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the infant rat has high affinity for ethanol ingestion and marked sensitivity to the
drug's reinforcing effects [Spear, N.E., Molina, J.C. Fetal or infantile exposure to ethanol promotes ethanol
ingestion in adolescence and adulthood: a theoretical review. Alcohol Clin Exp Res 2005; 29: 909–29.]. A
novel operant technique was developed to analyze reinforcing effects of ethanol delivery during the third
postnatal week. The impact of this ethanol-reinforcement experience upon subsequent ethanol consumption
during adolescence (postnatal weeks 5–6) was also examined. In Experiment 1, pups (postnatal days 14–17)
were given an explicit contingency between nose-poking behavior and intraoral delivery of either water or
3.75% v/v ethanol (paired groups). Yoked controls (pups receiving either reinforcer independently of their
behavior) were also included. Paired subjects reinforced with ethanol exhibited rapid and robust operant
conditioning leading to blood ethanol concentrations in the 25–48 mg% range. In Experiment 2, a higher
ethanol concentration (7.5% v/v) provided significant reinforcement. During adolescence, animals originally
reinforced with 3.75% v/v ethanol exhibited greater ingestion of ethanol than control animals without prior
ethanol reinforcement. These results indicate that, without extensive initiation to ethanol, infant rats rapidly
learn to gain access to ethanol and that this experience has a significant impact upon later ethanol intake
patterns.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction
Early ethanol exposure markedly determines or modulates sub-
sequent ethanol seeking and consumption patterns as demonstrated
in both preclinical and epidemiological research (for recent reviews
see Chotro et al., 2007; Molina et al., 2007a; Spear and Molina, 2005).
The developing organism becomes rapidly familiarized with ethanol's
chemosensory properties and easily acquires and retains information
associated with the drug's postabsorptive consequences.

Ethanol generally can exert positive, negative (anti-anxiety) or
aversive effects when employed as an unconditional stimulus (US) in
associative learning studies (Cunningham et al., 2000; Pautassi et al.,
2007). The expression of these hedonic outcomes is regulated by
several factors, including dose, postadministration time and char-
acteristics of the evaluation procedure. Often overlooked, the method
of ethanol delivery also can determine the motivational consequences
of ethanol. Ciccocioppo et al. (1999a) found that intragastric (i.g.)
ethanol administered through a surgically implanted catheter sig-
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nificantly increased time spent in an originally non-preferred context
in genetically selected (Marchigian Sardinian) alcohol-preferring rats.
On the other hand, no effect was found following conventional i.g.
gavage or intraperitoneal (i.p.) administrations of ethanol. Method of
drug administration also affects expression of ethanol-mediated
conditioned taste aversions (Ciccocioppo et al., 1999b).

The pattern of ethanol consumption observed in humans is better
modeled by using the intraoral (i.o.) route of administration than by i.g.
or i.p. methods. Yet, the development of animal models showing
substantial self-administration of i.o ethanol has proven difficult
(Samson et al., 1988). Oral self-administration is regulated by several
interacting factors including responsiveness to the sensory properties
of the drug (taste, odor and trigeminal stimulation; Bachmanov et al.,
2003), sensitivity to its pharmacological consequences and nature of
previous experiences with ethanol (Samson and Czachowski, 2003).
Palatability plays a key role in initial acceptance or rejection processes
(Kiefer and Dopp, 1989). Converging evidence indicates that both
infant and adult rats assess the flavor of ethanol as aversive. For
instance, naive rats exhibit substantial orofacial aversion reactions
when intraorally stimulated with 10% v/v ethanol. These responses are
markedly attenuated when organisms are repeatedly stimulated with
i.o ethanol (Kiefer et al., 2005). Furthermore, heterogeneous, non-
selected adolescent and adult rats are highly reluctant to consume
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ethanol when using one or two-bottle choice tests, particularly when
ethanol concentrations are higher than 6% v/v (Kiefer et al., 1987;
Pepino et al., 2004; Ponce et al., 2004). Infant rats also avoid a tactile
conditioned stimulus previously pairedwith intraoral ethanol infusion
(Pautassi et al., 2008a).

The perceived aversiveness of ethanol taste limits use of intraoral
ethanol as a reinforcer in operant conditioning procedures (Meisch
and Thompson, 1974). In an operant conditioning procedure a given
reinforcer, such as access to intraoral ethanol, is made contingent
upon the execution of a target behavior. To overcome ethanol's taste-
related limitations, initiation techniques have been developed. In the
sucrose-fading procedure (Samson, 1986) non-deprived animals are
initially trained to lever-press in order to obtain 20% v/v sucrose. In
subsequent training trials, ethanol is gradually added to the sweet
solution while sucrose concentration is progressively decreased. After
substantial training, rats show significant operant responding even for
highly concentrated ethanol (e.g., 40% v/v). Operant self-administra-
tion of ethanol also increases following ethanol pre-exposure.
Recently, passive pre-exposure to ethanol's postabsorptive effects
has been found to be associated with later self-administration of high
ethanol doses (4–7 g/kg/day; Fidler et al., 2006). In this study, rats
were allowed to self-administer the drug intragastrically by means of
permanent implanted catheters. The results of Fidler et al. (2006) not
only indicate that postingestive effects of ethanol are capable of
supporting substantial operant ethanol-related responding. They also
suggest that ethanol-mediated operant learning is more likely to
emerge when the experimental procedures minimize direct exposure
to ethanol's chemosensory cues and are conducted with subjects
which, due to prior experiences with ethanol, are likely to show
tolerance to the drug's aversive unconditioned effects (also see,
Bienkowski et al., 1995; Reid et al., 1985).

Motivational properties of ethanol are easily detected in infant rats
tested in Pavlovian learning paradigms. Fifteen-day-old pups rapidly
acquire a conditioned taste aversionwhen saccharin is paired with i.g.
ethanol (2.5 g/kg; Pautassi et al., 2002). Infants are also sensitive to
ethanol's appetitive properties, as demonstrated through the use of
second-order conditioning techniques. Specifically, preweanlings
express a conditioned preference to a tactile cue paired with
intermittent intraoral infusions of sucrose or water, provided that
the infusion had been paired with low-to-moderate ethanol doses
(Molina et al., 2006, 2007b). Yet, positive reinforcing properties of the
drug are not easily detected during early ontogeny in terms of operant
conditioning. Among other factors, implementation of operant
conditioning has proven troublesome due to the restricted behavioral
repertoire of the infant rat and the lengthy training procedures often
needed to shape and maintain operant responding. Moreover, it is
likely that the aversiveness of the sensory attributes of ethanol
compete with the drug's reinforcing effects (Pautassi et al., 2008a).
Domínguez et al. (1993) observed that 3–4, 9–10 and 15–16 day old
pups readily learn to manipulate a lever that provided intraoral milk
infusion, but this was less effective when the milk was supplemented
with 6% v/v ethanol.

