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Abstract
The opioid system modulates ethanol intake and reinforcement in adult and preweanling rodents.
While adult heterogeneous rats normally do not show ethanol-mediated locomotor stimulation,
preweanling rats show it quite clearly. We recently observed that naloxone, a non-specific opioid
antagonist, attenuated ethanol-induced locomotor activation in preweanling rats. In the present study
we tested the role of specific opioid receptors (mu, delta and kappa) in ethanol-mediated locomotor
stimulation and ethanol intake. In Experiment 1 13-day-old rats received naloxonazine (mu
antagonist: 0, 7.5 or 15 mg/kg), naltrindole (delta antagonist: 0, 2 or 4 mg/kg) or nor-binaltorphimine
(kappa antagonist: 0, 2, 4 or 8 mg/kg) before an intragastric administration of ethanol (0 or 2.5 g/
kg), and subsequent locomotor activity assessment. In Experiment 2, the same opioid antagonists
were administered on postnatal days 13 and 14 before consumption of ethanol (6%), saccharin
(0.05%) or distilled water. In Experiment 1 only naloxonazine reduced ethanol-mediated locomotor
stimulation. None of the opioid antagonists affected locomotor activity in water controls. In
Experiment 2 naloxonazine and naltrindole suppressed ingestion of all the solutions tested. Similar
to what has been reported in adult rodents, mu-opioid receptors seem to modulate ethanol-activating
effects during early ontogeny. Hence, there seems to be a partial overlap of neurochemical
mechanisms involved in the rewarding and stimulating effects of ethanol in preweanling rats. Mu
receptor antagonists reduced both ethanol-induced activity and ethanol intake, but it is unclear
whether the latter effect is specific to ethanol or only a reflection of an effect on consummatory
behavior generally, since mu and delta receptor antagonists also suppressed ingestion of water and
sacccharin.

Clinical and preclinical studies indicate that early prenatal or postnatal ethanol experience
predicts later responsiveness to the drug (for reviews, see Spear & Molina, 2005; Chotro, Arias
& Laviola, 2007). This association emphasizes the importance of understanding the
neurobiological mechanisms that regulate ethanol effects early in development, especially
considering the growing number of studies showing a particular sensitivity to ethanol’s
motivational and motor effects during the infantile period of the rat (see Chotro et al., 2007;
Spear & Molina, 2005). By the end of the gestational period (Chotro & Arias, 2003) or soon
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after birth (Nizhnikov, Varlinskaya, Petrov & Spear, 2006), rats are highly sensitive to the
reinforcing effects of ethanol. This sensitivity seems to extend to the first (Arias & Chotro,
2006) or second postnatal week of life (Molina, Pautassi, Truxell & Spear, 2007), during which
even relatively high ethanol doses (1–2.5 g/kg) can promote rapid appetitive learning. This
sensitivity to ethanol reinforcement is accompanied by a predisposition to consume relatively
high amounts of ethanol, with no initiation procedures required (Sanders & Spear, 2007). High
acceptance of ethanol early in ontogeny seems to be associated with the pharmacological
effects of ethanol rather than its orosensory properties (Kozlov, Varlinskaya & Spear, 2008;
Spear & Molina, 2005).

We have recently observed that preweanling rats are also sensitive to locomotor activating
effects of ethanol (Arias, Mlewski, Molina, & Spear, 2009a, 2009b; Arias, Molina, Mlewski,
Pautassi, & Spear, 2008; Arias, Mlewski, Miller, Molina & Spear, 2009). The stimulating effect
of ethanol is observed with relatively high ethanol doses (1.25 or 2.5 g/kg) during the rising
phase of the blood ethanol curve (Arias et al., 2008; Arias et al., 2009). When blood ethanol
concentration reaches peak values, ethanol suppresses locomotor activity (Arias et al., 2008).
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
(Molina et al., 2007), since both follow a similar time course. During the rising phase of the
blood ethanol curve 2 g/kg of ethanol induced appetitive learning, but the same dose induced
aversion learning when blood ethanol concentration reached peak values. Hence the
understanding of mechanisms regulating ethanol mediated locomotor stimulation in
preweanling rats may help to understand the neurobiological basis of ethanol-mediated
reinforcement.

