 infants. Pups underwent the same treatment
as animals in Experiment 1. During each daily operant session pups
were provided with infusions of 7.5 or 10.0% ethanol, mimicking the
rate of administration of Pd infants from the previous experiment.
Pups were sacrificed after completion of operant training at PD 15,
16 or 17 (in other words, pups underwent 2, 3 or 4 operant train-
ing sessions) and trunk blood was obtained through decapitation.
Samples were collected using a 1.5-ml Eppendorf tube and imme-
diately centrifuged at high speed (6000 rpm [roughly 2200 x g];
micro-Haematocrit Centrifuge, Hawksley & Sons Ltd., Sussex, Eng-
land). Serum was removed from the samples and stored at 70°C
for later analysis. An AM1 Alcohol Analyzer (Analox Instruments,
Lunenburg, MA) was used to process blood ethanol contents. BECs
calculations are made in terms of conversion rate of ethanol oxi-
dation to acetaldehyde in the presence of ethanol oxidase. The
apparatus measures the rate of oxygen required by this process,
which is proportional to ethanol concentration, and produces a
printout 20-30s after the plasma is injected. All BEC values were

18 q [ 7.5%EtOH
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Fig. 2. Blood ethanol concentration (mg/dL) achieved after two (PDs 14-15), three
(PDs 14-16) or four (PDs 14-17) daily operant training sessions as a function of
ethanol solutions used as reinforcers (7.5 or 10.0%). Vertical lines represent standard
errors of the mean.

expressed as milligrams of ethanol per deciliter of body fluid (mg/dl
or mg).

4.2. Results

As indicated by the two-way ANOVA (2 ethanol concentra-
tions x 3 number of training sessions), BECs varied significantly
as a function of solution and number of training sessions (F(1,
51)=16.44,p<0.001; F(2,51)=20.19, p<0.001, respectively). BECs
achieved by self-administration of 10% ethanol were significantly
higher than those recorded with 7.5% ethanol. In addition, BECs sig-
nificantly increased across the training sessions. These results are
summarized in Fig. 2.

In summary, these results indicate that detectable and dose-
dependent BECs are obtained immediately after completing a
procedure similar to that employed in Experiment 1, in which 7.5
or 10% of ethanol was infused. These solutions were also those
observed to exert positive reinforcing effects in the previous exper-
iment. Of major importance, BECs obtained during PDs 16 and 17
(12-15mg/dl) coincide with those reported to exert reliable posi-
tive reinforcing effects when newborn rat pups are tested in terms
of Pavlovian conditioning with ethanol as the US [53,54] or operant
responding for ethanol [14], or when infants (2-3 weeks old) are
tested in operant conditioning [17].

5. Experiment 3

The present experiment assessed the involvement of the opi-
oid system in performance of an operant task with 10% ethanol as
the source of reinforcement. A recent study from this group [17]
indicated that blockade of the opioid system attenuates operant
behavior towards ethanol reinforcement. A non-selective opioid
antagonist (naloxone) was employed in this study; however, the
specific subtype of opioid receptor involved in this effect is unclear.
In the present experiment, infant rats were injected with specific
opioid antagonists of mu or delta opioid receptors (MOR and DOR,
respectively) before operant training and extinction. These manip-
ulations were intended to assess participation of these two opioid
receptor systems in ethanol-related operant behavior.
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5.1. Methods

A total of 120 infant rats were tested. Methodological and
technical procedures were similar to those described in General
Methods and Experiment 1. Operant training procedures occurred
during PDs 14-17, using 10.0% (v/v) ethanol as reinforcer. An
extinction session was added on PD 18. On PDs 16, 17 and 18,
30 min prior to the operant training session, pups were weighed
and i.p. injected with CTOP (0.1 or 1.0 mg/kg), naltrindole (1.0 or
5.0 mg/kg) or vehicle (saline, 0.9%). Following injection, pups were
returned to the holding chambers where they remained until the
operant training session took place.