We have recently tried to assess ethanol's motivational effects by
means of an operant task in which ethanol is self-administered by
touching a sensor located in the floor of the experimental chamber
(Pautassi et al., 2008b). Daily training sessions were executed in two-
week old rats given 3 or 5% v/v ethanol as a reinforcer. Relative to yoked
controls, paired animals exhibited lesser probability of responding.
Paired subjects also showed a progressive decrease in ethanol self-
administration across training trials. Operant responding apparently
was associated with aversive orosensory features of the drug.

In the present study we examined operant responding for i.o.
ethanol in infant rats and tested the effect of this experience on
ethanol intake during adolescence. Previous studies indicate that
ethanol intake in adolescent and young adult rats is increased by
ingestive experience with ethanol during infancy (Pepino et al., 2004;
Ponce et al., 2004). In addition, exposure to ethanol's olfactory cues
during lactation seems sufficient to increase subsequent affinity for
ethanol odor and ingestion (Bannoura et al., 1998; Molina et al., 1986).

The present study employed a novel operant preparation, different
from that used by Domínguez et al. (1993) or Pautassi et al. (2008b). In
the latter study, infants self-administered small volumesof ethanol (5 µl)
by contacting a sensor located in the floor of the experimental chamber.
In the present study, ethanol self-administration requires a discrete and
distinctive target response: nose-poking. Each reinforced response
results in the intraoral delivery of 25 μl of ethanol. When not under the
control of operant contingencies, the probability of nose-poke is very
lowand stable. This preparation involves a behavior present throughout
most of the ontogeny of the rat and, hence, more amenable to
longitudinal studies than the more traditional lever-pressing models.
In Experiment 1we askedwhether preweanling pupswould be capable
of acquiringoperant responding supportedby intraoral ethanol delivery.
A second goal of this experiment was to assess if this learning is
facilitated by prior brief experiences with ethanol's sensory and
postabsorptive attributes. Blood ethanol concentrations following drug
pre-exposure (postnatal day 13, PD 13) or at termination of operant
training procedures (PD 17) were also determined. Experiment 2
investigated long-term effects of infantile operant conditioning with
ethanol upon adolescent ethanol consumption.

2. General methods

2.1. Subjects

All subjects (Wistar-derived rats) employed in the present study
were derived from litters born and raised at the vivarium of the
Instituto de Investigación Médica M. y M. Ferreyra (INIMEC-CONICET,
Córdoba, Argentina). The vivarium has controlled conditions of
temperature and artificial light. A 12-h light–dark cyclewas employed.
Births were daily recorded and day of parturition was considered as
postnatal day 0 (PD 0). Pups were housed with the dam in maternity
cages with free access towater and lab chow (Cargill, Pilar, Argentina).
Both experimental and maintenance procedures followed the Guide
for Care and Use of Laboratory Animals (Institute of Laboratory Animal
Resources, 1996) and were approved by the Animal Care and use
Committee at INIMEC-CONICET. Across experiments and to eliminate
confounding of litter with treatment effects, 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.

2.2. Cannulation procedures

Across experiments, intraoral infusion was conducted by means of
polyethylene tubing cannulae positioned in the pup's cheek. These
devices were employed during pre-exposure (PD 13) and operant
training procedures (PDs 14–17). Intraoral cheek cannulation is
minimally stressful in preweanlings (Spear et al., 1989) and has been
shown to be a useful tool for the assessment of innate and learned
patterns of responsiveness to tastants (e.g. Arias and Chotro, 2005;
Pautassi et al., 2002). These cannulae were made from 6-cm sections of
PE 10 polyethylene tubing (Clay-Adams, Parsippany, NJ). A small flange
was created in oneendof thesedevices. Theunflanged endwas attached
to a curved 27-G 1/2 precision glide. The needle was pulled through
the medial internal surface of the cheek of the subject. Consequently,
the flanged end of the cannulae rested over the oral mucosae while the
remainderexited fromthemouth.Whennot in use, the remainderof the
cannula was secured by means of a small cap made of PE 50 tubing.

2.3. Infantile pre-exposure procedures (PD 13)

Pups were removed from the maternal cage and placed in pairs in
holding cages lined with clean pine shavings. These cages were kept
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warm (32–34 °C) through the use of heating pads. All pups were
immediately implanted with an intraoral polyethylene cannula, as
described in Section 2.2. One hour after cannulation, pups' bladders
were voided by gently stroking the anogenital areas with cotton
swabs. Animals were weighed to the nearest 0.01 g and randomly
assigned to a pre-exposure group according to the experimental
design of each experiment. Pups were then placed into individual
boxes fitted with a cotton floor (15×7×14 cm). In these chambers
animals received either intraoral infusions of ethanol (7.5% v/v,
volume of each pulse: 25 µl; rate of delivery: 3 s on −57 s off) or
vehicle (distilled water). These solutions were delivered via an
infusion pump (Manostat Cassette R Pump, N.Y) connected to the
subject's intraoral cannula. Two 15-min sessions were conducted.
Hence, total amount of ethanol delivered throughout this stage was
750 µl. The interval between sessions was 30 min. Cannulae were
removed following pre-exposure and pups were returned to the
holding chambers where they remained for 120 min before being
returned to their maternal chambers. This time interval was meant to
allow for clearance of the drug before being reunited with the dam.
Taking into account the mean weight of infants at this particular age,
overall liquid infused, ethanol concentration and the drug's specific
weight, the overall amount of intraoral absolute ethanol available was
1.98 g/kg.

