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Abstract

The present study examined behavioral sensitivity and acute tolerance to ethanol in infants with or without a moderate prenatal ethanol
experience. During gestational days 17—20 dams received 0.0 or 2.0 g/kg ethanol. On postnatal day 13 pups were administered 0.0, 0.5 or 2.5 g/kg
ethanol prior to assessment of locomotion. One third of the pups were evaluated at 5—-10, 30-35 and 60—65 min after ethanol administration;
another third was tested only during the last two post-administration periods; and the remaining third was tested only at 60—65 min. At 30—-35 min
blood ethanol levels were similar to those attained at 60—65 min. The main results of the study were: (a) The 2.5 g/kg ethanol dose induced
biphasic motor effects: stimulation 5—10 min after drug administration and sedation after 30-35 or 60—65 min. (b) Infants exhibited acute
tolerance to ethanol’s sedative effects. (c) Although pups prenatally treated with ethanol exhibited heightened locomotor activity levels, acute
sensitivity and tolerance were not affected by prenatal treatment. In summary, infants are sensitive to biphasic motor consequences of ethanol and
readily exhibit acute tolerance to ethanol’s sedative effects. In addition, moderate prenatal ethanol exposure was sufficient to induce hyper-

reactivity in the offspring without affecting habituation.
© 2008 Elsevier Inc. All rights reserved.
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There is a considerable body of experimental evidence in-
dicating that prenatal exposure to ethanol can critically modulate
subsequent ethanol intake. This association between prenatal
ethanol exposure and later affinity for the drug has been detected
in various strains of rats and mice when using a variety of modes
of ethanol exposure during pregnancy (Chotro et al., 2007).
Heightened ethanol consumption resulting from gestational
exposure to ethanol has been observed through tests conducted
during different ontogenetic periods, including infancy, adoles-
cence and adulthood (Chotro et al., 2007; Spear and Molina,
2005). Recent epidemiologic studies have found results analo-
gous to those reported in this preclinical research. Even when
controlling genetic and environmental factors known to modulate
ethanol affinity, prenatal exposure to ethanol still significantly
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predicts later ethanol consumption and onset of ethanol-related
disorders (Alati et al., 2006; Baer et al., 1998, 2003; Yates et al.,
1998).

Although mechanisms underlying the association between fetal
exposure to ethanol and subsequent predisposition to accept the
drug remain a matter of debate, animal models have identified
factors that can mediate this association. When rats are exposed to
high ethanol doses throughout the last 2 weeks of the gestation,
long-lasting effects upon the activity of the hypothalamic-pituitary-
adrenal axis (HPA) are consistently observed (Taylor et al., 1982,
1981; Weinberg et al., 1996). This prenatal treatment induces
heightened responsiveness to various stressors, a phenomenon that
could eventually predispose the organism to use or abuse ethanol as
a means of alleviating stress-related negative states (e.g. anxiety or
depression). This neuroendocrinological alteration seems to be
accompanied by changes in neurotransmitter systems that not only
participate in stress regulation but also modulate ethanol’s positive
as well as negative (anti-anxiety) reinforcing properties (Bailey
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etal.,2001; Druse et al., 1990; Sari and Zhou, 2004). Furthermore,
chronic exposure during gestation to large ethanol doses has also
been observed to modify acute sensitivity to ethanol’s effects. For
example, this treatment enhances tolerance to hypothermic effects
of relatively high ethanol doses (Abel et al., 1981; Anandam et al.,
1980; Lancaster and Spiegel, 1989) and can sensitize the organism
to the stimulant effects of ethanol (Becker et al., 1993; Rockman et
al., 1989).

It has also been observed that prenatal exposure to moderate
ethanol doses (1 or 2 g/kg, peak blood concentrations ranging
between 40 and 120 mg/dl) during the last 4 days of gestation
(gestational days 17-20; GDs 17-20) affects later ethanol intake
patterns. This moderate prenatal ethanol treatment results in high
ethanol intake during infancy (Arias and Chotro, 2005a,b, 2006;
Chotro and Arias, 2003; Dominguez et al., 1998; Molina et al.,
1995; Pueta et al., 2005) as well as during adolescence (Chotro
and Arias, 2003). In these studies, processing of ethanol-related
chemosensory information by late-term fetuses seems to predis-
pose the organism to accept ethanol odor and taste (Chotro et al.,
2007; Spear and Molina, 2005). Yet, the participation of other
intervening factors in this effect cannot be completely rule out.
With this ethanol exposure there is no evidence of morphological
alterations (Dominguez et al., 1996) or deficits in associative
learning capabilities assessed through Pavlovian conditioning
procedures (Nizhnikov et al., 2006; Pueta et al., 2005) attributable
to the teratogenic properties of ethanol. However, these animals
show a tendency towards hyper-reactivity when they are
confronted with novel stimuli (Chotro and Spear, 1997;
Dominguez et al., 1996). Recent experimental evidence also
suggests that moderate fetal exposure to ethanol during late
gestation sensitizes the neonate to positive reinforcing effects of
low ethanol doses (0.25-0.75 g/kg; Nizhnikov et al., 2006) and
the fetus to sedative effects of higher doses (1-2 g/kg; Chotro
and Spear, 1997). It is less clear that such hyper-reactivity and
heightened behavioral sensitivity to ethanol persists into sub-
sequent stages of development, including time points where
heightened ethanol affinity has been observed to be a function of
prenatal ethanol experience.

It is likely that behavioral sensitivity to a given drug will vary
as a function of post-administration time. This variation can
occur due to pharmacokinetic processes (absorption, distribution
and elimination) as well as development of acute tolerance
within the process of intoxication or intervening factors such as
habituation to the testing environment. Acute tolerance refers to
the development of resistance to a drug’s physiological or be-
havioral effects within a single bout of intoxication. This par-
ticular tolerance is not explainable through metabolic adaptive
mechanisms and has been detected during infancy and
adolescence in the rat (Silveri and Spear, 2001; Spear and Var-
linskaya, 2005). To our knowledge, the effect of low-to-
moderate ethanol during late gestation on acute tolerance has
not been investigated. Altered reactivity as well as the possibility
that prenatal or perinatal ethanol exposure may impair attention
and non-associative learning processes (Hunt and Phillips, 2004;
Westergren et al., 1996), imply experimental challenges for
analyzing corresponding effects on acute sensitivity and tole-
rance to ethanol. As will be explained in detail, the present study

is based on an experimental strategy that permits examination of
the relative weights of acute ethanol effects, learning processes
such habituation, and possible interactions between these
factors.