5.2. Results

A two-way mixed ANOVA (6 opioid drug treatments x 4 train-
ing session days) indicated that nose-poking behavior significantly
varied as a function of both drug treatment and training day (F(5,
114)=15.21; F(3, 342)=38.49, both p’s<0.001, respectively). The
drug treatment x training day interaction was also significant (F(15,
342)=4.08,p<0.001). The locus of the interaction was further ana-
lyzed with a Fisher post hoc test. On PD 15 all pups given the
contingency between nose-poking and ethanol delivery differed
significantly from control Y pups; there was no significant differ-
ence among rats assigned to subsequent opioid antagonist groups
during the two days before administration of the antagonist. On
PD 16, all the experimental groups, except NATL 5, displayed a
significantly higher number of operant responses than Y-control
animals. It is important to point out that the Y-control in this case
is the total of all yoked conditions across the whole experiment. In
addition, operant responsiveness among pups given NALT 5 was
significantly lower than for those given CTOP 1 (p<0.025); and
tended to be lower than in the SAL control condition (p =0.068). On
PD 17, the profile observed was quite similar, with highest respond-
ing in the SAL and CTOP 1 groups and no difference between the
NALT 5 group and the Y-control. Only the SAL and CTOP 1 groups
had greater responding than on the previous training day and both
groups significantly differed from all other groups, but not from
each other.

During extinction (PD 18) operant behavior was similar to that
observed during PD 17: opioid antagonists differed in their effect
(F(5, 114)=7.95, p<0.001); the NALT 5 group did not differ sig-
nificantly from the Y-control (CTOP 0.1 vs. Y-control, p=0.064);
in addition, the highest numbers of responses during extinction
were seen in the SAL, CTOP 1 and NALT 1 groups. These results are
depicted in Fig. 3.

Analysis of intake scores among Pd animals indicated only a sig-
nificant main effect of training days (F(3, 165)=11.77, p<0.001).
After PD 16, consumption scores of 10% ethanol significantly
increased. Opioid antagonists did not significantly affect the con-
sumption profile of the drug (p=0.12). Results of consummatory
tests are summarized in Table 1.

Overall, the results from Experiment 3 showed that both classes
of opioid receptors, MOR and DOR, participated in mediating
ethanol’s reinforcing effects through operant self-administration.
The effects of DOR blockade seem to be dose dependent with
greater effect of the higher dose, but surprisingly, only the lower
dose of CTOP was effective in blocking operant behavior for ethanol
reinforcement.

6. Experiment 4

Recent data established a role of the KOR system in ethanol
reinforcement during early ontogeny [56,57]. In Experiment 4 the
KOR system was manipulated through the use of agonists and
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Fig. 3. Total number of operant responses of experimental (paired) and control
(yoked) animals towards a 10% ethanol solution, across training (PDs 14-17) and
extinction sessions (PD 18) as a function of opioid antagonist injection during PDs
16-18 (CTOP: 0.1 or 1.0 mg/kg, naltrindole: 1.0 or 5.0 mg/kg or saline). Vertical lines
represent standard errors of the mean.

antagonists. The question was whether this opioid sub-system
is implicated in ethanol-mediated operant responding during
infancy.

6.1. Methods

A total of 110 infant rats were tested. Methodological and tech-
nical procedures are described in Section 2 and in Experiment 1.
Operant training procedures occurred during PDs 14-17, using
10.0% (v/v) ethanol as reinforcer. On PD 18 an extinction session
was conducted. Thirty minutes prior to the operant training session
on PDs 16, 17 and 18, pups were weighed and injected i.p. with the
kappa agonist U62,066E (0.1 or 0.5 mg/kg) or vehicle (saline 0.9%).
Following injection, pups were returned to the holding chambers
where they remained until operant training took place. Another
group of animals was injected with the kappa antagonist nor-BNI
(10.0 or 30.0 mg/kg) 24 h before PD 16 operant conditioning. These
animals were injected only once with the antagonist. The rationale
for the administration of nor-BNI was that detectable doses of nor-
BNI have a slow but persistent onset of action. During the first hours
after its administration nor-BNI does not selectively affect KOR dif-
ferently than MOR and achieves its peak selective KOR antagonistic
action approximately 24 h after administration [58]. This antago-
nist was injected only once because it has long lasting effects that
persist for 72 h or more [59-61].