2.4. Infantile operant training procedure (PDs 14 to 17)

Custom-made operant chambers (20×20×20 cm) constructed
with black Plexiglas were employed. The chambers were also
equipped with black Plexiglas floors. One of the lateral walls in
these chambers had a hole in it (diameter: 1 cm, distance between the
center of the circumference and the floor: 1.5 cm; distance from the
adjacent wall: 0.8 cm). A single channel chargetransfer touch and
proximity sensor chip (Model E11× Evaluation Board; Quantum
Research Group, Pittsburgh, PA) was located 1.5 cm away from the
hole. The target behavior under training was nose-poke. Specifically,
when the nose of a paired subject was proximal to the sensor chip
(b0.5 cm), an acoustic signal went off and a cassette infusion pump
(Manostat Cassette R Pump, N.Y) was activated. This pump delivered
the corresponding intraoral reinforcer to the paired animal as well as
the yoked control.

On each training day pups were removed from their maternal
cages. Two animals of the same litter, sex and pre-exposure treatment
were placed in holding chambers kept warm (32–34 °C) by means of
heating pads. Eight hours later, they were intraorally cannulated as
described in Section 2.2. Operant training took place 4 h after
cannulation. First, the anogenital region of the preweanlingwas gently
stroked with a cotton swab in order to stimulate defecation and void
the subject's bladders. Animal's weights were then registered to the
nearest 0.01 g (Ohaus dial-o-gram balance, Florham Park, NJ). Training
began by individually placing a Paired and its corresponding Yoked
control (P and Y, respectively) into the operant chambers. Duration of
each training session was 20 min. In paired (P) pups, each nose-poke
was reinforced with an intraoral infusion of a given reinforcer
(volume: 25 µl, pulse duration: 1.5 s). Hence, the schedule of
reinforcement can be described as a fixed ratio 1. Yoked controls (Y
Group) received the infusion each time the paired animal did. In other
words, Y controls received equivalent reinforcement as did P pups but
had no control over the contingency between target operant behavior
and liquid intraoral infusion. No attempt was made to shape the
behavior of the animals. During each session, nose-poking frequency
and latency to perform the first nose-pokewere registered in real time
by trained experimenters. A similar operant procedure has been
previously conducted in our laboratory using sucrose as a reinforcer
(6% w/v). Intraoral sucrose induced a progressive increase in nose-
poking behavior in P animals. Yoked pups maintained a relatively low
responding rate across training sessions (Ponce et al., 2006).
2.5. Determination of blood ethanol concentration

Heparinized-sterilized syringes were used to collect the infantile
blood samples. The procedure employed for blood collectionwas similar
to that described in Pautassi et al. (2005) and Peana et al. (2007). Briefly,
blood was collected from the right atrium in a procedure that took less
than 5 s, followed by immediate sacrifice of the animals bymeans of CO2

inhalation. Blood samples were fractionated to obtain two 100 µl
samples, which in turn were placed in microvials containing 50 µl of a
butanol solution (51 mg%). Butanol served as an internal standard.
Microvials were hermetically sealed and incubated in a water bath at
60 °C for 30 min. The volatile component of the samples was collected
using gas-tight syringes (Hamilton, 10 ml) and injected into a gas
chromatograph (Hewlett-Packard, Model 5890). Temperatures for the
column (Carbowax 20 M; 10 m×0.53 mm×1.33 mm film thickness),
injector and detector were 60, 150, and 250 °C, respectively. Nitrogen
wasemployed as the carrier gas (flow rate: 15ml/min). All blood ethanol
concentration (BECs) valueswere expressed asmilligrams of ethanol per
deciliter of body fluid (mg/dl).

2.6. Ethanol intake test during adolescence (PDs 33–36)

Subjects were weaned on PD 21 and housed in standard maternity
cages (four rats of the same litter) until initiation of voluntary
consumption tests (PD 33). Intake tests (2 h each) took place in
standard individualwiremesh cages equippedwith spring clamps that
supported two graduated glass intake tubes (volume capacity: 25 ml;
graduation: 0.1 ml) equipped with rubber stoppers. Testing was
conducted during four consecutive days. Each intake session was
preceded by 22 h of liquid deprivation. During tests (PDs 33–36),
adolescents had simultaneous availability of tap water and a given
ethanol solution. On the first testing day, a 3% v/v ethanol solutionwas
available. This solution was increased by 1% v/v of ethanol concentra-
tion per day until reaching 6% v/v ethanol. The animals were returned
to their standard maternity cages following each daily intake test. This
is a standardized ethanol intake protocol that has proven sensitive to
effects of several treatments upon ethanol consumption, including the
effects of early exposure to ethanol during nursing (Ponce et al., 2004;
Pepino et al., 2004). Under the effects of liquid deprivation adolescents
are observed to readily ingest ethanol or water. In the case of ethanol
ingestion, the deprivation schedule seems to favor rapid absorption
and distribution of the drug and hence rapid perception of its
postabsorptive effects (Molina et al., 1986; Ponce et al., 2004; Pepino
et al., 2004). The rationale for employing ethanol concentrations up to
6% v/v is that preliminary studies conducted in Wistar rats as well as a
recent study conducted with Long–Evans hooded rats (Youngentob
et al., 2007) indicate that these animals drink very little ethanol when
having access to 7% v/v or higher ethanol concentrations (also see
Ponce et al., 2004; Pepino et al., 2004). To avoid place-preference
effects, the position of the water and ethanol tubes was systematically
varied across sessions. The main dependent variables under analysis
were liquid ingestion (ml per 100 g of bodyweight) and ethanol intake
scores in terms of grams of absolute ethanol per kilogram of body
weight. An ethanol preference ratio [(consumption of ethanol/overall
liquid ingestion)×100] as well as maximum ethanol intake in a given
day were also calculated. Maximum ethanol intake scores were
obtained as follows. Each animal was given a single score indicating
the highest level of ethanol consumption (g/kg) achieved across testing
days. That is, this score is the highest of the 4 daily intake values
registered in PDs 33, 34, 35 and 36. For example, an animal that
consumed 0.33, 0.40, 1.20 and 0.23 g/kg across testing days would be
given a score of 1.20 in terms of maximum amount of absolute ethanol
intake. In previous reports, we found this index quite sensitive for
detecting changes in ethanol intake as a function of several environ-
mental variables, including previous exposure to ethanol or stressors
such as shock (Ponce et al., 2004).
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3. Experiment 1

The goal of the present experiment was to assess whether infants
would learn to perform a low-probability target behavior (nose-poke) to
gain access to intraoral ethanol. As mentioned, ethanol's chemosensory
attributes have seemed to act as a barrier that competes with the drug's
Fig. 1. A) Mean number of nose-pokes as a function of pre-exposure treatment (Water or Etha
and intraoral reinforcement delivery (Paired or Yoked) and training day (Postnatal days
contingency, nature of the reinforcer and training day. In both figures vertical lines represe
motivational effects. Hence, in this experiment we exposed infants to
intraoral ethanol administration prior to operant training. This strategy
has proven to be successful for reducing aversive taste reactivity induced
by ethanol intraoral stimulation (Kiefer et al., 2005) aswell as detection of
ethanol's positive reinforcing effects (Pautassi et al., 2008a). Preliminary
research (Ponce et al., 2006) was conducted to determine ethanol
nol), reinforcer (Water or 3.75% v/v Ethanol), contingency between behavioral emission
14–17, PD 14–17). B) The illustration depicts the significant interaction comprising

nt standard errors of the mean.



