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Abstract
The effect of moderate exposure to ethanol during late gestation was studied in terms of its
interaction with moderate exposure during nursing from an intoxicated dam. A further issue was
whether behavioral effects of ethanol, especially the enhanced ethanol intake known to occur after
moderate ethanol prenatally or during nursing, depend upon teratological effects that may include
death of neurons in the main olfactory bulb (MOB). During gestational days 17–20 rats were
given 0, 1 or 2 g/kg ethanol doses intragastrically (i.g.). After parturition these dams were given a
dose of 2.5 g/kg ethanol i.g. each day and allowed to perform regular nursing activities. During
postnatal days (PDs) 15 and 16, ethanol intake of pups was assessed along with aspects of their
general activity. In a second experiment pups given the same prenatal treatment as above were
tested for blood ethanol concentration (BEC) in response to an ethanol challenge on PD6. A third
experiment (Exp. 2b) assessed stereologically the number of cells in the granular cell layer of the
MOB on PD7, as a function of analogous pre- and postnatal ethanol exposures. Results revealed
that ethanol intake during the third postnatal week was increased by prenatal as well as postnatal
ethanol exposure, with a few interesting qualifications. For instance, pups given 1 g/kg prenatally
did not have increased ethanol intake unless they also had experienced ethanol during nursing.
There were no effects of ethanol on either BECs or conventional teratology (cell number). This
increases the viability of an explanation of the effects of prenatal and early postnatal ethanol on
later ethanol intake in terms of learning and memory.
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1. Introduction
Olfaction is functional during fetal life and diverse psychobiological responses that
newborns and infants display are dependent on fetal and early postnatal experiences [1,2].
Olfactory cues from the mother and siblings, and odors associated with the rearing context,
are particularly important for establishing the behavioral repertoire of developing organisms
[3–6]. Several studies in humans and other mammalian species have demonstrated that
prenatal experiences with chemosensory information from the maternal diet influence
postnatal processing of similar chemosensory cues and could regulate the hedonic value of
those early experiences [7–12].

Intraoral infusion of chemosensory cues to near-term rat fetuses elicits behavioral responses
in terms of motor or autonomic changes, indicating that olfactory processes are occurring
[13–15]. In rodent fetuses the main olfactory system (MOS) appears to be the dominant
system responsible of processing chemical stimuli in utero [1,16,17). In human fetuses, the
MOS is functional during the last gestational trimester in terms of odor detection and
discrimination, and also appears to mediate olfactory learning and memory processes
[10,18].

Ethanol is processed for the fetus as a chemosensory cue. Despite immaturity of MOS,
fetuses can sense ethanol cues and retain information about that prenatal experience. In
addition, associations between ethanol chemosensory cues and other stimuli with biological
relevance occur during late gestation [19–22]. Several studies have demonstrated that
ethanol distribution in amniotic fluid promotes fetal processing of ethanol’s chemosensory
features during late gestation and influences postnatal patterns of ethanol recognition,
acceptance and consumption [23–27].

Studies in preweanling rats have confirmed that experience with low to moderate ethanol
doses (1.0 or 2.0 g/kg) during late gestation promotes an increase in the drug’s
palatability[24,28] and increases consumption of moderately concentrated ethanol solutions
(5.0 or 6.0 %) [24,25,28–30]. Furthermore, several studies have demonstrated that this
increase in palatability and/or ingestive responsiveness to ethanol cues generalize to a
configuration of sucrose and quinine, a solution that seems to resemble ethanol’s
psychophysical characteristics [24,25,28].

Despite the well-known teratogenic effects of ethanol [31], ethanol doses (1.0 or 2.0 g/kg)
employed in previous cited studies with rats were selected knowing that obvious
macroscopically teratological effects, commonly observed when fetuses are prenatally
exposed to higher ethanol levels of the drug, are absent at these concentrations
[19,23,25,31].

A study of human neonates showed that maternal consumption during pregnancy modulated
neonatal responsiveness to the smell of ethanol [32]. Babies born to mothers classified as
frequent drinkers consistently responded to ethanol odor when compared with babies
without prenatal ethanol experience, an effect that apparently is independent of gross
teratological effects of the drug [32].