Similar to adult rodents (Gianoulakis, 2004), ethanol reinforcement and acceptance in
preweanling rats seem to be regulated, at least partly, by the opioid system. For example, non-
specific opioid antagonists (such as naloxone or naltrexone) can prevent conditioned
preferences induced by ethanol during the last days of gestation (Arias & Chotro, 2005; Chotro
& Arias, 2003) or by the end of the first postnatal week (Chotro & Arias, 2007). In newborns
mu and kappa receptors modulate ethanol-mediated reinforcement (Nizhnikov et al., 2006).
Ethanol intake can also be reduced by non-specific or specific (mu or delta) opioid antagonists
during the preweanling period (Chotro & Arias, 2003; Hallmark & Hunt, 2004). In addition,
naloxone suppresses locomotor activating effects of ethanol in preweanling rats (Arias et al.,
2009b).

The present study focused on two main goals. First, we aimed to test the involvement of specific
opioid receptors (mu, kappa or delta) in ethanol-mediated locomotor stimulation in infant rats.
Recent findings from our laboratory showed that ethanol-induced conditioned place preference
in preweanling rats can be reduced by means of delta or mu antagonists (Nizhnikov, Pautassi,
Truxell & Spear, 2009). The present experiments may also help to determine the potential
relationship between the neurochemical mechanisms supporting ethanol-induced
reinforcement and locomotor stimulation in preweanling rats. In adult mice ethanol-mediated
locomotor activation seems to be mediated specifically by mu receptors (Pastor & Aragon,
2006; Pastor, Sanchis-Segura & Aragon, 2005). In infant rats naloxone reduced ethanol-
mediated stimulation (Arias et al., 2009b), but the participation of the primary subtypes of
opioid receptors in this particular effect has not been tested at this early stage of development.
Early in ontogeny mu, delta and kappa receptors follow different patterns of ontogenetic
development, but all are functional by the second postnatal week of life (Volterra, Brunello,
Restani, Galli & Racagni, 1986).

In the absence of ethanol, kappa opioid receptors seem to regulate particular behaviors in a
qualitatively different way during infancy and in adulthood. In adult rats U-50,488 (a specific
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kappa receptor agonist) attenuates locomotor activity (Ukai & Kameyama, 1985) but this same
kappa agonist markedly increases locomotor activity in infant rats (Duke, Meier, Bolanos,
Crawford & McDougall, 1997). In adult rats ethanol-induced locomotor activation has rarely
been reported, especially with high ethanol doses (Correa, Arizzi, Betz, Mingote & Salamone,
2003; Chuck, McLaughlin, Arizzi-LaFrance, Salamone & Correa, 2006), and yet WIN
44441-3, a kappa antagonist, potentiates ethanol’s activating effects at the adult stage of
development (Pohorecky, Patel & Roberts, 1989). Hence, it is plausible that the paradoxical
role of kappa receptors in infant rats in locomotor activity may help to explain why preweanling
rats, unlike adults, are highly sensitive to ethanol’s activating effects.

The second goal of the present study was to analyze the role of specific opioid receptors in
ethanol intake in preweanling rats. In adult rats ethanol intake can be suppressed by means of
non-specific (Cichelli & Lewis, 2002; Higley & Kiefer, 2006; Kiefer, Hill, Coonfield &
Ferraro, 2005; Sable, Bell, Rodd & McBride, 2006) or delta (Higley & Kiefer, 2006; Nielsen,
Simms, Pierson, Li, Saini, Ananthan & Bartlett, 2008) opioid receptor antagonists. However,
opioid antagonists also reduce adult ingestion of other solutions such as water, saccharin or
sucrose (Cichelli & Lewis, 2002). Non-specific opioid antagonists, as well as delta or mu
receptor antagonists, also reduce ethanol consumption in preweanling rats (Chotro & Arias,
2003; Hallmark & Hunt, 2004). The present study tested whether the specific opioid receptors
that regulate the reinforcing effects of ethanol in preweanling rats (Nizhnikov et al., 2009),
also affect regulation of their ethanol consumption. Ethanol intake is controlled by a variety
of factors (Samson & Czachowski, 2003), but the high intake of ethanol early in ontogeny
seems to be at least partially controlled by its pharmacological effects (Kozlov et al., 2008;
Spear & Molina, 2005). Additionally the present study was intended to determine whether the
specific opioid antagonists affect only the preweanling rat’s consumption of ethanol, or if, like
adults, they affect consummatory behavior more generally.