6.2. Results

A two-way ANOVA was employed to compare nose-poke
frequency during operant training (PDs 14-17). Between-group
factors included dose of the of kappa opioid agonist (U62,066E
0.1 or 1.0 mg/kg) or antagonist (nor-BNI 10 or 30 mg/kg) plus the
Y-control group. Day of training (PDs 14-17) served as a within fac-
tor. As Fig. 4 shows, nose-poke frequency was significantly affected
by the two factors under consideration [F(5, 104)=3.62, p<0.01
and F(3, 312)=24.36, p<0.001, respectively]. The interaction of
these factors also achieved significance (F(15,312)=3.92,p<0.001).
Fisher LSD post hoc tests indicated that, at PD 16, SAL experimental
pups executed a significantly higher number of operant responses
than all remaining groups. In addition, SAL was the only group that
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Fig. 4. Total number of operant responses of experimental (paired) and control (yoked) animals towards a 10% ethanol solution, across training (PDs 14-17) and extinction
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Vertical lines represent standard errors of the mean.

differed significantly from the Y-control pups. At PD 17, SAL, nor-
BNI 10 and U62,066E 0.1 significantly differed from the Y-control.

The ANOVA employed for analyzing operant seeking behav-
ior, during extinction, indicated that both kappa opioid antagonist
and agonist significantly affected nose-poking (F(5, 104)=4.85,
p<0.001).SAL, nor-BNI 10 and U62,066E 0.1 groups had the highest
numbers of responses during extinction and significantly differed
from the Y-control group (all p’s<0.01). U62,066E 0.5 and nor-BNI
10 did not differ from controls.

Statistical analyses of consumption scores focused on experi-
mental animals. A two-way mixed ANOVA included kappa opioid
agonist/antagonist as a between factor and day of training (PDs
15, 16 and 17) as a within factor. The PD 14 data were not
included in this analysis because no significant change in body
weight, as a function on ethanol consumption, was observed. The
ANOVA showed significant main effects of both drug and day [F(4,
50)=2.93,p<0.05; and F(2, 100)=4.09, p <0.025, respectively]. The
Fisher LSD post hoc test indicated that pups injected with saline
during PDs 16-18 consumed significantly more ethanol than ani-
mals injected with nor-BNI 10 (p <0.05), U62,066E 0.1 (p <0.025) or
U62,066E 0.5 mg/kg (p<0.01). In other words, both the kappa ago-
nist and antagonist (in the lower dose) decreased ethanol intake.
Consumption of ethanol significantly increased after PD 15 and,
on PD 17, consumption of the drug was significantly higher than
before. Results are summarized in Table 1.

In summary, activation of kappa receptors by U62,066E during
operant training/extinction produced a dose-dependent decre-
ment in the rate of responding for ethanol. When KORs were
blocked by nor-BNI there was a similar reduction in operant
responding, although only with the low dose of nor-BNI. The higher
dose of this KOR antagonist seemed to have no effect on operant

responding, at least in terms of comparison with the saline control
group. However, starting on PD 17 and continuing into extinction
on PD 18 both the nor-BNI 30 and the U62,066E 0.1 paired subjects
had greater responding for ethanol than their yoked controls.

