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Early environmental stress significantly affects the development of offspring. This stress has been modeled in
rats through the maternal separation (MS) paradigm, which alters the functioning of the HPA axis and can
enhance ethanol intake at adulthood. Infant rats are sensitive to ethanol's reinforcing effects, which modulate
ethanol seeking and intake. Little is known about the impact of MS on sensitivity to ethanol's appetitive and
aversive effects during infancy. The present study assessed ethanol-induced conditioned place preference
established through second-order conditioning (SOC), spontaneous or ethanol-induced locomotor activity
and ethanol intake in preweanling rats that experienced normal animal facility rearing (AFR) or daily
episodes of maternal separation (MS) during postnatal days 1–13 (PDs 1–13). Low-ethanol dose (0.5 g/kg)
induced appetitive conditioned place preference (via SOC) in control rats given conventional rearing but
not in rats given maternal separation in early infancy, whereas 2.0 g/kg ethanol induced aversive conditioned
place preference in the former but not the latter. The administration of a kappa antagonist at PD 1 or imme-
diately before testing did not alter ethanol-induced reinforcement. High (i.e., 2.5 and 2.0 g/kg) but not low
(i.e., 0.5 g/kg) ethanol dose induced reliable motor stimulation, which was independent of early maternal
separation. Ethanol intake and blood alcohol levels during conditioning were unaffected by rearing condi-
tions. Pups given early maternal separation had lower body weights than controls and showed an altered
pattern of exploration when placed in an open field. These results indicate that, when assessed in infant
rats, earlier maternal separation alters the balance between the appetitive and aversive motivational effects
of ethanol but has no effect on the motor activating effects of the drug.

© 2011 Elsevier Inc. All rights reserved.
1. Introduction

Early environmental stress (EES) significantly affects the develop-
ment of the offspring. An alteration in the quality or quantity of ma-
ternal care is perhaps the most critical source of EES and can lead to
enhanced basal and stress-related responsivity of the HPA axis
(Michaels and Holtzman, 2008), fearfulness to novel environments
(Huot et al., 2001) and alterations in the functioning of several trans-
mitter systems, notably dopamine (Meaney et al., 2002), noradrena-
line (Caldji et al., 2000) and the dynorphin/kappa opioid system
(Vazquez et al., 2005). Most of these results have been gathered
through the maternal separation (MS) paradigm (Plotsky and
Meaney, 1993), in which animals experience daily episodes of mater-
nal separation for varying periods of time (usually 180 or 360 min
each day) during the first weeks of life.
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Maternal separation stress resulted in higher vulnerability to initi-
ate self-administration of ethanol (Huot et al., 2001; Cruz et al., 2008)
and enhanced morphine-induced conditioned place preference (CPP)
but reduced spiradoline-induced conditioned place aversion
(Michaels and Holtzman, 2008). Maternal separation also facilitates
the expression of ethanol-induced behavioral sensitization in female
mice (Kawakami et al., 2007). These studies tested the effects of MS
only at adulthood, as have most other studies that have tested the ef-
fects of early maternal deprivation. It is still unknown if MS affects the
sensitivity of an organism to pharmacological unconditioned effects
of ethanol at earlier ontogenetic stages, such as before weaning.

To our knowledge no study has analyzed ethanol-mediated appe-
titive or aversive learning after early maternal separation. These mo-
tivational effects of ethanol are dependent on the integrity of the
opioid system (Nizhnikov et al., 2009) and significantly modulate
ethanol seeking and intake (Pautassi et al., 2009). A growing body
of literature also indicates that ethanol exposure early in develop-
ment, which is surprisingly prevalent, enhances the risk for alcohol
abuse and dependence later in life (Spear and Molina, 2005; Dewit
et al., 2000). It is therefore important to assess if EES affects
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responsiveness to the motivational effects of ethanol in infancy. Pre-
vious studies conducted in our lab assessed ethanol-mediated learn-
ing in infancy (Pautassi et al., 2009) and analyzed how alterations in
maternal behavior affected responsiveness to ethanol's ataxic effects
and ethanol intake during adolescence (Ponce et al., 2011). The pre-
sent study assessed ethanol-induced reinforcement – in terms of
second-order conditioning (SOC, Experiments 1 and 2) – in pre-
weanling rats that experienced repeated episodes of maternal isola-
tion during the first two weeks of life (postnatal days 1 to 13, PDs
1–13). Second-order conditioning is a variant of CPP in which animals
are given pairings of ethanol and an intraoral conditional stimulus
(CS1), followed by pairings of CS1 and a texture CS2. In other words,
during phase 1 (i.e., first-order conditioning) the unconditional stim-
ulus (ethanol) is associated with intraoral water (CS1) and in phase 2
(i.e., second-order conditioning) CS1 is associated with CS2 (sandpa-
per). Ethanol reinforcement is then reflected in response to CS2.
This procedure has proven useful in revealing ethanol-mediated
learning in infant (Molina et al., 2006, 2007) and adolescent
(Pautassi et al., 2011a) rats, when it was not evident in terms of
first-order conditioning. The main hypothesis in the present study
was that MS would alter ethanol-induced reinforcement. Specifically,
the expectation was that the stress of maternal separation would po-
tentiate alcohol's positive reinforcing capabilities.

The kappa opioid receptor (KOR) system is thought to mediate
some of the aversive consequences of stress (Land et al., 2009). There-
fore, an additional hypothesis was that KOR antagonism [by the ad-
ministration of norbinaltorphimine (nor-BNI)], given before onset of
the MS treatment (Experiment 1) would counteract the presumably
stressful effects of repeated maternal isolation. Nor-BNI has been ob-
served to inhibit stress-induced potentiation of ethanol-
reinforcement in adults (Sperling et al., 2010) and to alter ethanol-
induced taste conditioning in infant rats (Nizhnikov et al., in press).
The acquisition of ethanol-induced SOC took place 24 h after the last
episode of maternal separation on PD13. It was conceivable, there-
fore, that lingering effects of this stressful situation affected SOC.
Also, training and testing involved substantial maternal deprivation
of its own that perhaps could have interacted with the previous epi-
sodes of isolation and altered ethanol-mediated conditioning. These
hypotheses imply acute stress effects likely sensitive to kappa antag-
onism. Experiment 2 tested the effects of proximal treatment with
nor-BNI [24 h before conditioning] on ethanol-induced SOC.