The present study examines whether behavioral sensitivity to
ethanol doses known to exert biphasic (appetitive and aversive)
motivational effects (Molina et al., 2007a) would be affected by
prenatal exposure to ethanol. Prior to behavioral assessment, a
pharmacokinetic study determined blood ethanol concentrations
in pups that differed in their prenatal history with ethanol (Ex-
periment 1). This pharmacokinetic study pursued two goals. The
first, in accord with previous metabolic studies conducted with
infant rats (Kelly et al., 1987), was to determine blood ethanol
concentrations (BECs) at the post-administration times when the
animals would be tested for spontaneous motor activity. The
intention was to evaluate whether the behavioral effects ofa given
dose of ethanol vary despite persistence of similar levels of
intoxication as operationalized through blood ethanol levels (i.e.
acute tolerance). The second goal was to examine whether BECs
accrued with different ethanol doses and at different post-
administration times would differ as a function of prenatal ethanol
treatment. This is necessary in view of recent studies reporting
minimal but still significant changes in ethanol pharmacokinetics
as a function of brief or chronic ethanol exposure during gestation
(Bhalla et al., 2005; Nizhnikov et al., 2006).

Based on the pharmacokinetic profile obtained in Experi-
ment 1, we conducted a second study focused on acute loco-
motor effects of ethanol (0.5 and 2.5 g/kg) at different post-
administration times as a function of prenatal ethanol exposure.
One set of animals was tested during the rising phase of blood
ethanol concentrations (5—10 min), when achieving peak blood
ethanol levels (30—35 min) and during a later phase of the
intoxication (60—65 min, when these levels nevertheless
remained at peak levels). A second group of animals was
evaluated only during the last two post-administration times,
while the remaining group was evaluated during only the last
period. This design, which we will term “inverted ladder” (see
Fig. 2 and Experiment 2: Methods), should allow determi-
nation of the weight of the acute effects of varying levels of
intoxication (as a function of dose and post-administration time)
while controlling for non-associative learning processes (e.g.
sensitization or habituation) that might occur during test. In
turn, these learning processes might be modulated not only by
state of intoxication, but also by prenatal ethanol exposure to the
drug.

1. Experiment 1

This experiment was conducted to determine infantile BECs
resulting from the intragastric (i.g.) administration of 0.5 and
2.5 g/kg ethanol. Blood ethanol levels were determined at 7.5,
32.5 and 62.5 min post-administration time. According to prior
studies it could be expected that after i.g. administration of
2.5 g/kg ethanol, infantile BECs at 7.5 min post-administration
time will be well below peak blood ethanol levels (Kelly et al.,
1987; Molina et al., 2007a; Pautassi et al., 2006). Peak blood
ethanol levels in these circumstances are encountered between
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30 and 90 min post-administration. In the case of the 0.5 g/kg
ethanol dose, BECs were expected to remain relatively stable
across the selected time points. The present study also pursued the
explicit intention of contrasting BECs of pups prenatally exposed
to ethanol and BECs of pups with no prior ethanol experience.

1.1. Materials and methods

1.1.1. Subjects

One hundred and eight Sprague—Dawley pups (56 females
and 52 males), representative of 12 litters were utilized. Ani-
mals were born and reared at the vivarium of the Center for
Developmental Psychobiology (Binghamton University, NY)
under conditions of constant room temperature (22+1.0 °C), on
a 12-hour light 12-hour dark cycle. Births were examined daily
and the day of parturition was considered as postnatal day 0
(PDO0). All litters were culled to 10 pups (5 females and 5 males
whenever possible) within 48 h after birth. All procedures were
in accordance with the Guide for Care and Use of Laboratory
Animals (Institute of Laboratory Animal Resources, 1996) and
the guidelines indicated by the Binghamton University handling
review committee.

1.1.2. Procedures

1.1.2.1. Maternal ethanol administration. From GD 17
through GD 20 pregnant dams received one daily intragastric
(i.g.) administration of either 0.0 or 2.0 g/kg ethanol. The
ethanol dose (2.0 g/kg) resulted from the administration of a
volume equivalent to 0.015 ml/g of body weight of a 16.8% v/v
ethanol solution. Control dams (0.0 g/kg) were administered an
equivalent volume of vehicle (water). All administrations were
performed during the morning (10:00—11:00 h).

1.1.2.2. Determination of blood ethanol concentrations
(BECs). On PD 13 pups were separated from their mothers
and quasi-randomly assigned to a given ethanol treatment (i.g.
administration of either 0.5 or 2.5 g/kg ethanol). Two pups (1
male and 1 female), representative of the same litter and ethanol
treatment, were placed in a holding maternity cage (45 x
20 %20 cm) partially filled with clean wood shavings. The floor
of the cage was maintained at 31 °C (+1 °C) through the use of a
heating pad. One hour later, body weights were individually
recorded (+0.01 g) and pups received an i.g. administration of
0.5 or 2.5 g/kg ethanol dose (volume administered was 0.015 ml/
g of body weight of a 4.2% v/v or 21% ethanol solution,
respectively). Intragastric administrations were performed using
a 10-cm length of polyethylene tubing (PE-10 Clay Adams,
Parsippany, New Jersey) attached to a 1 ml disposable syringe
equipped with a 27 Gx1/2 needle. The tubing was gently
introduced through the mouth and slowly pushed into the
stomach. The entire procedure took less than 20 s per pup.
Pups were sacrificed at 7.5, 32.5 or 62.5 min after receiving the
corresponding ethanol dose. Trunk blood was obtained following
decapitation. Blood samples were collected using a heparinized
capillary tube. They were immediately centrifuged (6.000 rpm;
Micro-Haematocrit Centrifuge, Hawksley & Sons LTD, Sussex,

England) and stored at —70 °C. BECs were determined using an
AMI1 Alcohol Analyzer (Analox Instruments, Lunenburg, MA).
Calculation of BECs was made by oxidating ethanol to
acetaldehyde in the presence of ethanol oxidase. The apparatus
measures the rate of oxygen required by this process, which is
proportional to ethanol concentration. BECs were expressed as
milligrams of ethanol per deciliter of body fluid (mg/dl=mg%).

1.1.3. Data analysis

BECs were analyzed by means of a 2 [prenatal ethanol
treatment (0.0 or 2.0 g/kg)] x 2 [postnatal ethanol treatment (0.5 or
2.5 g/kg)]x3 [post-administration time (7.5, 32.5 or
62.5 min)]x2 [gender (male or female)] between factor
ANOVA. Significant main effects or interactions were further
analyzed through post-hoc tests (Newman—Keuls test with a Type
I error set at 0.05).

1.2. Results

Fig. 1 depicts the pharmacokinetic profiles defined by pre-
and postnatal ethanol treatment and post-administration time.
The corresponding ANOVA revealed significant main effects of
post-administration time [F(2,84)=22.19, p<0.001] and post-
natal ethanol treatment [F(1,84)=747.54, p<0.001]. The inter-
action between these factors also exerted a significant effect,
(2,84)=27.80, p<0.001. As could be expected, at all post-
administration times, the 2.5 g/kg ethanol dose resulted in
significantly higher BECs relative to those obtained when
employing 0.5 g/kg ethanol. In addition, BECs corresponding to
the higher ethanol dose significantly varied as a function of
post-administration time. BECs at 7.5 min were significantly
lower than those encountered at 32.5 and 62.5 min. The values
recorded during these last two time points (32.5 and 62.5 min)
were very similar. BECs derived from the administration of
0.5 g/kg ethanol were low and stable across all post-ad-
ministration times. Prenatal ethanol treatment did not exert a
significant main effect nor did it interact with any of the
remaining factors. No significant effect of gender or interaction
with the remaining factors was found in terms of BECs.