Material and Methods
Subjects

Five-hundred and forty two Sprague-Dawley pups, representative of 89 litters, were utilized
for in the present study (Experiment 1a, n= 92; Experiment 1b, n= 78; Experiment 1c, n= 127;
Experiment 2a, n= 78; Experiment 2b, n= 84; Experiment 2c, n= 84). Two-hundred and seventy
eight were males, while 264 were females. Animals were born and reared at the vivarium of
the Center for Developmental Psychobiology (Binghamton University, NY) under conditions
of constant room temperature (22 ± 1.0 °C), on a 12-hour light 12-hour dark cycle. Births were
examined daily and the day of parturition was considered as postnatal day 0 (PD0). All litters
were culled to 10 pups (5 females and 5 males, whenever possible) within 48 hours after birth.
All procedures were in accordance with the guidelines for animal care and use established by
the National Institute of Health (1986) and the Guide for Care and Use of Laboratory Animals
(1996) as indicated by the Binghamton University’s institutional animal care and use
committee.

Procedures
Experiment 1: locomotor activity test—On PD 12, the day before testing, pups were
separated from the mother and placed in pairs in a holding maternity cage (45 × 20 × 20 cm)
partially filled with clean wood shavings. The floor of the cage was maintained at 35° C (±1°
C) through the use of a heating pad. One hour later subjects were placed for 8 minutes in the
testing chamber to habituate them to the experimental procedure. In a recent study we showed
that longer preexposure to the testing environment may interfere with the expression of ethanol-
induced locomotor activation in preweanling rats (Arias, Mlewski, et al., 2009).
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On PD 13 subjects were separated from their mothers and kept under similar environmental
conditions as the day before. One hour later body weights were individually recorded (± 0.01
g) and pups received an intra peritoneal administration of a specific mu (naloxonazine: 0, 7.5
or 15 mg/kg, Experiment 1a), delta (naltrindole: 0, 2 or 4 mg/kg, Experiment 1b) or kappa (nor
-binaltorphimine: 0, 2, 4 or 8 mg/kg, Experiment 1c) antagonist. In all cases, volume injected
in each pup was 1.0% of their body weight. Vehicle for naltrindole and nor-binaltorphimine
was an isotonic saline solution, while Naloxonazine was dissolved in saline containing acetic
acid (0.2 %). Dosage of these opioid antagonists was selected on the basis of prior studies in
which these drugs were employed with results relevant to the goals of the present study. Similar
doses of naloxonazine were effective in reducing ethanol-mediated locomotor activation in
mice (Pastor et al., 2005). Naltrindole (between 1 and 5 mg/kg) has been found to reduce
ethanol-induced conditioned place preference (CPP) in preweanling rats (Nizhnikov et al.,
2009). Finally, nor-binaltorphimine (between 2 and 12 mg/kg) reduced locomotor stimulation
induced by kappa agonists in preweanling rats (Collins, Zavala, Nazarian & McDougall,
2000).

After receiving the injection, pups were placed again in pairs in the holding chambe r. Thirty
minutes after administration of the opioid antagonists pups received an intragastric (i.g.)
administration of 0 or 2.5 g/kg ethanol (volume administered was equivalent to 0.015 ml per
gram of body weight of a 21% ethanol solution). Pups assigned to the control condition (0 g/
kg) received only vehicle (water). Intragastric administrations were performed using a 10-cm
length of polyethylene tubing (PE-10Clay Adams, Parsippany, New Jersey) attached to a 1 ml
syringe with a 27 G × 1/2 needle. This tubing was gently introduced through the mouth and
slowly pushed into the stomach. The entire procedure took less than 20 seconds per pup. Five
minutes after ethanol administration locomotor activity was evaluated for 8 minutes.

The testing environment consisted in a Plexiglas open field (42 × 42 × 30 cms; VersaMax
Animal Activity Monitoring System, 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 box chambers (53 × 58 × 43 cms) 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. This dependent variable takes into account the
path the animal takes, and is an accurate indicator of ambulatory activity. Immediately after
the locomotor activity test pups were returned to their homecage.