Spontaneous and ethanol-induced open field exploration (Experi-
ments 1 and 3) and ethanol intake (Experiment 1)were also measured.
Ethanol-induced locomotor activity (LMA) has been proposed as an
index, albeit indirect, of ethanol reinforcement (Acevedo et al., 2010)
and a relationship between them is predicted by several theories (e.g.,
Robinson and Berridge, 1993). Based on previous studies (Meaney et
al., 2002; Huot et al., 2001), we expectedMS pups to display heightened
ambulation during the onset of testing but reduced overall locomotion
scores, as well as heightened ethanol intake. Blood alcohol levels
(BALs) after normal or MS rearing were also assessed.

The rationale for choosing infant rats was the scarcity of informa-
tion about the effects of maternal separation during the preweanling
period and the possibility that the effects of MS might emerge only
after further brain development. There are few studies that, instead
of imposing a substantial delay until testing on adulthood, analyzed
the effects of chronic maternal separation immediately after termina-
tion of this treatment during infancy (Arnold and Siviy, 2002) or ad-
olescence (Spivey et al., 2008).

2. Materials and methods

2.1. Experimental designs

Experiment 1 assessed ethanol-mediated second order condition-
ing in subjects that, during the first two postnatal weeks, experienced
normal animal facility rearing (AFR) or daily episodes of maternal
separation (MS). Experiment 1 was defined by a 2 (sex: male or fe-
male)×2 (early rearing conditions: AFR or MS)×3 (nor-BNI treat-
ment at PD1: 0, 10 or 30 mg/kg)×(ethanol treatment at second
order conditioning: 0.0 [water vehicle], 0.5 or 2.0 g/kg) factorial.
Each of the groups was composed of 4–6 animals. Second-order con-
ditioning and testing occurred on PD 14 and 15, respectively. On PD16
the pups were assessed for spontaneous open field exploration and
ethanol intake.

Experiment 2 assessed ethanol-induced second order condition-
ing in animals that experienced maternal isolation during the first
two postnatal weeks and were given a KOR antagonist (or its vehicle)
shortly before conditioning. A 2 (sex: male or female)×2 (nor-BNI
treatment 24 h before conditioning: 0 or 10 mg/kg)×2 (ethanol
treatment (0.0 [water vehicle] or 2.0 g/kg)) factorial was employed,
with 5–6 animals in each group.

Experiments 3a and 3b analyzed ethanol-induced locomotor ac-
tivity in AFR and MS animals that experienced short (Experiment
3a) or long (Experiment 3b) maternal deprivation immediately be-
fore testing. Experiment 3a analyzed ethanol-induced locomotor ac-
tivity 90 min after removal of the home cage in MS and AFR
animals. This temporal gap between home cage removal and testing
is a standard procedure for assessing ethanol-induced LMA in pre-
weanling rats (Arias et al., 2008). In Experiment 3b ethanol-induced
locomotor activity was examined after 4 h of maternal deprivation.
The rationale for using the longer deprivation period was that, per-
haps, MS animals would be more sensitive to this stressful treatment.
Both experiments employed identical designs: a 2 (sex: male or fe-
male)×2 (early rearing conditions: AFR or MS)×4 (ethanol treat-
ment: 0.0 [water vehicle], 0.5, 2.0 or 2.5 g/kg) factorial. Groups were
composed of 6–9 animals.

Across designs no more than one animal per litter was assigned to
any group condition. This procedure allowed controlling for potential
litter effects.

2.2. General procedures

2.2.1. Subjects
Four-hundred and sixty-nine Sprague–Dawley rat pups born and

reared in an AAALAC-accredited facility (vivarium of the Center for
Development and Behavioral Neuroscience, Binghamton University,
Binghamton, NY, USA) were employed. Number of animals and litter
representation in each experiment was as follows: Experiment 1, 170
animals (20 litters, 10 experienced conventional animal facility rear-
ing, 10 experienced daily episodes of maternal separation); Experi-
ment 2, 45 animals (6 litters); Experiment 3, 254 animals [33 litters,
17 AFR, 16 MS]. Parturition was checked daily and labeled as postna-
tal day 0 (PD 0). Unless specified, pups were housed with the dam in
standard cages with ad-libitum access to water and lab chow. Light-
ing conditions (12 h/12 h light/dark cycle, with lights on at
8:00 AM) and room temperature (22–24 °C) in the vivariumwere au-
tomatically controlled. The Binghamton University Institutional Re-
view Committee for the use of Animal Subjects approved the
experimental protocol and all procedures complied with the National
Institutes of Health Guide for Care and Use of Laboratory Animals
(National Research Council, 1985).