In summary, infantile blood ethanol levels did not vary
significantly as a function of prenatal exposure to the drug. BECs
differed only as a function of ethanol dose, post-administration
time and the interaction between these factors. With 0.5 g/kg
ethanol, BECs were stable across time and always lower than
those observed with 2.5 g/kg ethanol. With 2.5 g/kg BECs at 32.5
and 62.5 min were equivalent and higher than those recorded soon
after administration (7.5 min). In accord with previous studies, the
levels attained 30—60 min following administration of 2.5 g/kg
ethanol represent peak values (Kelly et al., 1987; Lopez et al.,
1996; Molina et al., 2007a; Pautassi et al., 2006).

2. Experiment 2

The pharmacokinetic profile established in Experiment 1
enabled us to conduct a behavioral study meant to determine
infantile acute sensitivity to ethanol (0.5 or 2.5 g/kg) in terms of
motor activity patterns as a function of prenatal experience with
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Fig. 1. Blood ethanol concentration (mg %) as a function of prenatal (0.0 or 2.0 g/kg) and postnatal (0.5 or 2.5 g/kg) ethanol treatments, and post-administration time

(7.5, 32.5 or 62.5 min). Vertical lines illustrate standard errors of the means.

the drug. To our knowledge, there are no previous studies
analyzing locomotor effects of ethanol in preweanling hetero-
geneous rats. In adult heterogeneous rats, ethanol’s stimulant
effects have been rarely reported and what seems to predo-
minate in the intoxicated adult rat is the drug’s motor sup-
pressing effect, even when employing ethanol doses below
2.0 g/kg (Chuck et al., 2006; Erickson and Kochhar, 1985;
Salamone et al., in press). In rat strains selectively bred for
ethanol ingestion the activating effect of ethanol has been
consistently observed when employing ethanol doses below
1.0 g/kg (Agabio et al., 2001; Krimmer, 1991; Paivarinta and
Korpi, 1993; Quintanilla, 1999; Rodd et al., 2004; Waller et al.,
1986). As mentioned, preweanling rats show a marked
sensitivity to the biphasic reinforcing effects of ethanol during
the course of an acute intoxication (Molina et al., 2007a,b), and
also, they seem to be more predisposed to display heightened
ethanol intake patterns than in later stages of development
(Sanders and Spear, 2007). If sensitivity to ethanol’s effects
upon locomotor activity is associated with the sensitivity to the
reinforcing properties of the drug, it is plausible that ethanol
exerts biphasic locomotor effects in preweanling rats.
Locomotion was evaluated during the rising phase of the
blood ethanol curve or when BECs reached peak values. Beyond
estimating the impact of prenatal ethanol experiences upon loco-
motor effects induced by ethanol, the present experiment was
intended to: (a) determine whether the ethanol doses admini-
stered during infancy exert primarily activating, sedative or
biphasic locomotive effects, (b) analyze these effects inde-
pendently of the effects of progressive familiarization with the
testing context and (c) test the development of acute tolerance at
post-administration times where BECs remain high and stable.

2.1. Materials and methods
2.1.1. Subjects

One hundred and ninety nine preweanlings (96 females and
103 males), representative of 27 litters were tested. Breeding

and housing conditions of these animals were the same as those
described in Experiment 1.

2.1.2. Procedures

2.1.2.1. Maternal ethanol administration. Pregnant dams
(GDs 17-20) were either treated with vehicle (0.0 g/kg ethanol)
or cthanol (2.0 g/kg), with the same i.g. procedures used in
Experiment 1.

2.1.2.2. Locomotor activity assessment. Locomotor activity
was tested on postnatal day 13 (PD13) after pups were intra-
gastrically administered with 0.0, 0.5 or 2.5 g/kg ethanol. Be-
havioral activity was evaluated in square Plexiglas containers
(10x10%12 cm). The floor of these containers was lined with
sandpaper (coarse: 60, Gatorgrid, USA). A new sheet of sand-
paper was employed for each animal. A circuit board (2-cm in
width) surrounded the four sides of each chamber. This board had
six infrared photo emitters and six infrared photo-receptors. The
photo beams crossed the chamber generating a matrix of nine
cells that allowed measurement of overall amount of activity.
Custom-made software served to analyze the number of beams
crossed by each subject every 10th of a second. Each activity test
had a total duration of 5 min. Data was collapsed using 1-min
bins.

Motor activity was registered at different post-administration
times: 5—10 min (Early, E), 30—35 min (Intermediate, I) and/or
60—65 min (Late, L). The experimental groups are named in
terms of the post-administration intervals at which they were
tested. One third of the animals corresponding to each prenatal
treatment were sequentially evaluated during all post-adminis-
tration intervals (5—10, 30—35 and 60—65 min; group E-1-L).
Another third were tested only during the last two post-
administration periods (30—35 and 60—65 min; group I-L) while
the remaining subjects were tested only at post-administration
time 60—65 min. (group L). Fig. 2 depicts treatment and testing
conditions that define the experimental design, which we will
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PRENATAL TREATMENT
Gestational days 17-20
Ethanol (0.0 or 2.0 g/kg, i.g.)

Testing Post-administration time

Condition 5-10 min 30-35 min 60-65 min

Group E-I-L B c

POSTNATAL TREATMENT
Postnatal day 13
Ethanol (0.0, 0.5 or 2.5 g/kg, i.g.)

Group I-L D E
Group L F

E,Early
1, Intermediate
L, Late

Fig. 2. Prenatal (0.0 or 2.0 g/kg) and postnatal (0.0, 0.5 or 2.5 g/kg) ethanol treatments and testing conditions that define the design under consideration. Given the
structure of the design we will refer to it as “inverted ladder”. One third of the animals corresponding to each prenatal treatment were sequentially evaluated at 5—10,
30-35 and 60—65 min [group early—intermediate—late (E-I-L)]. Another third were tested only during the last two post-administration periods [30-35 and 60—
65 min; group intermediate—late (I-L)] while the remaining subjects were tested only at post-administration time 60—65 min. [group late (L)].

refer to as “inverted ladder design”. This design allows tests of
the effects of post-administration time with or without prior
habituation to the testing apparatus.