As a whole, the evidence indicates that prenatal ethanol experience with low or moderate
doses of ethanol biases responses to the drug during infancy. It has been proposed that
infantile responses to ethanol could be determined by prenatal exposure to ethanol’s sensory
attributes during late gestation, by the processing of postabsortive reinforcing effects of
ethanol and/or by associative learning mediated by pairing of ethanol’s sensory and
postabsortive effects [19,33–36]. Animal models have confirmed that exposure to ethanol
during late gestation can generate fetal learning of a conditioned preference for the drug’s
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orosensory characteristics [29]. The opioid system has seemed to provide a primary
neurobiological basis for that associative learning (28,30,37].

Likewise, rat pups [38,40,41] and human infants [38,42] seem capable of processing low
ethanol concentrations present in milk during the nursing period. Studies have shown that
after interacting with an ethanol-intoxicated mother, preweanling rats change their response
to ethanol in terms of reactivity to its chemosensory properties as well as in consumption
patterns of ethanol [43,44,45]. Ethanol can disrupt maternal care and pups have seemed to
associate such maternal changes with the ethanol odor present in the rearing context, leading
to an aversion to this odor [43,46].

A few studies have analyzed the interaction between ethanol experiences during late
gestation and those in the postnatal period [26,27,47]. A previous study demonstrated that
consumption of minimal ethanol concentrations during infancy could be influenced by
maternal intoxication during pre- and early postnatal periods [27]. Disruption in maternal
care, a consequence of ethanol administration in the nursing context, was found to be
decreased if the dam previously had received ethanol during the late gestation period
[27,48,49]. This implies that ethanol experience during gestation and lactation could
facilitate social and/or nutritional transmission of the drug’s cues and influence the profile of
response to ethanol by the offspring.

The first goal of the present study was to assess the effect of early ethanol experience
comprising ingestion and perception of the drug in the amniotic fluid and during nursing on
consumption of ethanol during the third postnatal week. In the first experiment, pregnant
rats were administered one of two ethanol doses (1.0 or 2.0 g/kg) or water during gestational
days (GDs) 17–20. After birth, pups suckled from dams given ethanol or water during
nursing. On postnatal days 15 and 16, these pups were evaluated in terms of ethanol
consumption patterns of varying ethanol concentrations.

The generation of early memories related to ethanol exposure during pre- and/or postnatal
periods involves a chemosensory component of the ethanol. Given that prenatal olfaction
involves MOS, the main olfactory bulb (MOB) is the first location for processing olfactory
information in the brain [50]. The olfactory bulb is considered not only the first central relay
of the olfactory system, at least in mammals, but also the major site of integration for the
olfactory information and a critical structure involved in several cases of learning and
memory [51–54]. In addition, MOB is one of the few brain areas of the newborn that
continuously integrates local circuit neurons [periglomerular and granule cells (GCs)] within
the glomerular and granular cell layer (GCL) [55–58]. During late gestation neuroblasts
migrate toward the MOB of the developing organism, with the highest rate occurring during
the neonatal period [55,59–62]. The neonatal GCs (GABAergic interneuron) constitute a
uniform population that could undergo substantial modifications (e.g., cell number)
attributable to early olfactory experiences and that has higher survival rate than adult
newborn neurons [52]. Several studies have found that regulation (neurogenesis or
neuromodulation) of the GABAergic interneuron plays a significant role in olfactory
function including odor detection and discrimination, and is critical for learning and retrieval
of specific olfactory memories [54,63–68].

All the preceding evidence pertinent to olfactory bulb function and early olfactory learning
involving ethanol supports the second aim of the present study. This second goal was to
estimate cell number in GCL of the MOB in rat neonates (PD 7) as a function of maternal
ethanol treatment during GDs 17–20. Additionally we included a second factor that was a
single administration of ethanol (1.5 g/kg) at PD 6, on the basis of that this postnatal stage is
considered as the “brain growth spurt” period described as particularly vulnerable to ethanol
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neurotoxicity[69–71] . This experiment included a preliminary study conducted to evaluate
neonatal ethanol metabolism profiles, as a function of prenatal treatment with ethanol.