2.2.2. Ethanol and nor-BNI preparation and administration procedures
The ethanol doses of 0.5, 2.0 and 2.5 g/kg were achieved by intra-

gastrically administering 0.015 ml of an ethanol solution at 4.2, 16.8
and 21% v/v (190-proof Ethanol, Pharmaco, Brookfield; vehicle: dis-
tilled water) per gram of body weight, respectively. The nor-BNI
doses of 10 and 30 mg/kg (Sigma-Aldrich, St. Louis, MO) were derived
from a 1 mg/ml solution (vehicle, 0.9% saline) and administered via IP
injection. Injection volume was 0.01 ml/g for the lowest dose, and
0.03 ml/g for the highest dose and for the animals treated with
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vehicle. Intragastric intubations were performed as described in
Pautassi et al. (2007). Intraperitoneal administrations were per-
formed with 1 cm3 tuberculin syringes mounted with a 27 G ½ dis-
posable needle (Becton Dickinson & Co., Rutherford, N.J), which was
replaced after each injection. Intraperitoneal administrations took
less than 10 s and were performed in the right side of the pup's
body, in a region situated between the diaphragm and the genitalia.
After the administration, the needle was kept in-site one second to
allow adequate diffusion of the drug into the peritoneum and a
small drop of Vaseline was applied to the site of the injection to pre-
vent potential leakage, which was however quite rare.

The ethanol doses were chosen on the basis of previous second-
order conditioning studies of ethanol reinforcement with preweanl-
ing rats (Molina et al., 2006, 2007). Specifically, the rationale for
choosing 0.5 g/kg ethanol as unconditional stimulus was that infant
rats given pairings of CS1 and the pharmacological effects induced
by this ethanol dose exhibit reliable appetitive second-order condi-
tioned place preference. The 2.0 g/kg dose also results in appetitive
reinforcement, although weaker than that induced by the lower
dose (Molina et al., 2007). There is a scarcity of information on the ef-
fects of systemically-administered nor-BNI in infant rats, yet a recent
study conducted in our lab (Nizhnikov et al., in press) revealed that
2.5 mg/kg nor-BNI given 24 h before training altered taste condition-
ing by ethanol in thirteen-day old rats. This result suggests that in-
fants are sensitive to nor-BNI induced blockade of KOR receptors.
Our aim was to induce long-term blockade of those receptors
throughout the first two postnatal weeks. Nizhnikov et al. (in
press), on the other hand, aimed at inducing only short-term KOR
blockade. We thus decided to use higher doses of norbinaltorphimine.
These higher doses were selected on the basis of previous studies in
which 10 and 30 mg/kg nor-BNI blocked stress-induced potentiation
of CPP by ethanol (Sperling et al., 2010), inhibited shock-induced
place aversion (Land et al., 2008) and decreased operant responding
for cocaine (Wee et al., 2009).

2.2.3. Rearing conditions across PDs 1–13 (Exp. 1, 2 and 3) and kappa
antagonism treatment at PD 1 (Exp. 1) or PD 13 (Exp. 2)

On PD 1, at about 8:30 AM, the litters were culled to 10 animals
(five males and five females). In Experiment 1 pups were randomly
assigned to one of three nor-BNI treatments (0.0, 10 or 30 mg/kg,
ip). Injections with this kappa antagonist were conducted at
9:00 AM on PD 1, 3 h before the first episode of maternal isolation.
The rationale was that nor-BNI exhibits a slow onset of action and
during the first hours after its administration is not selective for
kappa antagonism over mu opioid antagonism (Metcalf and Coop,
2005). On the other hand, nor-BNI exhibits a long duration of action,
on the order of several weeks (Metcalf and Coop, 2005). For instance,
Broadbear et al. (1994) found that nor-BNI inhibited kappa agonism
for at least 4 weeks. This indicates that, in the present experiment,
pups should have experienced significant kappa antagonism through-
out the first two weeks of life, when maternal isolation occurred.

After nor-BNI treatment the litters were randomly assigned to be
housed under normal animal facility conditions or to experience
180 min of daily maternal separation. The separations occurred once
daily during PDs 1 to 13 and began at 9:00 AM, except for those in Ex-
periment 1 that were conducted on PD 1 and began 3 h after nor-BNI
injections, at 12:00 AM. Maternal separation was conducted as fol-
lows. The pups were separated from the dam and placed, as a litter,
in a clean maternity cage lined with fresh wood shavings. These
cages were changed every day and kept warm (35 °C) through a heat-
ing pad placed underneath. The daily episodes of maternal isolation
always took place in the same room. Home cages and beddings
were changed twice a week for all litters (i.e., AFR or MS conditions).
This procedure, which involved brief handling, was conducted be-
tween 7:30 and 8:30 AM by professionally-trained animal care
personnel.
In Experiment 2 all animals experienced daily maternal separation
during PDs 1–13, as described. In this experiment Norbinaltorphi-
mine (0.0 or 10 mg/kg) was given on PD 13, following termination
of the last episode of maternal deprivation (i.e., 24 h before the first
phase of the second-order conditioning).

2.2.4. Second-order conditioning procedures (Exp. 1 and 2)
We closely followed a three-step, second-order conditioning pro-

cedure (Fig. 1) originally employed in infant rats by Molina et al.
(2006, 2007) and later used in adolescents by Pautassi et al. (2008,
2011a).

2.2.4.1. Phase 1 (first-order conditioning, PD 14). At 8:30 AM pups were
removed from the maternal cage and placed in same-sex pairs in
holding cages (30×20×20 cm) covered with pine shavings and
maintained at 35 °C. Pups were then implanted in the cheek with a
small section of polyethylene-10 tubing (Clay-Adams, Parsippany,
NJ), as described in Abate et al. (2000). These devices served to deliv-
er the conditional stimuli during conditioning. After cannulation,
pups remained undisturbed for 120 min until commencement of the
conditioning session. Pups were then individually placed into opaque,
square-shaped Plexiglas chambers (10×10×12 cm) with cotton lin-
ing the floor. A 10-min habituation session was conducted to familiar-
ize animals to the chambers. Pups were subsequently weighed to the
nearest 0.01 g (Sartorius, Gottingen, Germany), intragastrically
administered ethanol (0.0, 0.5 or 2.0 g/kg, Experiment 1; 0.0 or
2.0 g/kg, Experiment 2) and returned to their holding chambers. The
rationale for employing pharmacological instead of unpaired controls
was that previous studies – that incorporated unpaired controls and
similar ethanol dosing and SOC procedures – in infant and adolescent
rats indicated that ethanol-mediated SOC is unlikely to be explained
by pseudoconditioning or non-specific changes caused by mere expo-
sure to the US or the CS (Molina et al., 2006, 2007; Pautassi et al.,
2008).