One hour prior to the behavioral test, pups representative of
each prenatal treatment (0/0 or 2.0 g/kg ethanol) were separated
from their mothers and quasi-randomly assigned to one of the
nine independent groups defined by the following between
factors: postnatal ethanol treatment (0.0, 0.5 or 2.5 g/kg) and
testing condition (E-I-L, I-L or L). The quasi-random
distribution allowed us to avoid litter and gender overrepresen-
tation in any given group (Holson and Pearce, 1992). Table 1
summarizes the number of pups assigned to each treatment
condition and the body weights of the animals that were tested.

Pups assigned to a given postnatal ethanol treatment were
kept in a holding maternity cage (45 x 20 x 20 cm) partially filled
with clean wood shavings. The floor of the cage was maintained
at 27 °C (1 °C) through the use of a heating pad. One hour later
body weights were individually recorded (£0.01 g) and pups
were given 0.0, 0.5 or 2.5 g/kg ethanol.

Behavioral evaluations started by gently placing each pup in
the center of the activity chamber. After completion of each 5-
min test, pups were returned to the holding cages. Once all
testing procedures were completed, infants were returned to
their biological mothers.

2.1.3. Design and data analysis

As previously stated, not all pups were tested at each specific
post-administration time. Group E—I-L was tested 5-10, 30-35
and 60—65 min following postnatal drug treatment. Group I-L

was tested only during the two last time intervals while group L
was tested only during the last post-administration time. This
obviously implies that when considering this independent var-
iable and the categories that define it, we are not dealing with a
simple factorial design. Taking this into consideration, different
statistical approaches were utilized to answer the specific quest-
ions under examination. In each subsection of the Results we will

Table 1

Body weights and number of pups assigned to each group as a function of
prenatal (0.0 or 2.0 g/kg) and postnatal (0.0, 0.5 or 2.5 g/kg) ethanol treatments
and testing conditions that define the design of Experiment 2

Prenatal ethanol Postnatal ethanol ~ Testing Body weight PD N
treatment treatment condition 13 (g)

0.0 gkg 0.0 g/kg E-1-L 36.76 12

I-L 35.77 9

L 36.51 10

0.5 g/kg E-I-L 36.95 11

I-L 36.63 9

L 37.25 10

2.5 g/kg E-I-L 36.73 11

I-L 36.64 11

L 36.82 9

2.0 g/kg 0.0 g/kg E-I-L 36.40 13

I-L 36.16 13

L 36.23 11

0.5 g/kg E-I-L 35.82 13

I-L 3591 11

L 36.07 11

2.5 g/kg E-I-L 36.99 12

I-L 37.02 13

L 36.42 10
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specify the phenomenon under analysis and how the data were
processed for inferential purposes. The general statistical strategy
consisted in the use of mixed ANOVAs that included the most
pertinent groups in order to answer a specific question.
Preliminary analysis did not find significant effect of gender
or interaction with the remaining factors under consideration. In
order to simplify the statistical processing of the data, activity
scores were collapsed across gender. Prenatal (0.0 or 2.0 g/kg)
and postnatal (0.0, 0.5 or 2.5 g/kg) ethanol treatments were
included as between factors in all statistical analyses. Testing
condition (E-I-L, I-L or L) also was a between factor when
comparing motor activity scores of animals tested for the first
time. Hence, the scores under consideration for group E-I-L
are those corresponding to the first post-administration interval
(E: 510 min), the values under consideration for group I-L are
those obtained during post-administration time 30—35 min, and
scores of group I are those from the last testing interval (60—
65 min). Testing condition also was a between factor for
analysis of locomotor activity scores at 60—65 min post-
administration time. In this case, the “between factor” alludes to
amount of experience with the test environment prior to being
tested at 60—65 min. In other words, group E—-I-L had two prior
exposures to the testing environment, group I-L had only one
exposure and group L had no prior exposure. Post-administra-
tion time was treated as a within factor only when examining
performance of the same group of animals across tests, centered
in the performance of pups assigned to group E-I-L (i.e., the
only group evaluated at each of 5—10, 30—35 and 60—65 min).
The dependent variable under examination in all cases was
general motor activity as operationalized through the number of
infrared beams interrupted by each pup per minute. In all the
ANOVA’s, each of the 5 min of the test served as a repeated
measure. Significant main effects or interactions indicated by
the ANOVAs were further analyzed through post-hoc tests
(Newman—Keuls test with a Type I error set at 0.05).

2.2. Results

2.2.1. Body weights

A 3-way between ANOVA (prenatal ethanol treatment X
postnatal ethanol treatment X testing condition) was used to
process body weights of the animals prior to behavioral testing
procedures. This ANOVA did not detect significant main effects
or interactions (Table 1).

2.2.2. Locomotor activity

Fig. 3a and b depicts the behavioral profiles of all groups as a
function of prenatal ethanol exposure. In accordance with
specific questions under examination, additional graphs will be
provided to illustrate significant main effects or interactions
corresponding to each result’s subsection.

2.2.3. Effects of ethanol upon motor activity at different post-
administration times: Within-group analysis (statistical com-
parisons of cells A, B and C, see Fig. 2)

In this analysis we included only those subjects that were
sequentially evaluated during the course of the toxic state

(group E—I-L). This provides an overall perspective of etha-
nol’s effects on motor activity at the different post-administra-
tion times without specifically controlling for non-associative
learning processes (e.g. habituation) that may occur due to
repeated exposure to the testing environment.

A 4-way mixed ANOVA was employed. Prenatal (0.0 or
2.0 g/kg ethanol) and postnatal (0, 0.5 or 2.5 g/kg ethanol)
ethanol treatments represented the between factors under con-
sideration while post-administration interval (5-10, 30-35 and
60—65 min) and minutes in each test (1-5 min) were included
as within factors. This analysis indicated significant main effects
of post-administration interval [F(2,132)=58.43, p<0.001],
minute [F(4,264)=11.35, p<0.001] and prenatal ethanol treat-
ment [F(1,66)=7.77, p<0.01]. Pups prenatally exposed to etha-
nol exhibited higher levels of activity than those given only water
during late gestation (see Fig. 4). Prenatal treatment did not interact
with any of the remaining factors under consideration. The overall
ANOVA also indicated that the following interactions were sig-
nificant: postnatal ethanol treatment x post-administration interval
[F(4,132)=6.55, p<0.0005], postnatal ethanol treatment xminute
[F(8,264)=2.75, p<0.01] and post-administration interval x mi-
nute [F(8.528)=14.99, p<0.001]. Post-hoc tests indicated that in
the early interval (5—10 min) activity levels during the first 2 min
were significantly higher than those observed during the following
3 min. This difference was not observed during subsequent post-
administration intervals. It is also notable that levels of activity
during the first 4 min of the initial testing interval (5—10 min) were
significantly higher than those recorded during the first 4 min of the
subsequent tests (30—35 and 60—65 min). These results appear to
indicate some level of habituation occurring during the course of
the first test and its persistence during the last two evaluations (see
Figs. 3a and b).