Fig. 2. Latency to perform the first nose-poke behavior (s) as a function of contingency
(Paired or Yoked) and training day (PDs 14–17). To facilitate data visualization, data has
been collapsed across the nature of the reinforcer (Water or 3.75% v/v EtOH). The latter
factor did not affect latencies nor significantly interacted with the remaining factors.
Vertical lines represent standard errors of the mean.
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concentrations that could serve to reinforce operant conditioning as well
as to effectively reduce chemosensory aversiveness through prior passive
exposure to ethanol. In these studies, a relatively low ethanol concentra-
tion (3–5% v/v) promoted ethanol self-administration, a phenomenon also
observed in studies conductedwith neonatal rats (Bordner et al., 2008). It
also appeared that prior exposure to an ethanol concentration (7–10% v/v)
higher than that employed during operant conditioning facilitated
responding during this learning phase. Taking these observations into
account, pups were pre-exposed to intraoral infusions of either water or
7.5% v/v ethanol and subsequently trained using an operant conditioning
preparation defined by the contingency between nose-poke behavior and
reinforcement delivery (ethanol: 3.75%v/vor its vehicle: tapwater). At the
end of operant training (PD 17) BECs were determined in both paired and
yoked pups reinforced with 3.75% v/v ethanol. In a separate group of
animalswealso determinedBECs followingethanol pre-exposure (PD13).

3.1. Methods

3.1.1. Subjects and procedures
A total of 72 infants representative of 8 litters were employed for

the analysis of operant conditioning. Groups were defined by the
following factors: pre-exposure treatment (Water or 7.5% v/v Ethanol),
conditioning (Paired or Yoked controls; P or Y, respectively) and
intraoral reinforcer (Water or 3.75% v/v Ethanol). Each group was
composed of 9 infants. Pre-exposure treatments took place on PD 13
while operant training procedures were conducted during PDs 14–17
(see Section 2, “General methods”). The dependent variables under
consideration were total frequency of nose poking and latency to
perform the first nose-poke during each particular training session. At
the end of the last training session, P and Y rats reinforced with
ethanol were sacrificed and BECs were determined. Data correspond-
ing to three pairs of P and Y pups were not taken into consideration
due to technical problems during blood ethanol determination.

Twenty-two additional pups representative of 5 litters were exposed
to ethanol intraoral deliveryonlyduringPD13.Half of these animalswere
sacrificed following the first pre-exposure trial, in which they passively
received an intraoral infusion of 7.5% v/v ethanol (see Section 2, General
methods). The remaining half was sacrificed following the second (last)
pre-exposure trial. BECs were determined in both groups. This was
performed to determine the level of intoxication, operationalized
through metabolic parameters, associated with pre-exposure treatment.

3.2. Results

3.2.1. Preliminary considerations
The results of the present experiment have been depicted in Fig. 1

(nose-poke frequency) and Fig. 2 (latency to perform the first nose-
poke). Four-waymixed analyses of variance (ANOVAs) were employed
to process nose-poke frequency as well as latency to perform the first
nose-poke. In these ANOVAs pre-exposure treatment (Water or
Ethanol) and reinforcer (Water or Ethanol) served as between-group
variables. Conditioning (Paired or Yoked) and training days (sessions
1–4, PDs 14–17) served as within factors. BECs attained during the last
operant conditioning day (PD 17) were analyzed by means of a 2×2
mixed ANOVA. Pre-exposure treatment (Water or 7.5% v/v Ethanol)
served as a between factor while conditioning (Paired or Yoked)
served as awithin variable. In the current and subsequent experiment,
the loci of significant main effects or interactions were further
examined through post-hoc comparisons (Newman–Keuls with an
initial alpha level set at 0.05). Given the multiplicity of comparisons
and in order to avoid spurious positives, the alpha value of post-hoc
tests was lowered by the Bonferoni correction.

3.2.2. Nose-poke frequency
This variable was significantly affected by the nature of the

contingency existing between the target behavior and reinforcement
delivery [conditioning main effect: F(1, 32)=40.59, pb0.001]. Training
days also exerted a significant main effect, F(3, 96)=12.61, pb0.001.
The following two-way interactions attained significance: reinfor-
cer×day [F(3, 96)=4.04, pb0.01] and conditioning×day [F(3, 96)=
17.28, pb0.001]. Finally, the three-way interaction comprising rein-
forcer, conditioning and days was found to exert significant effects, F
(3, 96)=2.79, pb0.05. Newman Keuls post-hoc tests indicated that
paired pups exhibited higher frequencies of responding than yoked
counterparts, particularly after the first training session. By the end of
training (PD 17) both paired groups (reinforced with either water or
ethanol) exhibited significantly higher nose-poking frequencies than
pertinent yoked controls. Interestingly, paired pups reinforced with
3.75% v/v ethanol at PD17 also had significantly higher levels of res-
ponding thanpaired pups reinforcedwithwater. Nose-poke frequency
was not significantly affected by pre-exposure manipulations. The
statistical analysis also indicated that pre-exposure failed to signifi-
cantly interact with conditioning and day of assessment. Overall nose
poke frequency can be observed in Fig. 1. Fig 1B shows the significant
three-way interaction comprising contingency, nature of the reinfor-
cer and training day.

3.2.3. Latency to perform the first nose-poke behavior
The statistical analysis of this variable also confirmed the

emergence of associative learning. The ANOVA revealed significant
main effects of conditioning and day of training [F(1, 32)=24.54 and F
(3, 96)=3.24, both p'sb0.05; respectively] as well as a significant
interaction between these factors [F(3, 96)=4.73, pb0.05]. Pre-
exposure treatment did not exert a significant main effect upon
latency to perform the first nose-poke and did not significantly
interact with the remaining variables. Post-hoc tests showed that
yoked pups exhibited similar latencies across sessions. That was not
the case in paired pups. After the first training session these pups
exhibited a sharp decrease in latency to execute the first nose-poke.
Furthermore, latencies of paired and yoked controls were significantly
different during the last three training sessions.