Conditioning began 5 min after ethanol intubation and took place
in the square-shaped chambers. The infants received fifteen 5-s
pulses (5 μl per pulse, interstimulus interval: 55 s) of distilled water
(conditioned stimulus, CS1). The conditioning trial took place during
post-administration minutes 5–20 and CS1 delivery was conducted
by attaching the PE10 sized intraoral cannulae to a PE50 sized poly-
ethylene tubing (Clay Adams, Parsippany, NJ). The latter was,
in turn, connected to an infusion pump (KD Scientific, Holliston,
Massachusetts). At termination of conditioning, the cannulae were
removed and animals were placed into the warmed holding cham-
bers. They were reunited with the dam 2 h after the administration
of ethanol.

2.2.4.2. Phase 2 (second-order conditioning, PD 15). Animals were re-
moved from the maternal cage, cannulated and placed with a same-
sex littermate in a warmed holding chamber for 60 min. They were
then individually placed into the square-shaped chambers used dur-
ing phase 1. The floor of the chamber was now lined with a piece of
sandpaper (50 grit, Gatorgrit, Fairborn, OH). The animals remained
in contact with this surface, hereinafter referred to as CS2, for 5 min
and were stimulated with the CS1. They were given pulsed distilled
water every 55 s (volume: 5 μl, pulse duration: 5 s). Animals received
a total of four water pulses while in contact with sandpaper. After
these CS1–CS2 pairings animals were returned to the warmed holding
chambers.

2.2.4.3. Phase 3 [test for conditioned place (defined by tactile stimulus)
preference, PD 15]. Thirty minutes after termination of Phase 2, ani-
mals were tested in a two-way, five min tactile preference test. The
test was conducted in a Plexiglas rectangular chamber
(28×13×15.5 cm). Half of the floor of this chamber was lined with
the sandpaper CS2 (coarse: 50, Gatorgrit, USA) while the remaining



Fig. 1.Methods for analyzing the effects of early maternal separation on ethanol-mediated second-order conditioning. Phase 1, first-order conditioning, postnatal day (PD) 14: Pups
were removed from the maternal cage, cannulated and then briefly (10 min) habituated to the experimental context. They were then given ethanol (0.0, 0.5 or 2.0 g/kg, Experiment
1; 0.0 or 2.0 g/kg, Experiment 2) and stimulated with a conditioned stimulus (CS1) consisting of intraoral pulses of water. CS1 delivery occurred 5–20 min after ethanol. Phase 2,
second-order conditioning, postnatal day 15: animals were stimulated with water pulses while placed in a sandpaper-lined compartment (CS2). Phase 3, tactile preference test,
postnatal day 15: time spent on sandpaper was recorded during a 5 min preference test.
The figure and legend were adapted with permission from Pautassi et al. (2011a).
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floor surface was lined with the smooth backside of a piece of sandpa-
per. Both textures were replaced in each new test, which was con-
ducted under red light provided by an overhead 40-w bulb. Time
spent over each section of the apparatus was recorded in a minute-
by-minute basis by experimenters unaware of the treatment of each
animal. The middle section (15% of the entire surface) was considered
as a neutral area and not taken into account for data collection or
analysis. Tactile preference scores were expressed as percent time
(%) spent on sandpaper, which was calculated as follows: [(total
time spent over sandpaper)/(total time spent over sandpaper+
total time spent over smooth)×100)].

2.2.5. Assessment of spontaneous motor activity and ethanol intake
(Exp. 1)

On PD 15 (i.e., 24-h after the tactile preference test), at about
8:30 AM, the pups were removed from the maternal chamber and im-
mediately assessed (test duration: 5 min) for spontaneous motor ac-
tivity in a Plexiglas open field (42×42×30 cm; VersaMax Animal
Activity Monitoring System, Accuscan Instruments, Columbus, OH,
USA). The open field was dimly lighted inside a wooden, sound-
attenuating chamber (53×58×43 cm) and surrounded by photocell
beams. The VersaMax software registered distance traveled (cm) in
a minute-by-minute basis.

The parameters for the ethanol intake test closely followed those
described by Arias et al. (2010a). Briefly, the pups were implanted
with PE10 cannulae immediately after the LMA test and placed in
pairs in a warmed holding chamber. Three hours after cannulation,
pup's bladders were voided by gentle stroking of the anogenital area
and body weights were registered to the nearest 0.01 g. Animals
were then placed into individual Plexiglas chambers
(10×10×12 cm) and received intraoral ethanol (6% w/v, duration:
15 min), delivered at a constant rate through a syringe infusion
pump (KD Scientific, Holliston, MA) connected to the oral cannula of
each pup by a polyethylene catheter (Clay Adams, PE 50 Parsippany,
NJ). Total administration volume was equivalent to 5.5% of the
subject's pre-infusion body weight. After the infusion, subjects were
disconnected from the pup and weighed to estimate percentage
body weight gain (% BWG: Post-infusion weight−Pre-infusion
weight/Pre-infusion weight×100].
2.2.6. Assessment of ethanol-induced motor activity and blood ethanol
levels (Exp.3)

On PD14 the preweanlingswere removed from their home cage and
placed either in pairs or individually (Experiments 3a and 3b, respec-
tively) in a warmed holding chamber (30×20×20 cm). Sixty or
240 min later (Experiments 3a and 3b, respectively) they received one
of four ethanol doses (0.0, 0.5, 2.0 or 2.5 g/kg). The 0.5 and 2.0 doses
were selected because they had been employed in the SOC procedure
of Experiments 1 and 2. The 2.5 g/kg dose had not been evaluated in
the second-order procedure because it was not expected to differ in
reinforcing capability from 2.0 g/kg. It was, however, employed in this
experiment to facilitate the comparison with previous studies. Specifi-
cally, 2.5 g/kg has been the standard dose for assessingmotor activating
effects of ethanol during the rising limb of the blood ethanol curve in
preweanling (Arias et al., 2008, 2009, 2010a) and adolescent (Acevedo
et al., 2010) rats. The temporal gap between removal of pups from the
dam and testing was selected on the basis of previous studies
(Pautassi et al., 2011b; Arias et al., 2010b).