This second goal was considered because, at present, so few studies have analyzed brain
teratogenic effects of low or moderate ethanol doses. Among these is a recent study
indicating that low ethanol doses (< 1.0 g/kg) could interfere with the migration of granular
cells in neonate mouse cerebellum [72]. In fact, cell migration is considered one of the
developmental processes most vulnerable to ethanol effects [73,74]. Although it is a process
that, together with cell proliferation, occurs mainly at the beginning of gestation, some cell
populations proliferate and migrate later in development as interneurons of the MOB
[59,75]. In the MOB, several studies have analyzed structural changes in cell layers utilizing
much higher ethanol doses (5.0–6.0 g/kg), while employing chronic prenatal administration
and/or a postnatal model that includes “artificial rearing”[76,77].

The teratological perspective has prevailed in studies of effects of prenatal ethanol exposure.
Despite the limited teratological evidence observable when low or moderate ethanol doses
are employed, this perspective could overshadow the possibility that immature organisms
are capable of acquiring, retaining and expressing sensory learning as a function of these
early experiences with the drug.

In summary, the present study was carried out under experimental conditions that modulate
acquisition and/or expression of chemosensory learning during ontogenetic stages
characterized by the emergence of functional sensory and learning capabilities. We studied
the generation of ethanol-related memories mediated by ethanol’s exposure during late
gestation and the early postnatal period, and its possible coexistence with altered structural
parameters in the GCL of the MOB.

2. Experiment 1
Experiment 1 examined preweanling consumption patterns of various ethanol concentrations
as a function of repeated exposure to ethanol during late gestation and the first two postnatal
weeks. Pregnant dams received either water or 1.0 or 2.0 g/kg ethanol doses during GDs17–
20. After birth, pups suckled from dams subjected to a 2.5 g/kg ethanol dose or water during
nursing. On PDs 15 and 16, pups were evaluated in terms of consumption of ethanol
solutions (5.0 % v/v or 10.0 % v/v) or water. In addition, we examined motor activity
patterns of pups during the intake test. This additional dependent variable was included
because experimental and clinical studies have demonstrated that organisms with a history
of ethanol exposure during early ontogeny exhibit a wide range of cognitive and behavioral
deficits, among them, hyperactivity, delayed motor development and attentional problems
[78,79].

2.1. Materials and Methods
2.1.1. Subjects—Wistar-derived pregnant rats were used (n=52). These animals were born
and reared at the vivarium of the Instituto Ferreyra (INIMEC-CONICET), under
temperature- (22–24°C) and light- (on from 08:00–20:00 h) controlled conditions. Unless
specified, maternal enriched lab chow (Cargill, Buenos Aires, Argentina) and water
(delivered through automatic dispenser valves) were available ad libitum. Vaginal smears of
adult female rats were microscopically analyzed on a daily basis. On the day of proestrus,
females (pre-pregnancy weight 200–300 g) were housed during the dark cycle with males
(three females per male). Vaginal smears were checked the following morning (10:00–12:00
h), and the presence of sperm was considered an index of fecundity. The day of sperm
detection was considered as GD 0. Births were checked daily (10:00–12:00 h) and the day of
parturition was considered as PD 0. During PD 1, each litter was randomly culled to eight
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pups (four males and four females, whenever possible). Pregnant females or litters were
individually placed in standard maternity cages filled with wood shavings. At all times,
animals utilized in this study were maintained and treated under guidelines for animal care
established by the National Institutes of Health [80].

2.1.2. Maternal drug treatment
Prenatal Treatment: From GDs 17 to 20, pregnant females were weighed and i.g.
administered 0.015 ml/g of a 8.4 % v/v ethanol solution (vehicle: room temperature tap
water; ethanol dose: 1.0 g/kg; Prenatal Ethanol 1 Group (EtOH 1); n = 19), a 16.8 % v/v
ethanol solution (vehicle: room temperature tap water; ethanol dose: 2.0 g/kg; Prenatal
Ethanol 2 Group (EtOH 2); n = 17) or a similar volume of water (Prenatal Water Group; n =
16). The ethanol dose and the days of administration were selected on the basis of prior
studies demonstrating fetal chemosensory processing of the drug under similar experimental
circumstances [21,23,25,27]. I.g. intubations were performed employing a polyethylene
cannula (PE 50; Clay Adams, Parsippany, New Jersey, U.S.A.) attached to a disposable 5-ml
syringe. The free end of the cannula was carefully eased into the stomach of the dam. The
whole administration procedure took less than 20 s per animal, and was accompanied by
little indication of stress.