Experiment 2: intake test—On PD 13 and 14 pups were separated from their mother and
placed in holding chambers, the same environmental conditions described in Experiment 1.
All pups were intraorally cannulated using a procedure described in previous studies (Chotro
& Arias, 2007; Hall & Rosenblatt, 1977). Cannulae were made from 5-cm sections of
polyethylene tubing (PE 10, i.d. = 0.28 mm) by heating one end of the section to form a small
flange. A thin wire attached to the non-flanged end of the cannula was placed on the internal
surface of the pup’s cheek and the wire was then pushed through the oral muccosae until the
flanged end of the cannula was positioned over the internal surface of the cheek while the
remainder of the cannula exits from the oral cavity. The entire procedure took less than 5 sec
per pup. These cannulae were later used to infuse the solutions during the intake test.

Three hours after cannulation, pups were quasi-randomly assigned (with the constraint that no
more than one pup of a given sex from the same litter be assigned to the same condition) to
the independent conditions defined by the solution infused (water, saccharin or ethanol) and
the drug administered (Experiment 2a: 0 or 7.5 mg/kg naloxonazine; Experiment 2b: 0 or 4
mg/kg naltrindole Experiment 2c: 0 or 4 mg/kg nor-binaltorphimine). Naloxonazine dose (7.5
mg/kg) was selected because it was effective in Experiment 1a in reducing ethanol-mediated
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locomotor activation. In addition, similar naloxonazine doses also have been found to reduce
ethanol-mediated locomotor stimulation and sensitization in adult rodents (Pastor et al.,
2005). Naltrindole (10 mg/kg) reduced ethanol intake in preweanling rats (Hallmark & Hunt,
2004), but lower doses (between 2 and 4 mg/kg) were enough to reduce ethanol-induced CPP
in preweanling rats (Niznikov et al., 2009). Similar nor-binaltorphimine doses modulate
behavior activation induced by kappa agonists in preweanling rats (Collins et al., 2000).

Thirty minutes after drug treatment, pups’ bladders were voided by gentle brushing of the
anogenital area. Body weights were then registered and subjects placed into heated individual
chambers, where they received the intraoral infusion of ethanol (6% v/v; Experiment 2a),
saccharin (0.05% w/v; Experiment 2b) or water (Experiment 2c). The intraoral administration
was performed using a 10-syringe infusion pump (KD Scientific) connected to the oral cannula
of each pup by a polyethylene catheter (Clay Adams, PE 50). The volume administered to each
subject was equivalent to 5.5% of their body weight and was infused at a constant rate for 15
min. With these parameters pups are able to either consume or reject the infused solution. At
the end of the session post-infusion weights were registered. Body weight gained after each
conditioning trial was calculated, and fluid intake was estimated through the percentage of
body weight gained during the test. Thirty minutes after the intake test all subjects were returned
to their maternity cages. The intake test (including the treatment with the opioid antagonists)
was conducted on two consecutive days because under similar experimental circumstances it
has been observed that two consecutive days of testing are sensitive to effects on ethanol intake
at this age (for example, Pueta, Abate, Spear & Molina, 2005, Arias & Chotro, 2006).

Number of subjects included in each experimental condition in Experiment 1 and 2 are
sumarized in Tables 1 and 2 respectively.

Data analysis—Data from Experiments 1a, 1b and 1c were analyzed by means of between-
factor ANOVAs, in which the factors were sex (male or female), ethanol treatment (0 or 2.5
g/kg) and opioid antagonist dosage (naloxonazine: 0, 7.5 or 15 mg/kg, for Experiment 1a;
naltrindole: 0, 2 or 4 mg/kg, for Experiment 1b; and nor-binaltorphimine: 0, 2, 4 or 8 mg/kg,
for Experiment 1c). The dependent variable was distance traveled in centimeters.

Intake scores (Experiment 2a, 2b and 2c) were analyzed by means of mixed ANOVAs,
including sex (male or female), solution (ethanol, saccharin or water) and opioid antagonist
(naloxonazine: 0 or 7.5mg/kg, for Experiment 2a; naltrindole: 0 or 4 mg/kg, for Experiment
2b; and nor-binaltorphimine: 0 or 4 mg/kg, for Experiment 2c). as between-group variables,
and day (PD 13 and PD 14) as a within-group variable. The dependent variable analyzed was
consumption of each solution (ethanol 6% v/v, saccharin 0.05 % w/v or water).

Significant main effects and/or interactions were further analyzed by means of follow-up
ANOVAs and post-hoc analysis (Newman-Keuls post-hoc tests). All inferential analyses
conducted in the present study employed an α level of 0.05.