7. Experiment 5

It is known that ethanol administration promotes changes in
activity, density, or affinity of specific classes of opioid receptors
in distinct regions of the brain. These ethanol-induced changes
may be important in mediating some of the neurobehavioral effects
of ethanol (including ethanol reinforcement) and may play a role
in controlling ethanol consumption [22]. Experiment 3 indicated
that both MOR and DOR are involved in ethanol-mediated operant
responding during infancy. Both the lower dose of CTOP and the
higher dose of naltrindole seemed to block the increment in oper-
ant behavior observed in the saline group. Nonetheless there exists
the possibility that these effects could be due to other nonspecific
opioid-antagonist-induced effects, such as depression in locomo-
tor activity or alteration in the taste value of ethanol. To assess
these alternative explanations, four control experiments were con-
ducted. First, we tested sensitivity to changes in locomotor activity
induced by CTOP and naltrindole. In the second control experiment,
locomotor sensitivity to nor-BNI and U62,066E was tested. In the
third and fourth control experiments motivational properties of
the present doses of these opioid drugs were tested in terms of
conditioned taste aversion (CTA). In the first of these, CTOP and
naltrindole were used as the unconditional stimulus (US) and, in
the second, nor-BNI and U62,066E were employed as the US. In
both CTA experiments, a low concentration of saccharin solution
was employed as the conditional stimulus (CS).
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7.1. Methods

7.1.1. Effects of CTOP and naltrindole on locomotor activity

Forty-eight infant rats were tested. On PD 16, pups were sep-
arated from the mother and placed in pairs in a holding cage
where they remained for 2.5 h. After that time, their body weights
were individually recorded (+0.01 g) and the rats were given an
i.p. administration of CTOP (0.1 or 1.0 mg/kg), naltrindole (1.0 or
5.0 mg/kg) or saline. After the injection, pups were placed again in
pairs in the holding cage. Thirty minutes later, locomotor activity
was evaluated for 15 min (see Section 2.6).

7.1.2. Effects of nor-BNI and U62,066E on locomotor activity

A second locomotor activity test evaluated the effects of an ago-
nist and antagonist of KOR on motor activity. For this experiment 48
infant rats were tested. The experiment was similar to the previous
experiment except that 30 min before testing, animals were given
an i.p. injection of U62,066E (0.1 or 0.5 mg/kg) or saline. Other ani-
mals were given a nor-BNI injection (10.0 or 30.0 mg/kg) 24 h before
their test on PD 16. The intention was to mimic the drug treatments
tested in the operant conditioning experiment.

7.1.3. Conditioned taste aversion mediated by unconditional
effects of CTOP and/or naltrindole

Sixteen-day-old pups were tested for CTA (see Section 2.7).
Immediately following the intraoral infusion of saccharin, pups
were disconnected from the tubing, weighed to estimate saccha-
rin consumption scores and i.p. injected with one of the following:
CTOP (0.1 or 1.0 mg/kg), naltrindole (1.0 or 5.0 mg/kg) or saline.
One hour post injection, pups were returned to their dams. On PD
17 (test day), subjects were treated as on PD 16 except that no
injection was given after the intake test.

7.1.4. Conditioned taste aversion mediated by unconditional
effects of nor-BNI or U62,066E

A CTA test was conducted to evaluate motivational effects of the
kappa agonist (U62,066E) and the kappa antagonist (nor-BNI). The
experiment was similar to the one described before (Section 7.1.3)
except that immediately after saccharin ingestion, animals were
given an i.p. injection of U62,066E (0.1 or 0.5 mg/kg), nor-BNI (10.0
or 30.0 mg/kg) or saline. The administration time of nor-BNI was
different from that used for operant conditioning. The rationale of
changing the injection time in this paradigm was that the only way
to test its effects as a US was to inject the drug after the CS, and it
was important to ensure that the animal first perceived the CS and
later the US.

7.2. Results

7.2.1. Locomotor activity assessment

A one-way ANOVA indicated that CTOP and naltrindole did
not affect the locomotor activity of the infants. A similar result
was obtained when pups were tested after injection of nor-BNI or
U62,066E (see Table 2).

These results indicate that, at least for the procedures and
doses of opioid agonist and antagonist used in this study, changes
observed in operant behavior for ethanol as a result of these drugs
cannot be explained as a drug-induced alteration in motor reactiv-
ity, but are due to effects of these opioid drugs on neural circuits
that underlie ethanol reinforcement.