Postnatal Treatment: During PDs 3, 5, 7, 9, 11, and 13, half of the mothers representative
of each prenatal treatment were administered (i.g.) with 2.5 g/kg of ethanol (Postnatal
Ethanol Group (EtOH); n = 25). The ethanol dose was achieved by administering 0.015 ml
of a 21 % v/v ethanol solution per gram of maternal body weight. The remaining dams were
administered an equivalent volume of tap water (Postnatal Water Group (Water); n = 27).
I.g. administrations were performed employing procedures similar to those utilized during
gestation.

2.1.3. Preweanling intake test and behavioral evaluation procedures—During
PDs 15 and 16, 310 pups representative of the different litters were intraorally cannulated
with polyethylene tubing (length, 5 cm; PE10, Clay Adams, Parsippany, New Jersey,
U.S.A.). The intraoral cannulation procedure has been extensively described in previous
studies [23,39,43,81,82]. Briefly, a flanged end of the cannula (external diameter, 1.2 mm)
was shaped by exposure to a heat source. A short dental needle (30GA Monoject, Sherwood
Medical, Munchen, Germany) was attached to the nonflanged end and positioned in the
middle portion of the internal mucosa of the pup’s left cheek. The needle was inserted
through the cheek, and the cannula was pulled through the tissue until the flanged end rested
on the mouth’s mucosa. This cannulation procedure did not last more than 20 s per subject.
As demonstrated by prior studies, pups rapidly recover from this minor surgical intervention
[83,84]. Pups at this developmental stage are able to control ingestion of fluids delivered via
these polyethylene devices [25,34,39]. The technique is also sensitive in terms of evaluating
learning experiences that comprise the association between a given taste and an
unconditioned stimulus [27,85–87].

Following the cannulation procedure, pups were maintained with their corresponding
littermates in clean plastic cages for 2 consecutive hours. The use of heating pads placed
beneath these chambers allowed maintenance of ambient temperature at 32°C. Immediately
before commencement of the intake test, all pups were stimulated in the anogenital area with
a cotton swab to induce miction and defecation. Preweanlings were then weighed (± 0.01g),
and this value was taken as the preinfusion body weight. Each pup was placed in an
individual Plexiglas chamber (15 × 7 × 15 cm) lined with a cotton floor, and the cannula was
attached to a 10-way peristaltic infusion pump (Manostat Cassette Pump, Standard Model,
Barnant Co., Barrington, Illinois, U.S.A.). Pups representative of each litter were
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quasirandomly assigned to receive water, 5.0 % ethanol (v/v) or 10.0 % ethanol (v/v). The
liquid was delivered into the rat mouth during 10 min using a pulsate mode of administration
(3 s on, 10 s off). The rate of infusion was adjusted for each individual rat in order to infuse
a total amount of fluid that was equivalent to 1.83% of the pup’s preinfusion body weight (±
0.01 g). At the end of each intake session, pups were removed and weighed again
(postinfusion body weight).

Water intake scores were expressed in terms of percentage of total infusion actually
consumed (% ML): [100 × ((postinfusion body weight - preinfusion body weight)/ml
infused)]. Ethanol intake scores were calculated in terms of percentage consumed and also
in terms of grams of absolute ethanol consumed per kilogram of body weight (g/kg etoh):
[(postinfusion body weight - preinfusion body weight) × (ethanol solution %) × (0.78)/
(preinfusion body weight/1000)].

During the intake test on PDs 15 and 16, pups were videotaped for subsequent analysis of
behaviors. Motor activity was evaluated as frequency of locomotion (moving of four limbs)
and wall climbing. Behaviors were evaluated during the intake test through the following
procedure (Fig. 1): 20 trials of 10 s each (a behavioral trial began every other infusion when
a red light indicated that the solution was delivered); intertrial interval was 16s. In addition,
each trial was subdivided in two intervals of 5 seconds. Trained observers blinded to
treatments recorded the pup’s behavior during each interval.