The remaining significant interactions were further analyzed
through follow-up ANOVAs since there is no unambiguous way
to determine the error term for post-hoc comparisons involving
between—within interactions. In the case of the interaction bet-
ween postnatal ethanol treatment and post-administration in-
terval we conducted one-way between-group ANOVAs to
examine the effects of ethanol dose at each post-administration
time. These ANOVAs indicated no effects of postnatal ethanol
treatment during the first (5—10 min) and last (60—65 min)
testing sessions. In the intermediate post-administration interval
(30—-35 min) there was a significant effect of dose [F(2,135)=
25.75, p<0.001]: pups receiving 2.5 g/kg ethanol had less
activity than infants treated with vehicle or a lower ethanol dose
(see Fig. 5).

Additional one-way ANOVAs were conducted to further
clarify the effect of each particular ethanol dose (0.0, 0.5 or
2.5 g/kg) across post-administration intervals. These post-hoc
tests among pups treated with any of the three doses showed
activity scores higher during the first post-administration
interval than in the last two. Furthermore, with 2.5 g/kg etha-
nol, levels of activity at 60—65 min were significantly higher
than those recorded in the preceding test (30—35 min; see also
Fig. 5). This result suggests recovery of activity levels within
the state of intoxication despite the fact that BECs remain high
and stable, implying acute tolerance.



C. Arias et al. / Pharmacology, Biochemistry and Behavior 89 (2008) 608—622

614

sanuA

uIW §9-09 :[BAIIIUI UOHEASIUILPE-)SOd

S 4 € z L
0
Lot
Loz
- oe
I/FII/I
- or
Fos
- 09
Bybsze oL
By6s0=
BB 00~ Lo
ulw §9-09 :|EAI3JUI UOHENSIUIWPE-}SOd
SanuIW
S 4 g z L
. . L 0
‘\0\\\\/ ol
0z
!\\\-/-H\\\\\\\\\\-.l\\“n oe
| or
\ ) 0s
03
Bybsze oL
By6go-m
B4/6 00+ o8
Ul §9-09 :[BA3)UI UOHEAISIUIIPE-}SOd
sanuy
s v € z 3
0
ot
oz
0g
or
05
09
BUBSZ 0z
bwbso =
636 00 <~ 08

syealq weaq J0 JaquinN syealq weaq Jo JaquinN

s)yealq Wesq J0 Jaquiny

1 dnouas

sanuiy

b5 ze
By6gom
BB o0~
ulw §¢-0¢ :|BAISUI UOljRIISIUIWpPE-}SOd
sanuIw
S 4 € z L

bibsze
Bbcom
BB 00 <+

ulw §¢-0¢ :[eAI2IU| UONRI}S|UIWpPE-1SOd

JI)JBAA :JUAUIIBII) [BIRUAL]

s)ealq Weaq Jo Jaquiny

S)yeaiq Weaq Jo JaqunN

-1 dnoany
sajnuy
S 4 £ z !
Bybsz-e
6y6 g0 =
66 0’0~

Ul 0}-G :[BAIBIU LONEASIUIWIPE-ISOd

L]

0L

08

s)yealq weaq Jo JaquinN

T1-1-4 dno.an



Post-administration interval: 5-10 min

-+ 0.0 g/kg
80 4 = 0.5 g/kg
n *25gkg
== 70
3
=
o 60
£ 50 4
o
Group E-I-L. 2«
B T
- 30 4
3
204
5
=z 10
o T T u J
1 2 4 5
Minutes

Fig. 3. (a) and (b): Overall behavioral profiles as a function of prenatal (0.0 or 2.0 g/kg) and postnatal (0.0, 0.5 or 2.5 g/kg) ethanol treatments, and testing conditions [early—intermediate—late (E-I-L), intermediate—late (I-L) or
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Fig. 4. Locomotor activity as a function of prenatal (0.0 or 2.0 g/kg) and postnatal (0.0, 0.5 or 2.5 g/kg) ethanol treatments in pups from group early—intermediate—late
(E-I-L). Data are collapsed across minutes and post-administration interval. The ANOVA revealed a significant effect of prenatal ethanol treatment. Vertical lines

illustrate standard errors of the means.

The basis of the interaction between postnatal ethanol treat-
ment and minute was also analyzed through subsequent one-
way ANOVAs. A significant effect of postnatal ethanol treat-
ment was observed only during the last minute of the test. Pups
treated with the highest ethanol dose exhibited lower levels of
activity than subjects treated with vehicle or 0.5 g/kg ethanol,
suggesting the onset of sedation.

In summary, prenatal ethanol exerted a significant effect on
infantile motor activity independent of postnatal administration

250 4
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100 4

Number of beam breaks
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510

of the drug. This effect suggests a tendency for hyperactivity
among pups prenatally exposed to ethanol. The results also
indicated the development of habituation across tests and a
marked sedative effect of the higher ethanol dose (2.5 g/kg) at
30—35 min. It is important to mention that at 60—65 min, pups
treated with this relatively high ethanol dose showed higher
activity levels than those registered in the earlier testing trial.
This effect suggests development of acute behavioral tolerance
to ethanol’s motor suppressing effects, since BECs at 30—35

00.0 g/kg
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W2.54g/kg

60-65
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Post-administration interval

Fig. 5. Locomotor activity as a function of postnatal ethanol administration (0.5 or 2.5 g/kg) and post-administration interval (5-10, 30-35 and 60—65). In this figure
we included only data from group E-I-L. Data are collapsed across minutes and prenatal ethanol treatment. The ANOVA revealed a significant interaction between
postnatal ethanol treatment and post-administration time. Vertical lines illustrate standard errors of the means.
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and 60—65 min were found to be equivalent (see Experiment 1).
Behavioral habituation also occurred in all groups. So it is
difficult to be certain whether the absence of a dose effect
during the last test (60—65 min) is due to acute tolerance in the
2.5 g/kg ethanol group or to lower levels of activity at this post-
administration interval due to habituation.

2.2.4. Effects of ethanol upon motor activity at different post-
administration times: Between-group analysis (statistical com-
parisons of cells A, D and F; see Fig. 2)

The experimental design allows comparison of behavioral
effects of different ethanol doses as the toxic states proceed
temporally, independently of habituation to the test that can
otherwise confound these effects. The present statistical ap-
proach focuses on initial responsiveness to a novel context while
systematically varying post-administration time. Hence, the data
in this analysis are from the first test of E-I-L, I-L and L pups,
which were tested following ethanol administration at 5-10, 30—
35 or 60—65 min, respectively. A mixed ANOVA served to
process this information. The between factors were: prenatal
ethanol treatment (0.0 or 2.0 g/kg ethanol), postnatal ethanol
treatment (0.0, 0.5 or 2.5 g/kg), and testing condition (E-I-L, I-
L or L). Minutes of test served as a repeated measure.