Results
Experiment 1

Experiment 1a—Figure 1a depicts locomotor activity as a function of ethanol and
Naloxonazine treatments. The ANOVA indicated a significant main effect of ethanol treatment
[F(1,80) = 7.97, p < 0.01]. The interaction between ethanol treatment and naloxonazine also
reached statistical significance [F(2,80) = 3.56, p < 0.05]. Post-hoc analyses revealed that pups
from groups given ethanol and saline moved significantly more than their respective water-
control groups (group water and saline). Naloxonazine significantly attenuated this stimulatory
effect of ethanol. Subjects given ethanol and naloxonazine (7.5 or 15 mg/kg) did not differ
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from their respective water-control groups. In addition, preweanlings administered ethanol and
saline also moved more than those given ethanol and naloxonazine (7.5 or 15 mg/kg). Sex did
not exert a significant effect or interact with the remaining factors in this experiment.

Experiment 1b—In Experiment 1b, pups given ethanol locomoted over greater distance than
those given water. This ethanol-induced activity was not affected by the delta antagonist
naltrindole (Figure 1b). The ANOVA revealed only a significant main effect of ethanol
treatment [F(1,66) = 17.54, p < 0.005], indicating higher activity scores in pups given ethanol
than in those given water. No main effect or interactions involving gender were observed in
this experiment.

Experiment 1c—In Experiment 1c, ethanol also induced locomotor activation. This effect
seems not to be modulated by kappa receptors since nor-binaltorphimine didn’t modulate
locomotor stimulation induced by ethanol (Figure 1c). The ANOVA revealed only a significant
main effect of ethanol treatment [F(1,111) = 12.92, p < 0.005], indicating more locomotor
activity in subjects treated with ethanol than in water controls. Sex did not exert a significant
effect and did not interact with the remaining variables under analysis.

Experiment 2
Experiment 2a—Figure 2a depicts ethanol, saccharin and water consumption scores across
testing days as a function of naloxonazine treatment. The ANOVA revealed significant main
effects of naloxonazine [F(1,65) = 8.26, p < 0.005], solution [F(2,65) = 14.24, p < 0.001] and
day [F(1,65) = 12.65, p < 0.001]. According to the corresponding post-hoc analyses, subjects
consumed more saccharin than ethanol or water, and more ethanol than water. Regardless of
the solution infused, intake was higher during the first than the second testing day. Finally,
naloxonazine significantly reduced consumption overall. Sex did not exert a significant main
effect or enter into any interactions.

Experiment 2b—Figure 2b represents ethanol, saccharin and water intake on PD13 and PD14
as a function of naltrindole administration. The ANOVA revealed significant effects of these
main factors: sex [F(1,72) = 6.78, p < 0.05], with males drinking less than females; naltrindole
[F(1,111) = 12.92, p < 0.005], indicating that the delta receptor antagonist suppressed intake
regardless the solution (no significant interaction between drug and solution); and solution [F
(1,72) = 5.94, p < 0.005]. The interaction between solution and day also reached statistical
significance [F(1,111) = 12.92, p < 0.005]. Post-hoc analyses indicated that on PD13 pups
consumed less water than ethanol or saccharin. On PD 14, saccharin intake was significantly
higher than water or ethanol consumption.

Experiment 2c—The overall ANOVA indicated only a significant main effect of solution
[F(2,77) = 8.22, p < 0.005]. The corresponding post-hoc analyses revealed that ethanol and
saccharin consumption were higher than that of water. In Figure 2c it seems that subjects given
nor-binaltorphimine ingested more saccharin than those given saline, an effect that was not
observed in the remaining solutions, yet the interaction between nor-binaltorphimine and
solution did not quite attain significance [F(2,77) = 2.79, p = 0.06]. No gender effect or
interactions involving this factor were observed in the present experiment.

Conclusion
According to the present study, ethanol-mediated locomotor stimulation in infant rats seems
to be mediated by mu-opioid receptors: naloxonazine, an antagonist specific to these receptors,
reduced the stimulating effects of ethanol (Experiment 1a). Kappa and Delta receptor
antagonists (nor-binaltorphimine and naltrindole, respectively) seem not to participate in this
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ethanol effect (Experiment 1b and 1c). In Experiment 2 we showed that both mu and delta
receptors reduced consumption of ethanol. These opioid antagonists also suppressed intake of
a sweet solution (saccharin) and water (Experiments 2a and 2b). The Kappa antagonist nor-
binaltorphimine did not affect ethanol intake (Experiment 1c).