2.1.4. Data analysis—Maternal body weight changes during pregnancy were subjected to
a two-way mixed analysis of variance (ANOVA) defined by gestational treatment and
gestational day.

Maternal postnatal weights and preweanling’s body weights on PD 15 were analyzed via
ANOVAs that took into account gestational and postnatal drug treatments as independent
variables, and whenever necessary, postnatal days was included as repeated measure.

Mixed analyses of variance were conducted to determine consumption patterns for Water or
Ethanol solutions. The dependent variables were % ML (Water or Ethanol infusions) and g/
kg etoh (Ethanol infusions). In order to avoid litter over representation, no more than two
pups from a given litter were included in a particular treatment (one male and one female,
whenever possible). Gender of pups failed to exert main effect and/or did not interact with
the remaining factors under consideration. For this reason, the average intake scores
corresponding to pups representative of the same litter and exposed to similar treatment
during PD 15 served as the unit of analysis for consumption patterns. Each of the twenty-
four groups defined by the corresponding factorial design (Prenatal treatment: EtOH1,
EtOH2 or Water; Postnatal treatment: EtOH or Water; and Solution Infused: 5.0 % or 10.0
% v/v ethanol concentrations or Water) was composed of 6–9 litter scores. Data from the
intake test at PDs 15 and 16 served as repeated measures. Newman–Keuls’ post-hoc tests
were used to further analyze significant main effects or interactions.

Motor activity (locomotion and wall climbing) was examined with Non-parametric Analysis
of Variance (Kruskal-Wallis, Info-Stat Free version 2007). Locomotion or wall-climbing
scores of pups representative of the same litter and exposed to similar treatment during PD
15 served as the unit of analysis. The independent variables included Day of intake test and
Pre- and Postnatal treatment. The frequencies of each behavior from each interval were
combined (summated) to yield the total motor activity score considered as the dependent
variable under analysis.
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For all statistical analysis the critical value for significance was p<0.05. More details are
described in the Results section.

2.2. Results
2.2.1. Maternal body weights—Maternal weights during pregnancy were found to vary
significantly as a function of gestational day [F(3, 147) = 332.43, p<0.001]. As could be
expected body weights increased as a function of passage of time. Independent of the drug
treatment, body weights during late pregnancy were as follows: GD 17, 338.2 ± 4.8 g; GD
18, 348.5 ± 4.9 g; GD 19, 359.6 ± 5.2 g and GD 20, 370.3 ± 5.5 g. For maternal body weight
changes across postnatal days the corresponding ANOVA showed a significant main effect
of day [F(5, 230) = 9.5, p<0.01], confirming that dams progressively gained weight
throughout the postnatal period. The following means, corresponding to the first, third and
sixth days of postnatal treatment, illustrate the gradual increase in maternal body weights
during the first two weeks of lactation: PD 3, 286.6 ± .4.5 g; PD 7, 292.5 ± 4.0 g and PD13,
296.94 ± 4.4 g (values have been collapsed across Prenatal and Postnatal drug treatments).

2.2.2. Preweanling ethanol consumption patterns—Preinfusion body weights at PD
15 were analyzed with a two-way ANOVA with Prenatal and Postnatal Treatment as factors.
This analysis revealed a significant main effect of Prenatal and Postnatal Treatment [F(2,
143) = 8.56, F(1, 143) = 5.33, respectively, ps<0.025]. The interaction also achieved
significance [F(2, 143) = 10.40, p<0.01]. All pups that suckled from a dam administered
water or those pups exposed to a 1.0 g/kg during late gestation and suckled from a dam
subjected to a 2.5 g/kg ethanol dose exhibited significantly higher body weight at PD 15
than pups that were exposed to water or to both a 2.0 g/kg ethanol dose during gestation and
ethanol during nursing.