3.2.4. Blood ethanol concentrations
BECs corresponding to the pre-exposure phase of the experiment

were found to differ significantly as a function of number of trials. As
could be expected, BECs after two intraoral infusion trials were
significantly higher than those encountered after a single trial (t=5.46;
df=20; pb0.001). BECs during the pre-exposure phase of this experi-
ment were: One trial, 69.4+/−7.2 mg/dl; Two trials, 150.0+/−12.9 mg/dl
(values represent mean+/−standard error).
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The ANOVA for BECs achieved at termination of operant training
(PD 17) indicated that neither pre-exposure nor conditioning exerted
significant main effects. The interaction between these factors also
failed to achieve significance. BEC values across groups ranged
between 25 and 48 mg/dl (overall mean+/−SEM: 25.2+/−6.6 mg/dl).

The present results indicate that the present experimental prepara-
tion is suitable for analysis of early operant conditioning. Infants rapidly
learned the association between nose-poking behavior and intraoral
delivery of fluids. Both water and a low-concentrated ethanol solution
(3.75% v/v) appeared to act as effective reinforcers. Yet,when focusingon
the frequency of responding at the end of training, it appears that
ethanol was more effective than water in terms of positive reinforcing
effects. Ethanol pre-exposure resulted in a pharmacologically relevant
amount of the drug in blood (approximately 150 mg/dl after two pre-
exposure trials). However, this ethanol pre-exposure did not signifi-
cantly affect later ethanol- or water-mediated operant responding.

4. Experiment 2

The present experiment was executed to replicate what probably
constitutes the most relevant result of Experiment 1, i.e., ethanol's
capability to serve as a reinforcer in an operant task. In Experiment 1 pre-
exposure did not exert a significant influence upon operant conditioning.
However, familiarization with ethanol's sensory cues has been shown to
facilitate, under certain circumstances, appetitive learning induced by
intraoral delivery of ethanol (Pautassi et al., 2008a). Hence, in Experiment
2 we utilized only a brief non-reinforced exposure to ethanol prior to
operant training. By maintaining a pre-exposure phase we minimized
procedural changes across experiments. Operant conditioning was
defined not only through the use of water or a low-concentrated ethanol
solution (3.75% v/v) but also through inclusion of a higher ethanol
concentration (7.5% v/v). This latter concentration was the same as that
during pre-exposure. A second goal, and perhaps the most important
feature of Experiment 2, was to examine the effects of the contingency
Fig. 3. A) Mean number of infantile nose-pokes as a function of reinforcer (Water, 3.75 or 7.
delivery (Paired or Yoked) and training day (Postnatal days 14–17, PD 14–17). B) Significant in
Contingency and Reinforcer. In all figures vertical lines represent standard errors of the me
between operant behavior and these reinforcers upon adolescent affinity
for ethanol ingestion. Early exposure to ethanol's sensory or postabsorp-
tive effects has been found to modulate later acceptance of the drug
(Bannoura et al.,1998;Molina et al.,1986; Pepino et al., 2004; Ponce et al.,
2004). Consumption patterns during adolescence (PDs 33–36) were
assessed by means of voluntary intake tests.

4.1. Methods

4.1.1. Subjects and procedures
Sixty infants representative of 8 litters were employed. These

animals were randomly assigned to one of six groups defined by
conditioning procedure (paired or yoked) and reinforcer (water, 3.75
or 7.5% v/v ethanol). All groups were composed of 10 infants. On PD 13,
pups were pre-exposed to intraoral infusions of a 7.5% v/v ethanol
solution, following procedures described in Section 2.3. Operant
training procedures occurred during PD14–17 (one daily 20-min
session, see General methods). Following termination of operant
training, pups were housed with their mothers until PD 21, when they
were weaned. Weanlings of the same sex were then housed in groups
of 4 in standard maternity cages partially filled with wood shavings
and continuous access to lab chow and water. During PDs 33–36,
subjects were assessed in terms of voluntary ethanol intake as
described in General Methods and prior studies (Ponce et al., 2004;
Pepino et al., 2004). Due to technical problems 4 pairs of paired and
yoked animals were not tested during adolescence. Two of these pairs
were originally reinforced with water while the remaining two pairs
were given either 3.75 or 7.5% v/v ethanol during operant training.

4.2. Results

4.2.1. Preliminary considerations
The results derived from Experiment 2 are depicted in Fig. 3 (nose

poke frequency), Fig. 4 (latency to execute the first target operant
5% v/v Ethanol), contingency between behavioral emission and intraoral reinforcement
teraction comprising Contingency and training day. C) Significant interaction comprising
an.



Fig. 4. A) Significant interaction between contingency (Paired or Yoked) and training
day (PDs 14–17) affecting latency (s) to perform the first nose-poke behavior. B)
Significant interaction between Contingency and Reinforcer affecting latency. In both
figures vertical lines represent standard errors of the mean.

Fig. 6. Maximum absolute ethanol intake scores (g/kg) as measured during assessment
days as a function of prior infantile operant training defined by contingency (Paired or
Yoked) and reinforcer (Water, 3.75 or 7.5% v/v Ethanol). Letters above the bars indicate a
significant difference between a given group and the P-3.75 group. Vertical lines
represent standard errors of the mean.
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behavior), Fig. 5 (absolute and percent ethanol intake in adolescence,
PD 33–36)) and Fig. 6 (maximal absolute ethanol intake). Nose poke
frequency and latency to perform the first nose-poke were analyzed
by means of three-way mixed ANOVAs. In these analyses, reinforcer
(3.75 ethanol, 7.5% v/v ethanol or water) was the between-group
variable whereas conditioning (paired or yoked) and training day
(sessions 1–4, PD 14–17) were within factors. Similar 3×2×4 ANOVAs
(reinforcer×conditioning×day) were employed to analyze the depen-
dent variables related to ethanol intake patterns during adolescence.
Fig. 5. Absolute ethanol intake (g/kg) during adolescence as a function of the ethanol solutio
by contingency (Paired or Yoked) and reinforcer (Water, 3.75 or 7.5% v/v Ethanol). Numbers
represent standard errors of the mean.
4.2.2. Nose poke frequency
As can be observed in Fig. 3A, P pups had higher levels of