7.2.2. Conditioned taste aversion

Percentage of body weight gained during the testing day (PD 17)
was analyzed through a one-way ANOVA of an index of saccharin
intake. In this analysis, neither the opioid receptor antagonists nor

Table 2
Effects of opioid drugs (CTOP, naltrindole, nor-BNI or U62,066E) on locomotor activ-
ity (second column) or conditioned saccharin intake (third column).

Experiment 6 — locomotor activity and CTA

Saccharin
intake (% BWG)

Opioid antagonist (mg/kg) Distance traveled (cm)

CTOP 0.1 1490 + 304 1.72 £ 0.11
CTOP 1.0 1278 + 206 1.65 + 0.18
Naltrindole 1.0 1191 + 205 1.50 &+ 0.06
Naltrindole 5.0 824 + 143 1.46 £ 0.18
Saline 1151 + 329 1.47 £ 0.13
Nor-BNI 10.0 945 + 194 1.87 £ 0.05
Nor-BNI 30.0 982 + 167 1.59 + 0.19
U62,066E 1.0 1395 + 321 1.59 £ 0.15
U62,066E 5.0 1435 + 265 1.48 + 0.21
Saline 1172 + 210 1.92 + 0.14

the agonist (CTOP, naltrindole, nor-BNI and U62,066E) significantly
affected consumption of saccharin on test day (see Table 2).

These results suggest that the association between infusions of
saccharin and the present opioid drugs does not modify later con-
sumption of saccharin. Moreover, extrapolation of these results to
those obtained in operant conditioning indicate that the decrease
in operant responding after injection of any of the opioid drugs can-
not be explained in terms of an unconditional effect of the opioid
antagonists or agonist on ingestion.

8. Discussion

Results of the present experiments are in concordance with
previous evidence that ethanol reinforcement in infant rats is
mediated, at least in part, by the opioid system [16,17,26,62]. The
first two experiments of this study indicated that Sprague-Dawley
infants rapidly learn an operant response to obtain ethanol. An
interesting point derived from Experiment 1 is that concentra-
tions of ethanol higher than the 3.75% concentration previously
employed [17,19] were effective in eliciting operant behavior in
this rat strain (Sprague-Dawley). Even though numbers of operant
responses in the present study were considerably lower than those
executed by Wistar-derived infants [17,19], ethanol consumption
as a function of operant responsiveness was very similar in both
strains.

Some strain-dependent differences have been observed
between Wistar and Sprague-Dawley rats. Wistar pups have
lower neonatal body weights than do the Sprague-Dawley rats;
there seems also to be an apparent interaction between strain
and effect of alcohol on body weight: Wistar but not Sprague-
Dawley newborns had significantly lower body weights when
they were prenatally exposed to alcohol than did those whose
dams were treated with only water during gestation [40]. Some
studies suggest that these genetically distinct rat strains can
show differential sensitivity to opioids, more specifically to drug-
seeking responses [63]. A recent work has shown that Wistar
and Sprague-Dawley rats present differences in sensitivity to
mu opioid receptor-mediated anti-nociception determined by
cross-regulation between MOR and DOR [64]. In terms of operant
behavior, ethanol-mediated reinforcement has been established
in neonates of both rat strains [14,15]. In Wistar rats, neonatal
ethanol-mediated operant behavior only could be observed after
prenatal exposure to the drug. In addition with this, relatively high
ethanol concentrations seemed to exert different motivational
effects in neonates of both strain. While Sprague-Dawley neonates
displayed a reliable operant behavior towards 5.0 and 7.5% ethanol
[14]; Wistar-derived pups seemed to show no differential response
to a 6% ethanol solution, when compared to control subjects [15].
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This result may be indicating that Sprague-Dawley strain could be
more sensitive to higher ethanol concentrations [51].