Ethanol-mediated locomotor activation seems to be partially mediated by a mechanism
involving the ventral tegmental area (VTA). According to this hypothesis, ethanol-induced
dopamine release is partially modulated by mu opioid and GABA B receptors at the VTA
(Boehm, Piercy, Bergstrom & Phillips, 2002; Gianoulakis, 2004). The GABAergic neurons in
the VTA are under tonic opioidergic inhibition (Gianoulakis, 2004). When B-endorphin is
released by ethanol and stimulates mu receptors, the result is inhibition of these GABA neurons
and consequential increase in dopaminergic activity (Gianoulakis, 2004). This hypothesis is
supported by pharmacological studies. Non-specific opioid antagonists (Pastor et al., 2005),
mu antagonists (Pastor et al., 2005) or GABA B agonists (Chester & Cunningham, 1999) reduce
ethanol-mediated locomotor activation in mice. Baclofen (a GABA B receptor agonist) also
reduces ethanol-mediated locomotor stimulation in adult rats genetically selected for increased
ethanol consumption (Quintanilla, Perez & Tampier, 2008) or in infant heterogeneous rats
(Arias et al., 2009b). Naloxone also attenuates the stimulating effects induced by ethanol in
preweanling rats (Arias et al., 2009b). The present study provides new evidence for a specific
contribution of mu-opioid receptors in ethanol-mediated locomotor stimulation in the
preweanling rat.

In Experiment 1b naltrindole did not attenuate ethanol-mediated locomotor activation in infant
rats. This suggests that delta opioid receptors may not be involved in the present case of ethanol-
induced activation. It is possible that larger naltrindole doses would exert an effect upon
ethanol-mediated stimulation. But at least we can conclude that within the range of naltrindole
doses that are effective in reducing CPP mediated by ethanol (Nizhnikov et al., 2009) or in
reducing ethanol consumption (Experiment 2b) at the present preweanling age, this delta-
receptor antagonist did not reduce ethanol-mediated locomotor activation. Results from
Experiment 1b are also in accordance with studies conducted with alternative animal models.
For example, naltrindole failed to suppress ethanol-mediated locomotor stimulation in mice
(Pastor et al., 2005), although it can modulate CPP induced by ethanol (e.g. Matsuzawa, Suzuki,
Misawa & Nagase, 1998).

In preweanling rats kappa opioid receptors regulate motor activity in a qualitatively different
way than in adults. In preweanling rats kappa agonists stimulate locomotion (Duke et al.,
1997), while in adults, kappa agonists induce motor suppression (Ukai & Kameyama, 1985).
In adults, administration of kappa agonists reduces ethanol-induced dopamine release and
generates aversive states (Gianoulakis, 2004). In contrast, kappa antagonists have been
reported to potentiate ethanol’s activating effects in adults (Pohorecky et al., 1989). In the
present study we tested whether ethanol-mediated stimulation in preweanling rats was
mediated by kappa receptors, but an antagonist for these receptors, nor-binaltorphimine
(Experiment 1c), failed to reduce ethanol-mediated stimulation. Hence, it seems that activation
of Kappa opioid receptors is not necessary for ethanol’s stimulating effects in rats near athe
end of their second postnatal week. This conclusion has to be carefully considered since it has
been reported that in adult rats, nor-binaltorphimine is not selective for kappa antagonism over
mu opioid antagonism for 24 hours or more after administration (Metcalf & Coop, 2005),
although some studies have shown selective effects on kappa receptors within an hour of the
antagonist’s administration in newborn (Petrov, Varlinskaya & Smotherman, 2000) or adult
animals (Campbell, Taylor & Tizabi, 2007). The lack of effect of the kappa antagonists on
locomotion and intake tests in the present study may be due to the fact that nor-binaltorphimine
was administered 30 minutes before testing, a postadministration time that might be too soon
after administration for an effect upon mu and kappa receptors. We predicted that blocking
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kappa receptors would increase ethanol intake, while blocking mu receptors would reduce
ethanol intake. If the kappa antagonist was indeed nonselective, because the test was given too
soon after its administration, it would not be surprising to find no change in intake scores. In
Experiment 1a ethanol-induced stimulation was reduced by naloxonazine. If nor-
binaltorphimine in Experiment 1c were acting upon mu and kappa receptors, this kappa
receptor antagonist could be expected to enhance ethanol-mediated locomotor activation in
preweanling rats, similar to what has been observed in adult rodents (Pohorecky et al., 1989).
The lack of effect of nor-binaltorphimine may be due to competing antagonism action of kappa
receptors and mu receptors. But at least we can conclude that the stimulating effect of relatively
high ethanol doses, consistently observed in preweanling rats although rarely seen in adults,
is not due to the paradoxical role that kappa receptors play in locomotor activity during infancy
(Duke et al., 1997).