As can be observed in Fig. 3a and b, motor activity patterns
in pups treated with 0.0 and 0.5 g/kg were very similar. In these
animals it appears that habituation occurred within each testing
trial; i.e. pups were more active during the first minutes of the
test and gradually declined in activity with passage of time.
Pups treated with the highest ethanol dose (2.5 g/kg) seemed to
differ from both vehicle controls and pups treated with 0.5 g/kg
ethanol, with significantly higher levels of activity immediately
after drug administration (5—10 min post-administration time).
This effect appears to be particularly evident during the first few

250 7

200 ~

150 A

100 A

Number of beam breaks

50 -

minutes of this test period. In contrast, when ethanol reached
peak levels (30—35 min) the 2.5 g/kg ethanol dose induced
markedly lower activity levels than the other groups. This
sedation-like effect seems to be of a lesser magnitude during a
subsequent post-administration time (60—65 min) at which
BECs remained at peak levels.

These observations were confirmed by the corresponding
inferential analysis. The ANOVA revealed significant main effects
of the following factors: postnatal ethanol treatment [F(2,181)=
12.70, p<0.001] and minute within each test [F(4,724)=29.92,
p<0.001]. The following two-way interactions also achieved sta-
tistical significance: postnatal ethanol treatment x testing condition,
[F(4,181)=11.09, p<0.001], testing condition x minute [F(8,724)=
6.27, p<0.001] and prenatal ethanol treatment x testing condition
F(2,181)=3.09, p<0.05. The 3-way interaction comprising post-
natal ethanol treatment, testing condition and minute also attained
significance, [F(16,724)=2.33, p<0.005]. Post-hoc tests indi-
cated that, independently of the postnatal ethanol treatment,
pups prenatally exposed to ethanol (condition E—I-L when
tested in the early phase) exhibited significantly higher levels
of motor activity than pups prenatally treated with only water
(see Fig. 6). In addition, pups prenatally treated with ethanol
showed higher activity scores when they were tested 5—10 min
after receiving the i.g. administration (Group E—I-L) than
when they were evaluated for the first time at 30—35 or 60—
65 min (Groups I-L and L), whereas prenatal water treated
controls did not differ in activity between testing conditions
(see also Fig. 6).

To determine the loci of the significant 3-way interaction,
follow-up 2-way ANOVAs (postnatal ethanol treatment X mi-
nute) were performed for each post-administration time. Im-
mediately following drug administration (5—10 min) there was a
significant main effect of minute tempered by a significant effect

O Prenatal water
M Prenatal ethanol

E-I-L (5-10 min)

I-L (30-35 min)

L (60-65 min)

Testing condition

Fig. 6. Locomotor activity as a function of prenatal ethanol treatment (0.0 or 2.0 g/kg) and testing condition [early—intermediate—late (E—I-L), intermediate—late (I-L)
or late (L)]. Data are collapsed across minutes and postnatal ethanol administration. The data included in this picture are from the first test of E-I-L, I-L and L groups.
The ANOVA revealed a significant interaction prenatal ethanol treatment by testing condition. Vertical lines illustrate standard errors of the means.
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of the interaction comprising this factor and postnatal ethanol
treatment [F(4,276)=39.28, and F(8,276)=3.78, both p<0.0005;
respectively]. In additional one-way follow-up ANOVAs, the
effect of ethanol dose was tested across minutes. Independently
of ethanol dose, motor activity was significantly higher (p<
0.001 in each dose) during the first 2 min than during the last
2 min. In other words, motor activity progressively decreased
during the course of the test. One-way ANOVAs comparing the
effects of ethanol dose within each minute revealed a signi-
ficant effect of postnatal treatment only during the first 2 min of
the test (»p<0.05). According to the corresponding post-hoc
tests, pups treated with 2.5 g/kg ethanol exhibited significantly
more activity 5—10 min after ethanol administration than counter-
parts treated with vehicle or a lower ethanol dose (0.5 g/kg; see
Fig. 7).

The 2-way ANOVA corresponding to the second post-
administration interval (30—35 min) indicated significant main
effects of postnatal drug treatment and minutes, [F(2,63)=32.49
and F(4,252)=8.72, respectively, both p’s<0.001]. Post-hoc
tests showed that pups treated with 2.5 g/kg ethanol displayed
significantly lower activity levels than pups receiving the alter-
native doses. Activity during the last 2 min of the test was lower
that of preceding minutes. During the 60—65 min test, the 2-way
ANOVA revealed only a main effect of dose, F(2,58)=3.76,
p<0.05. Post-hoc tests showed that pups treated with 2.5 g/kg
ethanol had significantly lower activity scores than pups given
0.5 g/kg ethanol or water (see Fig. 7).

To further examine the 3-way interaction comprising
postnatal ethanol dose, testing condition and minute we con-
ducted follow-up 2-way ANOVAs for each postnatal ethanol

70 7 Condition E-I-L

Condition I-L

Condition L

--0.0 g/kg
= 0.5g/kg
+2.50q/kg

Number of beam breaks

10 A

12 3 45 123 45 123 45

Minutes

Fig. 7. Locomotor activity as a function of postnatal ethanol administration (0.5
or 2.5 g/kg) and testing condition [early—intermediate—late (E—I-L), inter-
mediate—late (I-L) or late (L)]. The activity scores included in this figure are
from the first test of E-I-L, I-L and L groups. Data are collapsed across
prenatal ethanol treatment. The ANOVA revealed a significant interaction
between postnatal ethanol treatment, testing condition and minutes. Vertical
lines illustrate standard errors of the means.

treatment. This strategy should also allow a test of acute
tolerance to ethanol by contrasting motor performance at 30—35
and 60—65 min, time intervals at which BECs were equivalent.
In the case of pups treated with vehicle or 0.5 g/kg ethanol, only
minutes exerted significant effects, F(4,260)=9.19, p<0.001
and F(4,248)=11.77, p<0.001, respectively (see Fig. 7). Acti-
vity was higher during the first 3 min of the test than during the
last 2 min. The statistical profile obtained in the case of infants
treated with 2.5 g/kg ethanol was different. In this case, the main
factors minutes as well as testing condition exerted significant
effects, F(4,252)=11.28 and F(2,63)=18.79, respectively, both
p’s<0.001. Post-hoc tests showed that within each post-
administration interval, motor activity scores varied in a similar
way as when examining the effects of vehicle or 0.5 g/kg
ethanol, i.e. activity scores were higher during the first 3 min of
the test than during the last 2 min. Furthermore, post-hoc
comparisons indicated that activity levels were significantly
higher 5—10 min after ethanol administration (group E—I-L)
than after 30—35 min (group I-L) or 60—65 min (group L).
Interestingly, activity scores in group I-L (30—35 min) were
significantly lower than those in group L (60—65 min).