responding than did Y controls. This difference is particularly notice-
able at the end of training (PD17). Fig. 3A also indicates higher
frequency of responding in paired pups reinforced with ethanol than
in yoked controls. The ANOVA confirmed these impressions. Sig-
nificant main effects of conditioning and training day were found: F(1,
27)=62.08 and F(3, 81)=14.66, both p'sb0.001. The following two-
way interactions also achieved significance: conditioning×reinforcer
[F(2, 27)=4.31, pb0.05] and conditioning×day [F(3, 81)=19.74,
pb0.001]. Newman Keuls' post-hoc tests indicated that regardless of
the nature of the reinforcer, paired pups during the third and fourth
training day exhibited significantly higher rates of nose poking than
did Yoked controls. This difference approached significance during the
second training day. In addition, post-hoc tests showed that across
training days, Paired pups reinforced with either ethanol solution
(3.75 or 7.5% v/v) had higher levels of operant responding than did
Paired infants reinforced with water. The significant interactions
indicated by the ANOVA are also illustrated in Fig. 3B and C.

4.2.3. Latency to perform the first nose-poke
The corresponding ANOVA revealed a significant main effect of

conditioning [F(1, 27)=6.37, pb0.025] and of the interaction comprising
conditioning and training day [F(3, 81)=2.97, pb0.05]. The interaction
n available in each test session (3, 4, 5 and 6% v/v) and infantile operant training defined
between parentheses illustrate mean percent ethanol preference scores. Vertical lines



Table 1
Overall intake values (ml/100 g) during adolescence as a function of day of intake
assessment (PDs 33, 34, 35 and 36) and nature of the contigency during infantile
operant training (Paired or Yoked)

Conditioning
Treatment

Day of intake assessment

Postnatal day
33

Postnatal day
34

Postnatal day
35

Postnatal day
36

Paired 6.00+/−0.32 7.60+/−0.30 8.68+/−0.32 9.32+/−0.42
Yoked 5.79+/−0.32 7.62+/−0.32 8.60+/−0.35 9.78+/−0.46

Values represent mean+/−SEM.

647L.F. Ponce et al. / Pharmacology, Biochemistry and Behavior 90 (2008) 640–650
between conditioning and reinforcer approached significance [F(2, 27)=
3.20, p=0.056]. Further examination of the data by means of post-hoc
tests indicated that, at PD 17, paired pups exhibited significantly lower
latency to first nose-poke than Y controls (see Fig. 4A). Furthermore,
across days, paired animals trainedwith 3.75 or 7.5% v/v ethanol showed
lower latencies than did P pups reinforced with only vehicle. P pups
trained with ethanol (3.75 or 7.5%) also exhibited lower latencies than
any of the Yoked conditions (Fig. 4B).

4.2.4. Adolescent ethanol intake
Overall liquid intake (ml/100 g) was found to progressively and

significantly increase during the course of the testing procedure, F(3,
66)=56.30, pb0.001. The ANOVA for water consumption scores (ml)
indicated a significant main effect of day [F(3, 66)=39.40, pb0.005] as
well as a significant interaction between infantile conditioning and
reinforcer available during operant training [F(2, 22)=7.94, pb0.001].
Post-hoc analyses revealed similar water consumption scores in yoked
control pups regardless of the solution ingested in their tests at PD 14–
17. On the other hand, paired animals that had nose-poked for water
during infancy consumedmorewater as adolescents than did counter-
parts trained with ethanol (either 3.75 or 7.5% v/v). Overall intake
values (ml/100 g) and water consumption scores can be observed in
Tables 1 and 2, respectively.

In terms of absolute ethanol ingestion (g/kg) the ANOVA showed a
significant main effect of day [F(3, 66)=5.02, pb0.005] and a
significant interaction between infantile conditioning and nature of
the reinforcer during operant training [F(2, 22)=3.60, pb0.05]. Post-
hoc tests indicated that absolute ethanol consumption was signifi-
cantly higher for 4 and 5% v/v ethanol than for the lowest and highest
ethanol concentrations (3 and 6% v/v). These tests also indicated that
the nature of the experience during infancy affected ethanol intake:
adolescents that had learned to gain access to 3.75% v/v ethanol
through emission of operant behaviors (P rats) ingested more ethanol
than counterparts previously reinforced with water. Post-hoc tests
also revealed a significant difference between the former group and its
corresponding yoked control group. Paired animals originally rein-
forced with 7.5% v/v ethanol exhibited intermediate ethanol intake
values relative to pups reinforced with the lower ethanol concentra-
tion or with water. These latter differences did not achieve
significance. Fig. 5 depicts these results as well as percent ethanol
preference scores, which yielded very similar profiles. Percent ethanol
preference scores are indicated in Fig. 5 by the numbers between
parentheses above each bar.
Table 2
Water intake (ml) during adolescence as a function of day of intake assessment (PDs 33, 34, 3
and reinforcer (Water, 3.75 or 7.5% v/v Ethanol)

Reinforcer at
Infancy

Day of Intake Assessment

Postnatal day 33 Postnatal day 34

Paired Yoked Paired Yoke

Ethanol (3.75% v/v) 2.50+/−0.69 3.03+/−0.57 4.00+/−0.61 4.55+
Ethanol (7. 5% v/v) 3.15+/−0.46 2.87+/−0.56 3.27+/−0.65 3.42+
Water 4.82+/−0.38 2.55+/−0.60 5.25+/−0.82 4.18+

Values represent mean+/−SEM.
When ethanol and water intake patterns are considered together,
it seems evident that operant training at infancy affected voluntary
intake in adolescence. Paired animals reinforced with ethanol in
infancy showed greater consumption of ethanol later in life than those
reinforced with water. On the other hand, pups that had learned to
nose-poke for water showed greater predisposition to ingest water at
adolescence than animals previously trained with ethanol as the
reinforcer. The effect of the operant training with ethanol upon
adolescent ethanol intake can be seen more clearly in terms of
maximumdaily intake of absolute ethanol intake, i.e., the highest level
of ethanol intake (g/kg) achieved by each animal across tests. The
pertinent ANOVA for this dependent variable indicated a significant
interaction between prior operant training and reinforcement, F(2,
22)=3.65, pb0.05. In this case, post-hoc comparisons indicated that P
pups reinforced with 3.75% v/v ethanol had higher levels of ethanol
ingestion in adolescence than did P pups reinforced with water or Y
controls given 3.75% v/v ethanol (Fig. 6).