In Experiments 2a and 2b the mu antagonist Naloxonazine and the delta antagonist Naltrindole
attenuated ethanol intake in preweanling rats. Yet this effect was not specific to ethanol, since
these antagonists also reduced saccharin and water consumption. Hence, we can not conclude
that these opioid antagonists reduced ethanol intake by blocking ethanol’s rewarding effects.
Similar to what has been observed in studies conducted with adult rats, the opioid antagonists
seemed to interfere with consummatory behavior in general (Cichelli & Lewis, 2002), likely
by reducing motivation to consume or palatability. The opioid system seems to modulate the
hedonic value of natural sensory pleasures as well as rewarding drugs (Pecina & Berridge,
2005; Pecina, Smith & Berridge, 2006). Particularly, mu receptors in nucleus accumbens and
ventral pallidum participate in the incentive motivation of various rewards, such as food or
drugs of abuse (Kelley, Bakshi, Haber, Steininger, Will & Zhang, 2002; Pecina et al., 2006;
Smith & Berridge, 2007).

The present results are consistent with those of studies conducted with adult rodents. For
example, it has been reported that mu-receptor antagonists reduce ingestion of ethanol, sucrose
or laboratory chow in adult rats (Leventhal, Kirkham, Cole & Bodnar, 1995; Mhatre &
Holloway, 2003; Stromberg, Casale, Volpicelli, Volpicelli & O’Brien, 1998). Other authors
found that Naloxone (1 mg/kg), at doses more specific for mu than other opioid receptors
(Takemori & Portoghese, 1984), suppresses water, saccharin and ethanol intake in adult rats
(Cichelli & Lewis, 2002). Similarly, delta receptors seem to regulate ingestion of saccharin
(Beczkowska, Bowen, & Bodnar, 1992; Beczkowska, Koch, Bostock, Leibowitz, & Bodnar,
1993) and of ethanol (Higley & Kiefer, 2006; Hyytia & Kiianmaa, 2001; Nielsen et al.,
2008). Our study extends these observations to the infant rat, showing that opioid mechanisms
acting in adult rats to regulate consummatory responses are already present and functional early
in ontogeny. Previous findings showing that antagonists of mu or delta receptors reduced
ethanol intake in preweanling rats (Hallmark & Hunt, 2004) may be explained by an effect of
these opioid antagonists on consummatory behavior generally rather than by blocking specific
rewarding effects of ethanol.

The kappa antagonist (nor-binaltorphimine) did not affect intake of ethanol or the other
solutions. In adult rats, blocking the kappa opioid system increases ethanol consumption
(Mitchell, Liang & Fields, 2005), while kappa receptor agonists suppress ethanol intake
(Lindholm, Werme, Brene & Franck, 2001). It can be argued that higher Nor-binaltorphimine
doses may result in changes in ethanol acceptance in preweanling rats. However, such higher
doses (e.g., 10 mg/kg nor-binaltorphimine) did not affect ethanol intake in 16-day-old rats
(Hallmark & Hunt, 2004). Surprisingly we found that nor-binaltorphimine tended to increase
saccharin intake, an unexpected result considering that kappa receptor antagonists have been
found to reduce intake of sucrose (Beczkowska et al., 1992; Leventhal et al., 1995) or saccharin
(Calcagnetti, Calcagnetti & Fanselow, 1990) in adult rats. Because kappa receptors can
modulate some behavioral responses in a qualitatively different way in preweanling rats than
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in adults, further studies are required to understand the role of kappa receptors in the acceptance
of palatable sweet solutions during early ontogeny.