Ethanol-induced motor activity (i.e., distance traveled in cm) was
registered at ethanol post-administration time 5–20 min using a Plex-
iglas open field (42×42×30 cm; VersaMax Activity Monitoring Sys-
tem, Accuscan Instruments, Columbus, OH, USA).

Blood trunk samples were obtained from AFR and MS pups given
0.5 and 2.0 g/kg ethanol in Experiment 3a. The aim was to assess if
maternal separation on PDs 1–13 altered metabolism and hence
levels of blood ethanol, induced by the doses employed in Experi-
ments 1 and 2. The samples were obtained immediately following
the motor activity test, a time period that corresponds with the termi-
nation of phase 1 of the SOC procedure. The samples were analyzed
with an AM5 Alcohol Analyzer (Analox Instruments, Lunenburg,
MA) (see Nizhnikov et al., 2009). BELs were expressed as milligrams
of ethanol per deciliter of body fluid (mg/dl=mg %).

2.3. Data analyses

Body weights registered on PD 14 (Exp. 1 and 2) were analyzed
through a two or three-way Analysis of Variance (ANOVA; between
factors: sex, nor-BNI and – for Experiment 1 – early rearing condi-
tion). In these analyses there were some instances in which MS or



Fig. 2. Ethanol-induced second-order conditioning in infant rats that experienced ei-
ther normal animal facility rearing (AFR, upper panel) or daily episodes of maternal
separation (MS, lower panel) during postnatal days (PD) 1 to 13, with percent time
spent in the rough CS2 texture (sandpaper) during the test as a function of ethanol
treatment. On PD 1 animals were administered nor-BNI (0.0, 10 or 30 mg/kg, ip).
During conditioning on PD 14 animals were given ethanol administration (0.5, 2.0 or
0.0 g/kg, i.g.), and were then stimulated with intraoral pulses of water (CS1). The fol-
lowing day, animals experienced CS1–CS2 pairings and were then tested for CS2 prefer-
ence. To facilitate data visualization, data have been collapsed nor-BNI treatment. The
latter factor did not affect tactile preference scores nor significantly interacted with
the remaining factors. Asterisks (*) indicate significant differences between an
ethanol-treated group and its corresponding vehicle-treated control (pb0.05).Vertical
bars indicate the SEM.
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AFR litters provided more than one male or female. These values were
thus collapsed so as not to assign more than one male and one female
per litter to any cell.

Percent (%) time in contact with the sandpaper CS (Experiments 1
and 2) during the 5-min tactile preference test was analyzed through
a four or three-way ANOVA (between factors: early rearing condition,
sex, nor-BNI treatment and ethanol treatment [Experiment 1]; sex,
nor-BNI treatment and ethanol treatment [Experiment 2]).

Distance traveled on the open field (Experiment 1) was divided
into five 1-min bins and was processed through a five-way mixed
ANOVA (between factors: sex, early rearing condition, nor-BNI
treatment and ethanol treatment; within factor: bin of evaluation).
Ethanol intake (Experiment 1) was processed through a four-way
ANOVA (between factors: sex, early rearing condition, nor-BNI
treatment and ethanol treatment). We also analyzed the correlation
(Pearson's r product-moment) between distance traveled in the
open field and ethanol intake. The question was to what extent spon-
taneous LMA activity in the open field predicted ethanol intake
scores. Separate correlations were made for the overall population
of subjects as well as for the groups derived from the factorial design,
after collapsing for sex to reduce the number of associations and
therefore decrease the possibility of type I error.

In Experiments 3a and 3b, ethanol-induced locomotor activity
(total distance traveled on the open field, [cm]) recorded during the
15 min assessment was divided into three 5 min bins and analyzed
through a four-way mixed ANOVA. Ethanol dose (0.0, 0.5, 2.0 or
2.5 g/kg), sex and early rearing condition were the between-group
factors, whereas bin of evaluation (bin 1, 2, or 3; i.e., post-
administration intervals of 5–9 min, 10–14 min, and 15–19 min)
served as the repeated measure factor. Blood ethanol levels (BELs,
Experiment 4a) were analyzed using a two-way ANOVA (compara-
tive factors between groups: early rearing condition and sex).

The loci of significant main effects or interactions were further
examined through follow-up ANOVAS or post-hoc comparisons
(Fisher's Least Mean Significant tests, alpha level set at 0.05).

3. Results

3.1. Experiment 1

3.1.1. Body weights
Pups that experienced repeated maternal deprivation exhibited a

slight, yet significant, reduction in body weight at PD 14 (significant
main effect of early rearing condition: F1,102=9.00, pb0.05). Mean
and SEM (g) in control rats given conventional rearing and in MS
pups was 35.84 +/−.34 and 34.79 +/−.55, respectively.

3.1.2. Second-order conditioning
The ANOVA for percent preference for sandpaper revealed a sig-

nificant main effect of ethanol treatment and a significant interaction
between ethanol treatment and early rearing condition (F2,134=4.87,
pb0.01 and F2,134=4.36, pb0.05, respectively). There was no signifi-
cant main effect of nor-BNI treatment or sex, and no significant inter-
action involving these factors was found. For animals given vehicle at
conditioning, a planned comparison (pb0.05) revealed that level of
sandpaper preference did not depend on early rearing condition
(AFR or MS). In other words, baseline level of sandpaper preference
was not altered by maternal separation. Another planned compari-
son, however, revealed a significant difference between AFR and MS
animals given 2 g/kg ethanol dose (pb0.05), indicating emergence
of an effect of early maternal separation when ethanol was
introduced.