In summary, frequency of nose-pokes and latency to perform this
target response indicated that bothwater and ethanol (3.75 or 7.5% v/v)
served as effective reinforcers in the present operant task. Ethanol was
a more effective reinforcer than water. Infantile operant learning with
ethanol affected ethanol intake at adolescence. Animals that had
originally learned to respond for 3.75% v/v ethanol drankmore ethanol
in adolescence than did animals given similar experience with this
ethanol concentration but unrelated with their behavior.

5. General discussion

The common denominator between the two current experiments
was the observation that without the use of extensive initiation
procedures, infants learn to gain access to intraoral delivery of
ethanol. In both experiments it was clear that, after three training
trials, pups given the explicit association between nose-poke behavior
and ethanol exhibited greater frequency of responding than in-
fants reinforced with water or controls given similar infusions of
3.75% ethanol but unrelated to their behavioral performance.
Operant conditioning was also seen with a higher ethanol concentra-
tion (7.5% v/v). There were no statistically significant indications
that ethanol pre-exposure facilitated ethanol-mediated operant
responding.

It was also observed that infantile learning mediated by ethanol
had a significant impact on intake of ethanol in adolescence.
Specifically, pups trained to obtain a low-ethanol concentration
(3.75% v/v) subsequently consumed more ethanol than controls
reinforced with water or controls given similar infantile ethanol
exposure independent of their behavior.

The present test of operant conditioning revealed ethanol's
reinforcing effects in two-week old pups when intraoral administra-
tion of the drug was made contingent upon a specific behavior, in this
case nose-poking. Previous studies conductedwith a similar age group
have suggested that the sensory features of ethanol act as a barrier
precluding substantial responding for the drug (Domínguez et al.,
1993; Pautassi et al., 2008b). These studies have common denomi-
nators. First, infants were reinforced with a low volume of ethanol
5 and 36) and prior infantile operant training defined by contingency (Paired or Yoked)

Postnatal day 35 Postnatal day 36

d Paired Yoked Paired Yoked

/−0.45 4.15+/−1.03 5.93+/−0.45 4.95+/−0.47 7.22+/−0.60
/−0.67 5.09+/−0.40 4.80+/−0.83 5.69+/−0.75 7.38+/−0.61
/−0.66 6.05+/−0.39 4.70+/−0.56 7.63+/−0.44 5.97+/−0.35
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following execution of each target behavior (3–5 µl of 5–6% v/v
ethanol, with milk or water as vehicles). Second, in both Domínguez
et al. (1993) and Pautassi et al. (2008b), the probability of the target
responsewas relatively high from the beginning of training. These two
factors probably provide optimal contiguity between the response
under analysis and the sensory attributes of the drug. Under similar
experimental circumstances pups seem to encode these chemosen-
sory properties as aversive (Pautassi et al., 2008a).

Previous studies of 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
postabsorptive effects (e.g. see: Molina et al., 2006, 2007b; Nizhnikov
et al., 2006; Pautassi et al., 2008a; Sanders and Spear 2007). In other
words, and in accordance with recent studies conducted in adult rats
(Fidler et al., 2006; Kiefer et al., 2005; Samson et al., 2003), it appears
that acceptance of ethanol requires a balance between the sensory and
postabsorptive effects of the drug. In the present study, infants
gradually learned the contingency between a low-probability target
behavior and relatively low-concentrated ethanol solutions (3.75 or
7.5% v/v). Furthermore, the volume of ethanol provided after each
target behavior (25 µl) was higher than previously employed by
Domínguez et al. (1993) and Pautassi et al. (2008b).When taking these
considerations into account it appears that operant conditioning in
the present study was successful due to the relatively low sensory
intensity of the reinforcer and the progressive exposure to ethanol's
postabsorptive effects. Further studies will be required to dissect the
specific weights of these factors or the interaction between them.
Despite this need for experimental clarification, it should be noted
that a recent study conducted in our laboratory using neonatal rats
also indicated that low concentrations of ethanol and rapid accumula-
tion of ethanol in blood facilitate the establishment of operant
conditioning (Bordner et al., 2008).

In Experiment 2, animals trained to nose-poke for ethanol (3.75 or
7.5% v/v) exhibited lower latency to perform the target behavior than
either yoked controls or paired animals reinforced with water. Yet, in
Experiment 1 all paired pups showed lower latencies than control
animals. In other words, in Experiment 1 latency did not differentiate
the reinforcing capability of ethanol and water, although overall
frequency of responding did. These findings may indicate that, in the
context of the present experimental preparation, latency to perform
the first target behavior is a less sensitive or reliable dependent
variable than frequency of operant behavior.

At the end of the training phase, operant self-administration of
ethanol resulted in BECs of 25–48 mg/dl. These BECs have been found
in previous studies to exert pharmacologically significant effects
during early development. Indeed, preweanlings appear to be highly
sensitive to the positive reinforcing effects of such low doses of
ethanol. For instance, neonate rats express ethanol-mediated appe-
titive learning as revealed by enhanced attachment to a surrogate
nipple (conditioned stimulus, CS) following explicit pairings of the
nipple and postabsorptive effects of low ethanol doses (e.g. 0.25 g/kg;
Petrov et al., 2003; Cheslock et al., 2001). In a follow up study,
neonates were given central administration of ethanol while exposed
to a distinctive olfactory conditioned stimulus (lemon odor, CS).
Central doses as low as 25 mg% promoted subsequent conditioned
preference to the CS (Nizhnikov et al., 2006, 2007). Evidence for
reinforcement effects of low ethanol doses also has been found during
the second postnatal week (Pautassi et al., 2006, 2007). Specifically,
ethanol doses of 17–60 mg% BECs are capable of devaluing a US
consisting of an innate aversive tastant (citric acid), an effect probably
mediated by appetitive or anti-anxiety effects of the drug. In a more
recent study (Pautassi et al., 2008a), fourteen-day old rats with or
without a history of ethanol exposure were given i.o. ethanol resulting
in doses between 0.33 and 0.66 g/kg. Soon after ingestion of this
ethanol, the pups were exposed to a salient texture (sandpaper, CS) in
combination with the postabsorptive effects of the ethanol. Subse-
quently the previously ethanol-experienced animals given pairings of
sandpaper and postabsorptive ethanol exhibited heightened prefer-
ence for sandpaper. Finally, reinforcement effects associated with low
blood ethanol concentrations (20–70 mg/dl) have been also found in
infant rats in terms of second-order conditioning procedures (Molina
et al., 2006, 2007b). Taken together, these studies indicate that infancy
in the rat is characterized by high sensitivity to the motivational
effects of low doses of ethanol. Within this framework, the present
experimental strategy seems useful for analysis of the reinforcement
effects of low-to-moderate ethanol doses.