In summary, the present statistical strategy was meant to
examine effects of different ethanol doses at different post-
administration times while avoiding confounding by differential
duration of exposure to the testing environment. Prenatal ethanol
exposure was found to generate high levels of activity soon after
postnatal administration procedures. This effect was indepen-
dent of postnatal ethanol dose and was not observed during later
stages of the acute state of intoxication. It also became clear that
pups treated with 2.5 g/kg ethanol exhibited higher levels of
activity during the early stage of the intoxication than pups
treated with vehicle or a lower ethanol dose (0.5 g/kg). This
effect rapidly subsided and during later stages of the toxic state,
the highest ethanol dose induced motor sedative effects. In turn,
this sedative effect was more pronounced at 30—35 min than at
60—-65 min post-administration time. Because BECs were
similar across these post-administration intervals (see Experi-
ment 1), the significant activity differences between these
intervals probably reflect the process of acute tolerance.

2.2.5. Effects of infantile ethanol intoxication and varying
levels of experience with the testing environment (statistical
comparison of cells C, E and F; see Fig. 2)

The goal of the present statistical approach is to compare
ethanol’s psychomotor effects as a function of prenatal treatment
and differential levels of experience with the testing chamber.
We explicitly compared motor activity levels during the last
post-administration time (60—65 min) as a function of prenatal
and postnatal ethanol treatment and testing condition. In this
analysis, testing condition provides the opportunity to weigh the
role of varying levels of testing experience in psychomotor
activity patterns. The ANOVA was defined by 3 between factors
(prenatal and postnatal ethanol treatments, and testing condition)
and by a within factor represented by minutes during the test.
This analysis indicated significant main effects of postnatal
ethanol treatment and testing condition, [F(2,181)=9.41,
p<0.0005, and F(2,181)=16.86, p<0.001, respectively]. The
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Fig. 8. Locomotor activity as a function of postnatal ethanol administration (0.5 or 2.5 g/kg) and testing condition [early—intermediate—late (E-I-L), intermediate—late
(I-L) or late (L)]. In this picture has been taking into account activity data collected at 60—65 min. Data are collapsed across minute and prenatal ethanol treatment. The
ANOVA revealed a significant interaction between postnatal ethanol treatment and testing condition. Vertical lines illustrate standard errors of the means.

interaction between postnatal ethanol treatment and testing
condition also achieved significance, F(4,181)=2.78, p<0.05.
Post-hoc tests revealed that the number of prior experiences with
the testing environment was a critical factor determining activity
rates (see Fig. 8). Pups administered 0.0 or 0.5 g/kg ethanol that
had being tested twice before (group E-I-L) exhibited
significantly lower activity scores than pups treated with the
same dose but never tested before (group L) or tested only once
before (group I-L). In addition, pups administered 2.5 g/kg
ethanol, whether tested for the first or second time exhibited
significantly lower scores than those given 0.5 g/kg ethanol or
water. These dose-related differences were not observed when
infants had two prior testing experiences.

In summary, the results confirm the development of be-
havioral habituation as a function of progressive experience
with the testing environment, as well as the importance of
exerting stimulus control over habituation in testing behavior at
different points following ethanol administration. The sedative
effects of the highest ethanol dose (2.5 g/kg) were clearly
detectable 60 min after ethanol administration when the testing
environment is completely or relatively novel for the organism.
Behavioral habituation resulting from additional experience
with the testing environment (in this case, two prior tests) also
produced a marked decrement in locomotion that impeded
conclusions regarding the sedative effects of the drug. Finally,
the results suggest that ethanol exposure during late gestation
does not affect rate of behavioral habituation or sensitivity to the
sedative effects of a relatively high ethanol dose.

3. General discussion
The present study was conceived to analyze the impact of

moderate ethanol exposure (2.0 g/kg) during late gestation (GDs
17 to 20) upon postnatal sensitivity to acute ethanol. We tested

whether motor activity patterns induced by low and high ethanol
doses known to exert biphasic motivational effects in preweanl-
ing rats (Molina et al., 2007a) would be affected by this moderate
prenatal ethanol treatment. The lower dose employed in the
present study (0.5 g/kg) did not exert sedation or stimulation in
any time point within the course of intoxication. In contrast, the
higher ethanol dose employed (2.5 g/kg) exerted biphasic loco-
motor effects. Soon after ethanol administration this relatively
high ethanol dose increased motor activity, whereas in latter
stages of the intoxication process (30—35 and 60—65 min) the
same ethanol dose decreased locomotion. Prenatal ethanol treat-
ment did not affect sensitivity to the acute motor activity effects
induced by this relatively high ethanol dose at any post-ad-
ministration interval.

Late gestational exposure to ethanol is sufficient to increase
subsequent affinity for ethanol ingestion and responsiveness to
stimuli that predict post-absorptive effects of the drug. These
effects are partially regulated by fetal learning comprising
ethanol’s chemosensory cues and the contingency between these
cues and ethanol’s post-absorptive effects (Chotro et al., 2007;
Molina et al., 2007b; Spear and Molina, 2005). In animal models
of Fetal Alcohol Syndrome, in which animals are chronically
exposed to high ethanol doses in utero, marked behavioral and
physiological changes in response to an ethanol challenge have
been observed. These changes may also affect ethanol intake
patterns. For example, prenatal ethanol exposure results in
heightened behavioral sensitivity to the stimulatory effects of
ethanol in mice (Becker et al., 1993) and resistance to the drug’s
thermoregulatory disruptions in rats (Abel et al., 1981; Molina
et al., 1987). According to the present study, brief exposure to a
moderate ethanol dose during late gestation does not affect
infantile sensitivity to either the drug’s stimulatory or sedative
effects or the development of acute tolerance. This modality of
ethanol administration during late pregnancy results in increased
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perinatal sensitivity to ethanol’s sedative effects (Chotro and
Spear, 1997). According to the present results this effect is no
longer present in a later stage of ontogenetic development.

The only effect attributable to ethanol exposure during late
gestation observed in this study was heightened behavioral acti-
vity at testing. This effect was observed only in infants prenatally
exposed to ethanol that were evaluated soon after being intra-
gastrically administered with either vehicle or ethanol (see Figs. 4
and 6). When testing occurred 30 or 60 min after administration,
prenatal ethanol treatment did not affect locomotion patterns (see
Figs. 4 and 7). These results argue in favor of heightened reactivity
to a stressor as a function of prior late gestational exposure to
ethanol. Recent research indicates that preweanlings show
behavioral signs of distress (increased ultrasound emissions)
after being intragastrically or intraperitoneally administered with
an apparently innocuous substance such as physiological saline
(Pautassi et al., 2007). In prior studies we have observed similar
phenomena. This effect was encountered soon after birth when
animals were stimulated with a distinct olfactory cue (Chotro and
Spear, 1997; Dominguez et al., 1996). Interestingly, and also in
accordance with the present results, this interaction between
prenatal ethanol and postnatal stress did not affect habituation:
prenatally exposed animals in the present study were capable of
exhibiting progressive decrements in locomotion as a function of
repeated experiences with a novel environment.