To better understand the significant ethanol treatment and early
rearing interaction, follow-up one-way ANOVAs (comparative factor
between groups: ethanol treatment at SOC) were performed for
each early rearing condition. In the case of animals given normal
rearing (AFR group) the ANOVA revealed a significant main effect of
ethanol treatment, F2,84=4.18, pb0.05. The post-hoc indicated that
pups given 0.5 g/kg ethanol spent significantly more time on the
sandpaper CS2 than vehicle-treated counterparts, thus exhibiting ap-
petitive, ethanol-mediated second-order conditioning. There was a
trend for appetitive conditioning in pups given 2.0 g/kg ethanol, yet
the post-hoc comparison between this group and the vehicle-
treated control failed to achieve significance (p=0.06). These results
can be observed in Fig. 2, top panel.

When considering pups that experienced repeated, daily episodes
of maternal deprivation during PDs 1–13 the ANOVA indicated a sig-
nificant effect of ethanol treatment: F2,80=6.48, pb0.005. The post-
hocs revealed that animals given the highest ethanol dose spent sig-
nificantly less time on the ethanol-paired sandpaper CS than control
animals (pb0.01), thus exhibiting conditioned tactile avoidance.

image of Fig.�2


Fig. 3. Ethanol-induced second-order conditioning in infant rats that experienced daily
episodes of maternal separation during postnatal days (PD) 1 to 13, with percent time
spent in the rough CS2 texture (sandpaper) during the test as a function of nor-BNI
treatment (0.0 or 10 mg/kg, ip) and ethanol treatment (0.0 or 2.0 g/kg) On PD 13,
after termination of the last episode of maternal deprivation, animals were adminis-
tered with nor-BNI. During conditioning on PD 14 animals were given ethanol admin-
istration and were then stimulated with intraoral pulses of water (CS1). The following
day animals experienced CS1–CS2 pairings and were then tested for CS2 preference.
Ethanol (2.0 g/kg) readily induced aversive second-order conditioning and nor-BNI
treatment did not alter this result. The ANOVA indicated a main effect of ethanol
treatment (F1,37=8.13, pb0.01), that did not interact with sex or nor-BNI treatment.
Vertical bars indicate the SEM.
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Pups given 0.5 g/kg ethanol did not differ from controls. These results
have been depicted in Fig. 2, lower panel.

3.1.3. Spontaneous LMA and ethanol intake scores
Spontaneous motor activity in the open field was greater in

females than in males and locomotion gradually decreased across
testing (significant main effects of sex and bin of evaluation,
F1,134=11. 22 and F4,536=8. 06, respectively; both p'sb0.0001).
Mean and SEM (cm) for males and females were 287.94+/−30.55
and 456.98+/−43.89, respectively. There was no significant main ef-
fect of nor-BNI dosing at PD 1 or ethanol treatment at PD 14. None of
the interactions between these factors achieved significance. On the
other hand, the interaction between early rearing condition and bin
of evaluation achieved significance, F4,536=3.15, pb0.05. Post-hoc
tests indicated that initial (i.e., bin 1) spontaneous locomotion was
significantly lower in MS pups than in control rats given conventional
rearing. This difference was no longer observed in the subsequent
bins. Mean and SEM (cm) for AFR and MS subjects were as follows:
bin 1, 111.55+/−9.14 and 79.95+/−7.33; bin 2, 83.89+/−10.22
and 75.34+/−11.21; bin 3, 70.32+/−11.48 and 81.05+/−13.24;
bin 4, 57.90+/−9.54 and 65.28+/−9.99; bin 5, 65.15+/−9.91
and 53.71+/−9.50; respectively.

Ethanol intake was unaffected by the factors under analysis. The
ANOVA revealed the lack of significant main effects or significant in-
teractions. Mean and SEM for AFR and MS pups as a function of etha-
nol dose at SOC were as follows: 0.0 g/kg, 2.28+/−0.21 and 1.18+/
−0.15; 0.5 g/kg, 1.89+/−0.17 and 1.82+/−0.20; 2.0 g/kg, 1.82+/
−0.15 and 1.80+/−0.14; respectively.

The correlation between spontaneous LMA scores and ethanol in-
take yielded a positive, significant association in animals reared under
normal conditions and later treated with vehicle on both PD 1 and PD
13. In this basic control condition greater motor activity in the open
field predicted greater avidity for ethanol (r=.86; pb .05). None of
the other correlations achieved significance.

3.2. Experiment 2

3.2.1. Body weights
Body weights were not affected by sex or nor-BNI treatment.

Mean and SEM (g) in pups given nor-BNI or its vehicle were
36.03+/− .70 and 37.17+/− .65, respectively.

3.2.2. Second-order conditioning
Consistent with the results found in Experiment 1, a relatively

high ethanol dose (2.0 g/kg) readily induced aversive second-order
conditioning in preweanlings that had experiencedmaternal depriva-
tion. Pretreatment with nor-BNI – 10 mg/kg given 24 h before
conditioning – did not alter the expression of this conditioned
response. These impressions were confirmed by the ANOVAs, which
revealed an independent significant main effect of ethanol
treatment (F1,37=8.13, pb0.01), that did not interact with sex or
nor-BNI treatment. These results have been depicted in Fig. 3.