EtOH enhances GABA transmission and also interacts with other
neurotransmitter systems such as glutamate and dopamine to
influence ethanol reinforcement (Gonzalez and Jaworski, 1997;
Manto et al., 2005). Levels of dopamine in the CNS increase under
the effects of ethanol. Dopamine is a neurotransmitter known to be
involved in appetitive reinforcement (Diana et al., 1993). Adult rats
will learn to press a lever in order to receive ethanol directly into the
posterior ventral tegmental area (VTA), a region rich in dopaminergic
neurons (Gatto et al., 1994). Furthermore, ethanol-mediated operant
responding is associated with activation of dopaminergic neurons in
the VTA (Rodd et al., 2005). These studies indicate that ethanol
activation of VTA dopaminergic neurons might underlie the reinfor-
cing capabilities of ethanol found in the present set of experiments.

In Experiment 2, there were clear indications that the nature of
ethanol-mediated learning during infancy had an impact upon later
ethanol ingestion. During adolescence, heightened voluntary ethanol
consumption was encountered in subjects that previously experi-
enced the explicit contingency between their behavior and intraoral
delivery of low-concentrated ethanol (3.75% v/v). There are numerous
preclinical and epidemiological reports linking early experiences with
ethanol and subsequent ethanol intake patterns (for recent reviews
see Chotro et al., 2007; Molina et al., 2007a; Spear and Molina, 2005).
One likely mechanism underlying this association is a simple
familiarization effect: the mere exposure to ethanol's sensory cues
may be sufficient to promote later ethanol acceptance (Bannoura et al.,
1998; Molina et al., 1986; Pepino et al., 2004; Ponce et al., 2004; Spear
and Molina, 2005). However, the involvement of associative learning
mediated by appetitive ethanol reinforcement cannot be disregarded.
In the present study familiarizationwith ethanol is clearly insufficient
to explain the present effects of increased ethanol ingestion during
adolescence, which occurred only for Paired pups reinforced with
3.75% v/v ethanol as a consequence of their operant behavior and not
if the ethanol were delivered regardless of their behavior. It is possible
that these animals not only learn about the sensory features of the
drug but also about the association existing between such cues
and ethanol's postabsorptive effects. Hence, this associative memory
may be reactivated during the process of voluntary ethanol consump-
tion during adolescence. (for a comprehensive review see Spear and
Molina, 2005).

Enhancement of adolescent intake of ethanol by ethanol-mediated
operant learning during infancy occurred only when the operant was
pairedwith 3.75% v/v ethanol. This effect did not emergewhen 7.5% v/v
ethanol served as the reinforcer. It is difficult to determine why this
was the case, especially when considering that these solutions seemed
to share equivalent reinforcement capabilities during infancy. Exam-
ination of ethanol intake patterns during adolescence (see Figs. 5
and 6) suggests that pups exposed to the higher ethanol solution (7.5%)
did ingest more ethanol than those originally reinforced with water,
although contingency appeared not to be a factor. Perhaps when
infants experience relatively concentrated ethanol solutions, famil-
iarity with the drug overrides the contribution of associative mechan-
isms that affect later ethanol affinity. Also, it may be important to
consider that rats in Experiment 2 were water deprived for 22 h prior
to ethanol intake assessments. Liquid deprivation is a stressor (Caplan
and Puglisi, 1986). This raises the possibility that ethanol intake in
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Experiment 2 was driven by anti-anxiety effects of the drug. Empirical
evidence for the existence of anxiolytic effects of ethanol in rats of this
age has recently been provided (Pautassi et al., 2006, 2007).

It was observed recently that the level of operant learning in the
infant rat mediated by bovine milk is positively correlated with
subsequent intake of this particular reinforcer (Arias et al., 2007). It
was suggested that self-administration processes regulated through
operant learning accentuated the inherent value of the reinforcer. In
the present study we cannot disregard a similar interpretation. It is
also possible that the intake test performed during adolescence in-
volves operant processes acting on the contingency between emission
of particular behaviors (e.g., licking) and ingestion of ethanol. Under
this assumption, animals that had originally learned to operate for the
drug during infancy might be more likely to engage in self-admi-
nistration of the drug during adolescence. Nevertheless, it is necessary
to temper this speculation by the fact that numerous reports indicate a
dissociation between ethanol consummatory processes and learning
regulated by the drug's reinforcing effects (e.g. see Files et al., 1997;
Ritz et al., 1994; Samson et al., 1998). Specifically, these reports indi-
cate that level of ethanol consumption in two-bottle choice tests
similar to the one employed in the present work do not necessarily
predict performance in behavioral tasks indicative of ethanol's mo-
tivational properties (i.e., conditioned place preference or operant
self-administration), although a recent review has reached a different
conclusion (Green and Grahame, 2008).

Without the use of extensive initiation procedures it has been difficult
to demonstrate ethanol's reinforcing capabilities in genetically hetero-
geneous adult rats, particularly when employing the oral route of
administration (Fidler et al., 2006; Samson, 1986). This seems not to be
the case very early in postnatal ontogeny (e.g., Nizhnikov et al., 2006;
Pautassi et al., 2008a; Spear and Molina, 2005). The present study in
conjunctionwith that of Bordner et al. (2008) with newborn rats appears
to strengthen the notion that the developing rat is highly sensitive to
appetitive motivational effects of ethanol, as demonstrated through rapid
and robust instrumental learning. The memory of such early learning
experiences seems sufficient to significantly determine or modulate
patterns of voluntaryethanol consumption during adolescence. This set of
results endorses the hypothesis that early onset of ethanol-related
experiences markedly affects the predisposition of the organism to later
use or abuse the drug and indicates that associative learningmechanisms
may play a crucial role in the establishment of such predisposition.
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