Hyper-reactivity to various stressors as a function of prenatal
ethanol exposure has been documented in both human and
preclinical research (for a recent review see Zhang et al., 2005).
Ethanol prenatal treatment effectively disrupts the physiological
balance of the hypothalamic-pituitary-adrenal axis yielding a
particular sensitivity to a variety of environmental stressors;
among others, novel events and experimental manipulations
such as handling and administration procedures. Apparently, the
moderate prenatal ethanol treatment employed here is sufficient
to induce hyper-reactivity. It remains to be determined if the
neuroendocrinological bases of this phenomenon are homo-
logous to those reported in the case of chronic exposure to
relatively high ethanol doses during the course of pregnancy.

Independently of prenatal treatment, the highest ethanol dose
employed here (2.5 g/kg) exerted biphasic motor effects. During
the rising phase of the blood ethanol curve, almost immediately
after drug administration, pups receiving 2.5 g/kg ethanol
exhibited significantly higher levels of activity than pharmaco-
logical controls. This effect rapidly subsided (Fig. 7). This rapid
drop in activity rates may be explained by rapid habituation
occurring during the test session or emergence of sedative
effects induced by this relatively high ethanol dose. The
sedative effects were clearly observed 30 min following
administration, when BECs reach peak levels. In the case of
rat strains genetically selected for ethanol affinity or sensitivity
to the drug’s reinforcing properties [Alcohol-preferring (P),
High-alcohol-drinking (HAD), Sardinian-alcohol-preferring
(sP), Alcohol-preferring (AA) and UChA rat strains], stimulat-
ing motor effects of ethanol have been consistently observed
(see Agabio et al., 2001; Krimmer, 1991; Paivarinta and Korpi,
1993; Quintanilla, 1999; Rodd et al., 2004; Waller et al., 1986).
These activating effects have been primarily detected with low

ethanol doses (normally below 1.0 g/kg). In genetically
heterogenous rats ethanol’s activating effects have been rarely
reported, and what seems to predominate is motor suppression
(Chuck et al., 2006; Erickson and Kochhar, 1985; Salamone
et al., in press). When focusing on the ontogeny of genetically
heterogenous rats, recent studies consistently indicate heigh-
tened affinity for ethanol ingestion and marked sensitivity to
ethanol’s reinforcing properties during early stages in develop-
ment (Chotro et al., 2007; Molina et al., 2007b; Spear and
Molina, 2005).

It has been recently reported that Sprague—Dawley infants
similar to those in the present study consume, without the need
of initiation procedures, high amounts of ethanol (Sanders and
Spear, 2007; Truxell and Spear, 2004). These animals have also
been observed to readily manifest biphasic motivational proper-
ties of ethanol. When given a relatively high ethanol dose (2.0 g/
kg) pups detect ethanol’s reinforcing properties soon after its
intragastric administration. Thirty minutes later aversive effects
are predominant (Molina et al., 2007a; Pautassi et al., 2002).
This time course of ethanol’s motivational properties coincides
with the biphasic (activating and sedative) effects obtained with
2.5 g/kg ethanol in the present study. The temporal coincidence
between biphasic motivational and locomotor effects seems to
argue in favor of the hypothesis that similar mechanisms un-
derlie these processes (Risinger and Cunningham, 1992; Wise
and Bozarth, 1987). Nevertheless, it is important to note that the
lower dose here utilized (0.5 g/kg) was not observed to exert
motor activating effects even though it is sufficient to act as a
positive or negative (anti-anxiety) reinforcer in the developing
infant (Molina et al., 2006; Pautassi et al., 2005, 2007). As a
function of these considerations it appears that the results of the
present study and those derived from the analysis of ethanol’s
early motivational effects partially support the hypothesis for
common mechanisms underlying ethanol’s reinforcement and
activating effects. These considerations also imply that specific
stages in ontogeny may represent an appropriate experimental
niche, alternative to genetic and phylogenetic approaches, for
the analysis of mechanisms regulating drug-related motor and
motivational effects.

The design of Experiment 2 also permitted the observation of
apparent acute tolerance within the process of intoxication. This
effect was observed with 2.5 g/kg ethanol, in terms of explicitly
contrasting motor activity patterns at two time points where BECs
were high and stable. It was clear that 30 min after administration,
this ethanol dose significantly reduced locomotion. At 60 min
pups exhibited a partial recovery from this sedative effect. This
behavioral profile was observed when methodologically mini-
mizing the impact of habituation to the circumstances of testing.
This result appears to be in strong agreement with the observations
of Silveri and Spear (2001) relative to the emergence of this
phenomenon during early ontogeny. These authors reported
development of acute tolerance in preweanlings that received an
intraperitoneal administration of 3.2 g/kg ethanol. Acute tolerance
was revealed in terms of motor impairments in a swim task at post-
administration times comparable to those here examined. It could
be argued that ethanol is metabolized faster in the brain than in the
periphery of the central nervous system. If this was the case, brain
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ethanol levels at 60 min could be lower than in previous post-
administration intervals. This hypothesis cannot be completely
dismissed. Yet, it is necessary to observe that in preweanling rats,
but not in adolescent or adult rats, brain ethanol levels attained
with a high ethanol dose (3.2 g/kg) remain at peak levels even
105 min after ethanol administration (Silveri and Spear, 2001).

Independent of drug treatment, the behavioral data suggested
rapid infantile behavioral habituation to a novel environment. This
habituation seems to be manifested within the course of a testing
interval or when animals are repeatedly tested in this particular
context (see e.g. Figs. 5 and 8). There were no indications
supporting an effect of prenatal treatment upon this apparent
learning process. The null effect of relatively low-to-moderate
ethanol exposure during late gestation is in accordance with prior
studies examining behavioral reactivity to repeated stimulation
with salient chemosensory stimuli (Abate et al., 2000; Arias and
Chotro, 2005a,b). Deficits in the capability of the developing
organism to habituate to novel stimuli as a function of ethanol
prenatal exposure have been reported. Apparently, these detrimen-
tal effects are obtained when ethanol is chronically administered
during gestation or when relatively high ethanol doses are em-
ployed during a temporal window of brain vulnerability to the
teratogenic properties of this drug (e.g. Hofmann et al., 2005; Hunt
and Phillips, 2004).

Beyond the analysis of ethanol-related responsiveness as a
function of prenatal exposure to the drug, the results of the
present study indicate that the “inverted ladder” design may
represent a simple and powerful methodological tool for exam-
ining neurobehavioral outcomes of exposure to teratogens or
postnatal sensitivity to drugs of abuse. This approach appears to
allow an integrated evaluation of unconditioned reactivity to the
drug or environment, adaptive processes linked to each of these
factors (e.g. acute drug tolerance and habituation) and the
possible interaction between them.
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