3.3. Experiment 3

3.3.1. Ethanol-induced motor activity in AFR or MS pups
In Experiment 3a pups were removed from the dam and placed in

couples in a warmed holding chamber. Sixty-minutes later they were
assessed for ethanol-induced motor activity. This temporal gap be-
tween home cage removal and testing is a standard procedure for
assessing ethanol-induced LMA in preweanling rats (see Arias et al.,
2008; Pautassi et al., 2011b). The ANOVA for distance traveled
revealed independent significant main effects of early rearing condi-
tions and bin of evaluation as well as a significant interaction between
bin of evaluation and ethanol treatment, F1,119=3.99, pb0.05;
F2,238=76.23, pb0.001 and F6,238=13.14, pb0.001, respectively. As
depicted in Fig. 4, overall locomotion scores across groups were high-
est on the first evaluation bin (postadministration time 5–9) and then
significantly decreased during bins 2 and 3 (postadministration time
10–14 and 15–19 min, respectively). Perhaps more important, 2.0
and 2.5 – but not 0.5-g/kg ethanol induced clear behavioral activation
during the first evaluation bin. This drug-induced activation subsided
during the second and third bin. Pups that experienced repeated ep-
isodes of maternal deprivation exhibited slight, yet significant in-
creased overall levels of motor activity, an effect that was
statistically similar across ethanol- and vehicle-treated animals. Visu-
al inspection of Fig. 4 may suggest that dosing with 2.0 and 2.5 g/kg
ethanol induced higher motor scores in MS than AFR pups. This im-
pression, however, was not supported by the ANOVA, which revealed
the lack of significant two- or three-way interactions.

Fig. 5 depicts motor activity levels in the open field after varying
doses of ethanol or vehicle in AFR or MS pups that experienced 4 h
of maternal deprivation immediately before testing (Experiment
3b). The highest ethanol doses (2.0 and 2.5 g/kg) induced motor acti-
vation during the first evaluation bin. During postadministration time
15–19 min (third bin) pups given 2.5 g/kg ethanol exhibited signifi-
cantly less distance traveled than any other group. These activating
and depressing effects of ethanol were similar across control rats
given conventional rearing or MS pups. The ANOVA indicated a signif-
icant main effect of bin testing and a significant ethanol×bin interac-
tion, F2,206=14.09 ; F6,206=6.55, respectively; both p'sb0.0001.
3.3.2. Blood ethanol levels in AFR or MS pups (Experiment 3a)
Blood samples were obtained from AFR and MS animals, 20 min

after intubation with 0.5 or 2.0 g/kg ethanol. This time point coincides
with the end of conditioning phase 1 in Experiments 1 and 2. The
ANOVA indicated that early maternal isolation did not affect BELs.
As expected, pups given 2.0 g/kg had higher BELs than pups given
0.5 g/kg (significant main effect of ethanol treatment: F1,54=1623.0,
pb0.0001). Mean and SEM (mg/dl) in pups given 0.5 or 2.0 g/kg
ethanol were 41.33+/−3.57 and 176.80+/−3.36 (AFR pups), and
42.97+/−3.46 and 181.34+/−3.70 (MS pups); respectively.
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Fig. 4. Ethanol-induced locomotor activity (distance traveled, cm) 5–9, 10–14, and 15–19 min after ethanol administration (bins 1, 2, and 3, respectively) in infant rats that expe-
rienced either normal animal facility rearing (AFR, left panel) or daily episodes of maternal separation (MS, right panel) during postnatal days (PD) 1 to 13. Animals experienced
60 min of maternal deprivation before the onset of testing, which was conducted at PD 14. Vertical bars indicate the SEM.

636 R.M. Pautassi et al. / Pharmacology, Biochemistry and Behavior 100 (2012) 630–638
4. Discussion

The most striking new finding of the present study was that re-
peated maternal separation during the preweanling period had a
powerful and reliable main effect on the reinforcing effect of ethanol,
as measured through second-order conditioning. Pups that experi-
enced normal rearing conditions exhibited conditioned preference
for a stimulus that had been associated with 0.5 g/kg ethanol and a
non-significant trend towards conditioned preference when given
the highest ethanol dose. In sharp contrast, MS infants failed to ex-
press any SOC when given 0.5 g/kg ethanol and spent less time than
controls in the CS associated with 2.0 g/kg ethanol. That is, MS pups
showed ethanol-induced conditioned aversion to the higher ethanol
dose.

These results indicate that MS can alter ethanol-induced rein-
forcement and suggest that the net effect of ethanol was appetitive
for control pups but aversive for MS pups. Although the directional
hypothesis was that MS pups would find ethanol more appetitive,
we could not discard the possibility that maternal separation might
make pups more sensitive to ethanol-induced stress or aversion. As
many other psychoactive drugs (including anxiolytics such as buspir-
one, Neisewander et al., 1990), ethanol induces both appetitive and
aversive effects, and it is possible that the MS treatment employed
in the present study selectively enhanced the aversive effects of the
Fig. 5. Ethanol-induced locomotor activity (distance traveled, cm) 5–9, 10–14, and 15–19 m
rienced either normal animal facility rearing (AFR, left panel) or daily episodes of maternal
240 min of maternal deprivation before the onset of testing, which was conducted PD 14. V
drug. To our knowledge, there is only one study that assessed sensi-
tivity to the aversive properties of psychoactive drugs after MS.
Roma et al. (2008) found reliable but similar amphetamine-induced
conditioned taste aversion (CTA) in maternally-isolated and control
animals. Taste aversion memories, however, are known for their po-
tency and biological preparedness (Dellarosa Cummins and
Cummins, 1999). Therefore, they are perhaps less likely to be affected
by early maternal isolation than conditioned place preference, per-
haps especially when induced by a higher-order conditioning prepa-
ration such as SOC.