In summary, in rats during their second postnatal week locomotor activation induced by ethanol
seems to be specifically modulated by mu opioid receptors. Recent evidence from our
laboratory has indicated that mu as well as delta opioid receptors are also implicated in ethanol-
mediated CPP at about the same age (Nizhnikov et al. 2009). Hence, it seems that there is a
partial overlap of neurochemical mechanisms involved in the rewarding and stimulating effects
of ethanol in preweanling rats. Finally, delta and mu receptors regulate ethanol intake, but also
help regulate consummatory behavior in general during the preweanling period, since mu and
delta receptor antagonists also suppressed acceptance of water and saccharin.
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Figure 1.
Locomotor activity in preweanling rats as a function of ethanol (0 or 2.5 g/kg) and naloxonazine
(0, 7.5 or 15 mg/kg, Figure 1a), naltrindole (0, 2 or 4 mg/kg, Figure 1b) or nor-binaltorphimine
(0, 2, 4 or 8 mg/kg, Figure 1c) treatments. Vertical lines illustrate standard errors of the means.
* Significant difference between ethanol treated group and the corresponding water control. #
Significant difference between ethanol- vehicle treated group and ethanol-Naloxonazine
treated group.
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Figure 2.
Water, saccharin or ethanol intake on postnatal days 13 and 14 as a function of ethanol
naloxonazine (0 or 7.5 mg/kg, Figure 2a), naltrindole (0 or 4 mg/kg, Figure 2b) or nor-
binaltorphimine (0 or 4 mg/kg, Figure 2c) treatments. Vertical lines illustrate standard errors
of the means. In Experiment 2a naloxonazine significantly reduced consumption overall (water,
saccharin and ethanol). In Experiment 2b naltrindole suppressed intake regardless the solution.
In Experiment 3 no significant effects of nor-binaltorphimine were detected.
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Table 1

Number of subjects included in each experimental condition in Experiment 1a, 1b and 1c as a function of the
different opioid antagonist treatments and ethanol administration (0 or 2.5 g/kg).

Opioid antagonist treatment
Intragastric Water
(0 g/kg)

Intragastric
Ethanol (2.5 g/kg)

Exp 1a

Naloxonazine 0 mg/kg 16 (9 male, 7 female) 15 (8 male, 7 females)

Naloxonazine 7.5 mg/kg 16 (8 male, 8 female) 15 (8 male, 7 females)

Naloxonazine 15 mg/kg 15 (9 male, 6 female) 15 (7 male, 8 females)

Exp 1b

Naltrindole 0 mg/kg 13 (9 male, 4 female) 13 (6 male, 7 female)

Naltrindole 2 mg/kg 12 (5 male, 7 female) 14 (8 male, 6 female)

Naltrindole 4 mg/kg 13 (7 male, 6 female) 13 (6 male, 7 female)

Exp 1c

Nor-binaltorphimine 0 mg/kg 16 (9 male, 7 female) 16 (5 male, 11
female)

Nor-binaltorphimine 2 mg/kg 16 (10 male, 6
female)

16 (8 male, 8 female)

Nor-binaltorphimine 4 mg/kg 15 (11 male, 4
female)

16 (4 male, 12
female)

Nor-binaltorphimine 8 mg/kg 16 (9 male, 7 female) 16 (7 male, 9 females)
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Table 2

Number of subjects included in each experimental condition in Experiment 2a, 2b and 2c as a function of the
different opioid antagonist treatments and ethanol administration (0 or 2.5 g/kg).

Solution Water Saccharine Ethanol

Exp 2a

Naloxonazine 0 mg/kg 14 (7 male, 7
female)

12 (6 male, 6
females)

13 (8 male, 5
female)

Naloxonazine 7.5 mg/kg 12 (5 male, 7
female)

14 (6 male, 8
females)

13 (7 male, 6
female)

Exp 2b

Naltrindole 0 mg/kg 14 (7 male, 7
female)

14 (7 male, 7
female)

14 (7 male, 7
female)

Naltrindole 4 mg/kg 14 (7 male, 7
female)

14 (7 male, 7
female)

14 (7 male, 7
female)

Exp 2c

Nor- binaltorphimine 0 mg/kg 14 (7 male, 7
female)

14 (6 male, 8
female)

14 (7 male, 7
female)

Nor- binaltorphimine 4 mg/kg 14 (8 male, 6
female)

14 (7 male, 7
female)

14 (7 male, 7
female)
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