Blood ethanol levels were not higher than 18 mg% as a func-
tion of ethanol self-administration (Experiment 2). Similar BELs
have previously been found to exert pharmacologically significant
reinforcing effects during early development. Indeed, preweanlings
appear to be highly sensitive to the positive reinforcing effects of
such low doses of ethanol [14,17,29,53-55]. Studies conducted to
analyze ethanol ingestion or sensitivity to the drug’s motivational
effects during early ontogeny suggest that rapid accumulation of
ethanol in blood or brain is conducive to high levels of ethanol
ingestion or preference for stimuli that predict ethanol’s postab-
sorptive effects (e.g., see [13,51,53,65,66]). In other words, and in
accordance with recent studies conducted in adult rats [67-69], it
appears that acceptance of ethanol requires a balance between the
sensory and postabsorptive effects of the drug.

A subsequent experiment (Experiment 3) tested participation
of mu and delta opioid receptor (MOR and DOR) systems in oper-
ant behavior elicited by ethanol reinforcement. For this test, two
different doses of specific MOR and DOR antagonists were injected
just prior to operant training (PDs 16 and 17) or extinction (PD 18)
sessions. Data indicated that both receptor sub-systems mediate
ethanol ingestion and nose-poking for ethanol. A clear reduction
in operant responsiveness was evident for pups injected with
the lower dose of CTOP or with NALT (in particular, the higher
dose of NALT). These results are supported by evidence in adult
rats: intra-cerebroventricular injections of both kinds of opioid
antagonists (CTOP and naltrindole) were effective in suppress-
ing ethanol responding in alcohol-preferring and heterogeneous
strains of adultrats [34]. Arias etal.[31] recently found that locomo-
tor activation induced by ethanol in two-week old rats is specifically
modulated by MOR but not by DOR [31]. MOR as well as DOR is
also implicated in ethanol-mediated conditioned place preference
at about the same age [62]. MOR and DOR also regulate ethanol
intake, but they seem to be implicated in regulating consummatory
behavior in general during the preweanling period, since block-
ade of either of these receptors also suppressed acceptance of
water and saccharin [31]. Hence, it seems that there is a partial
overlap of neurochemical mechanisms involved in the appetitive,
consummatory and stimulating effects of ethanol in preweanling
rats. B-Endorphin and the enkephalins are the endogenous lig-
ands with the highest affinity for the MOR and DOR [70,71]. In
adults both endogenous peptides function as positive reinforcers
and their release is increased after ethanol consumption [22]. The
present experiments show that in infant rats, blocking receptors
associated with opioid ligands for mu and delta attenuated operant
responding, i.e., reduced ethanol reinforcement.

The next step was to evaluate the involvement of KOR by vari-
ation in dose of an antagonist and an agonist of these receptors
(Experiment 4). When ethanol reinforcement was evaluated under
the effects of a kappa agonist, a clear reduction of operant reinforce-
ment was observed, in particular when employing the higher dose
of U62,066E: pups injected with a lower dose of the KOR antagonist
nor-BNI showed a reduction in responding for ethanol, but those
given the higher dose of nor-BNI seemed unaffected.

The results with kappa opioid antagonists may seem puzzling at
first glance. The kappa system is involved in many aspects of animal
behavior, one being response to stress. Kappa activation is a stress-
inducing event and blockade of the system has an anxiolytic effect
(for review see [72]). One possible explanation for the set of results
seen with nor-BNI is that increased operant responding for ethanol
in the current preparation is partly due to the negative reinforcing
(anxiolytic) properties of ethanol. Administration of the low dose
of nor-BNI prior to testing would reduce the stress associated with
the procedure and thus reduce responding for ethanol. On the other
hand the higher dose of nor-BNI delayed expression of increased