The present result, however, fits well with prior evidence indicat-
ing that adolescent rats undergoing MS during infancy decreased sub-
sequent ethanol intake during puberty (Daoura et al., 2011). Studies
conducted with adult rats or mice, however, revealed heightened eth-
anol intake after early maternal deprivation (Huot et al., 2001; Cruz et
al., 2008) and previous work (Michaels and Holtzman, 2008; Song et
al., 2007) indicated that maternal separation or chronic stress expo-
sure facilitated, rather than inhibited, drug-induced conditioned
place preference at adolescence and adulthood. One possible explana-
tion for this apparent discrepancy is that the initial effects of maternal
separation can interact with the subsequent social environment to
produce the behavioral phenotypes found at adulthood. Indeed, it
has been observed that environmental factors can reverse the effects
of early maternal separation (Francis et al., 2002).
in after ethanol administration (bins 1, 2, and 3, respectively) in infant rats that expe-
separation (MS, right panel) during postnatal days (PD) 1 to 13. Animals experienced
ertical bars indicate the SEM.
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Differences in spontaneous exploration of a novel environment
are thought to be the most reliable index of behavioral changes
resulting from early stress (Meaney et al., 2002). Consistent with
this claim, in the present study early maternal separation was associ-
ated with a transient decrease in spontaneous exploration of the open
field (Experiment 1, test duration: 5 min) and overall higher motor
activity across the 15-min testing trial of Experiment 3a. These results
confirm previous literature on the effects of maternal separation. As
reviewed by Meaney et al. (2002), during the first minutes of an
open field test control animals explore the arena whereas MS animals
usually freeze, a behavior likely reflecting anxiety enhancement by
the MS experience. After about 5 min of testing, however, MS animals
become significantly more active than control counterparts. Our find-
ings of overall hyperactivity and a slight, yet significant, reduction in
body weight in MS than in control animals are also consistent with
those reported in Shalev and Kafkafi (2002) and Arnold and Siviy
(2002). Furthermore, the decreased spontaneous exploration of the
open field in MS animals is in agreement with studies that showed
a decrease in exploration after stress (Arnsten et al., 1985; Berridge
and Dunn, 1986).

We hypothesized that kappa antagonism would block alterations
in ethanol reinforcement after early maternal separation, considering
MS a potential source of stress. This hypothesis, however, was not
confirmed. An injection of nor-BNI – a long-lasting kappa antagonist
– immediately before the onset or just after termination of maternal
deprivation treatment (Experiments 1 and 2, respectively) did not af-
fect the ethanol-induced conditioned aversion in MS pups. It could be
argued that an effect would have been observed if additional nor-BNI
injections had occurred or if the antagonist had been given at another
time. During the first two postnatal weeks rats exhibit a reduced
adrenal response to stress and low levels of hypothalamic
corticotrophin-releasing hormone (Sapolsky and Meaney, 1986).
Also, the doses of nor-BNI were chosen on the basis of studies in
which this compound blocked stress-induced potentiation of
ethanol-mediated CPP (Sperling et al., 2010) and inhibited shock-
induced place aversion (Land et al., 2008). We cannot discard the pos-
sibility, however, that the most appropriate doses of this kappa antag-
onist were not used in the present study. Future experiments are
needed to elucidate these issues.

Ethanol induced, as observed by Arias et al. (2008), reliable motor
activation during the initial, rising limb of the blood ethanol curve
and, in Experiment 3b, motor depression during the last testing bin.
These biphasic effects were unaffected by early maternal separation
stress. Across experiments, sex only exerted a significant main effect
in terms of spontaneous open field exploration but it was not in-
volved in any significant interaction with ethanol, nor-BNI treatment
or early rearing. This independence was not unexpected. Several
reports (e.g. Nizhnikov et al., 2009) indicated that ethanol-induced
conditioning or ethanol-induced activation (Arias et al., 2008) do
not differ in male and female preweanling rats. There are, however,
several studies showing that females are much less sensitive to the
effects of MS than males (e.g., Gustafsson et al., 2005).

In Experiment 1, rat pups that experienced normal animal facility
rearing, received vehicle injections at PD 1 and were infused with
2.0 g/kg ethanol did not exhibit a conditioned preference for sandpa-
per. This result is different from that found in Molina et al. (2007).
Procedural differences between these studies – that may explain the
discrepancy – are the stress associated with the vehicle injections at
PD 1 and that pups in the present study socially interacted with
peers experiencing kappa antagonism.

The effects of early maternal separation during second-order con-
ditioning did not appear to be related to alterations in ethanol metab-
olism. At doses and post-administration intervals that coincided with
those employed during conditioning, BELs were similar in MS and
AFR pups. Likewise, ethanol intake in the intraoral intake test did
not differ as a function of rearing experience (Experiment 1). This
lack of difference is intriguing, since previous studies have revealed
greater initiation in ethanol self-administration in adult animals
that experienced early maternal separation (Huot et al., 2001).
Aside from the obvious difference in age of testing, the apparent dis-
crepancy could be explained by procedural differences, the most ob-
vious being the mode of testing (a short intraoral administration
test vs. a two-bottle, 24-hour long free-choice intake test). The
intraoral intake test did provide important information, however.
Ethanol intake in the basic control condition (i.e., animals reared
under normal facility conditions and then treated with vehicle) was
positively and significantly associated with the previously recorded
spontaneous open field exploration. This outcome adds to other stud-
ies indicating that ambulation predicts ethanol intake (Bisaga and
Kostowski, 1993).

In summary, the results of the present study suggest that early en-
vironmental stress, modeled by maternal separation, reliably alters
ethanol-mediated reinforcement during infancy. EES, however, has
no significant effect on the motor activating properties of the drug,
ethanol metabolism or ethanol intake measured at this early stage
of development. MS pups perceived ethanol as significantly more
aversive than pups that experienced normal rearing – an effect that
was not sensitive to KOR antagonism – and exhibited an altered pat-
tern of open field exploration. Future research should examine the
neurobiological basis of these effects and their persistence during
later stages of development, and should further scrutinize the associ-
ation between early ethanol-induced reinforcement and ethanol
intake.
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