responding but eventually (one day later) produced clear appetitive
reinforcement. In a recent study with preweanling rats, blockade
of kappa function facilitated the expression of appetitive ethanol
reinforcement in terms of tactile and taste conditioning, whereas
kappa opioid activation potentiated ethanol’s motor-depressing
effects [56]. Therefore, one explanation for the increased respond-
ing on PD 17 in the group treated with the high dose of nor-BNI
is increased appetitive reinforcement to ethanol’s pharmacologi-
cal effects. The delay in increased responding would be expected
given that Mitchell et al. [73] found an increase in ethanol self-
administration by adult non-dependent rats four days after the
administration of nor-BNI, with a dose (10 mg/kg) similar to that
used in the present study [73]. It should be noted, however, that in
adult animals that are not ethanol-dependent, antagonists for KOR
generally have had no effect on ethanol operant self-administration
[74-77]. On the other hand, in ethanol-dependent animals, block-
ing KOR with nor-BNI reduces operant ethanol self-administration
[76,77].

The effects of kappa agonists in the present study can be
explained more readily. It is known from older studies that KOR
agonists can suppress ethanol intake in adults [36]. The fact that, in
some cases, KOR agonists were found to be aversive [78-80] makes
itdifficult to determine if their effects on ethanol reinforcement can
be separated from their direct aversive effects. Previous research
suggests that endogenous dynorphin, the endogenous ligand for
KOR, offers protection against drug abuse [81]. Enhancing the action
of dynorphin with an agonist should therefore reduce the reinforc-
ing value of ethanol. Collectively, activation of the kappa opioid
system may have a general suppressant effect on ethanol rein-
forcement in nondependent animals (for a review, please see [82]).
The controversial action of the kappa opioid sub-system remains to
be completely understood for ethanol reinforcement in developing
rats. One weakness of studies that employ long-acting KOR antag-
onists or agonists is that the organism is under the effects of these
drugs for several hours, even days, after the injection. Despite this
observation, indirect measures such as daily body weight have not
been affected by these drugs.

Separate experiments were conducted in the present study to
control the possibility thati.p. injections of antagonist/agonist opi-
oid receptors exerted unconditional effects capable of masking
ethanol reinforcement. In all cases, we failed to observe changes
in locomotor responses elicited by any of these substances. Simi-
larly, ingestion in general was not affected by any of the doses of
MOR, DOR and KOR antagonists or the KOR agonist tested.

An interesting point that emerges from this set of results is that,
as was the case of previous experiments [17], manipulation of the
opioid system during extinction, when no ethanol was present,
resulted in a profile of responding similar to that seen for operant
behavior during test sessions, where ethanol was delivered.

The present study provides new evidence for the contribution of
mu, delta, and kappa opioid receptors in ethanol-mediated operant
behavior by developing rats. Overall we are able to conclude that,
even though some particular aspects of each opioid sub-system
require further testing, a fully functional opioid system is needed to
promote ethanol reinforcement during the second postnatal week.
Disruption by either a nonselective (i.e., naloxone) or specific opi-
oid antagonist (mu, delta, kappa) or agonist (kappa) is sufficient
for substantial reduction in consummatory and seeking behaviors
associated with ethanol reinforcement.

As a whole, animal preclinical research brings information sup-
porting the notion that early ontogeny is a vulnerable window
in terms of increasing the likelihood of later risk of use and
abuse of the drug. Exposure to alcohol in the womb ranks among
the strongest predictors of alcohol consumption during adoles-
cence and early adulthood [1,2,83,84]. Animal models) [4,85] also
indicate heightened ethanol consumption following early pre- or



276 R.S. Miranda-Morales et al. / Behavioural Brain Research 234 (2012) 267-277

postnatal ethanol exposure. In this sense, and according with
Pautassi et al. [7], rat infancy is a developmental period of high
sensitivity to ethanol’s positive and negative reinforcing (anti-
anxiety) effects. Studies in this field provide substantial support
for this assertion and provide theoretical and methodological basis
for researchers interested in analyzing the neurobiology of condi-
tioned reinforcement and ethanol intake, as well as, increase the
body of knowledge in terms of human health and prevention on
these issues.
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