Preweanling water consumption levels at PD 15 did not differ. Water consumption during
both days of test was analyzed through a three-way mixed ANOVA defined by Prenatal
Treatment, Postnatal Treatment and Day of evaluation. There were significant main effects
of Day [F(1, 42) = 4.17, p<0.05]. Independently of Pre- and Postnatal Treatments, pups
exhibited significantly higher consumption levels of water on PD 16 than on PD 15. This
analysis failed to exhibit significant main effects or interactions as a function of Pre- and/or
Postnatal Treatments (Table 1).

Separated ANOVAs were conducted to analyze preweanling ethanol intake values in terms
of grams of absolute ethanol consumed per kilogram body weight This analysis was defined
by Prenatal Treatment (Water, EtOH1 or EtOH2), Postnatal Treatment (Water or EtOH),
Ethanol Solution infused (5.0 % or 10.0 %) and Day of evaluation (PDs 15 and 16) as
factors. For ethanol consumption levels, the ANOVA showed significant main effects of
Postnatal Treatment, Ethanol Solution and Day of evaluation [F(1, 89)= 5.26, F(1, 89) =
8.62; F(1, 89) = 4.68, respectively; ps<0.05]. Significant interactions were observed
between Prenatal Treatment, Postnatal Treatment and Solution of ethanol infused [F(2, 89)
= 3.48, p<0.05] and among Prenatal and Postnatal Treatments and Day of evaluation [F(2,
89) = 5.76, p<0.01].

In order to analyze the locus of significant effects corresponding to the triple interactions,
sequential ANOVAs across concentration of the ethanol solution infused to the pups were
conducted.

When pups were infused with a 5.0 % ethanol solution during the first day of test (PD 15),
the analysis for consumption levels (% ML) showed a borderline main effect of Postnatal
Treatment [F(1, 43) = 3.98, p = 0.052]. When the variable under analysis was g/kg intake
this effect reached significance [F(1, 43) = 5.47, p<0.025]. Independently of Prenatal
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Treatment pups exposed to ethanol during the nursing period had greater g/kg ethanol
consumed than pups exposed to a sober dam during the same period (Fig. 2). In order to
analyze consumption scores of a 5.0 % v/v ethanol solution during PDs 15 and 16 the three-
way ANOVA was defined by Prenatal, Postnatal Treatments and Day of evaluation. The
analysis of consumption levels (% ML) exhibited significant main effects of Postnatal
Treatment and Day of evaluation [F(1, 43) = 4.75, F(1, 43) = 8.46, respectively; ps<0.05].
The interaction between Prenatal, Postnatal Treatment and Day of test also achieved
significance [F(2, 43) = 5.88, p<0 .01]. Newman Keuls’ post-hoc test indicated that during
PD 16 those pups that received a 2.0 g/kg ethanol dose during late gestation consumed
significantly higher levels of ethanol independently of postnatal drug experience.
Nevertheless, those pups prenatally exposed to a 1.0 g/kg ethanol dose only exhibited
increases in ethanol consumption levels of a 5.0 % v/v ethanol solution if they had the
opportunity to suckle from an ethanol-intoxicated dam (Fig. 3). For g/kg etoh consumed of a
5.0 % v/v ethanol solution, the analysis showed the same significant effects seen in terms of
% ML [F(1, 43) = 5.79, p<0.05; F(1, 43) = 9.49, p<0.01; F(2, 43) = 4.81, p<0.025;
respectively].

The analysis of consumption patterns when rats were evaluated with a 10.0 % v/v ethanol
solution failed to exhibit significant effects (Table 2).

2.2.3. Behavioral evaluation of preweanling rats during intake test—When
preweanling rats were infused with water the analysis of motor activity as a function of Day
of evaluation indicated that during PD 16 pups displayed more activity than during PD 15
[H(1, n= 90) = 5.12, p<0.025]; activity scores on PD 15 as a function of Pre- and Postnatal
Treatment achieved significance [H(5, n= 45) = 13.01, p<0.025]. When compared with the
control group (water-water), a posteriori comparison shown that pups exposed to ethanol
during nursing displayed less motor activity (Fig. 4A), independently of prenatal treatment.
Analysis of motor activity of preweanling rats on PD 16 indicated no significant effects of
Pre- and Postnatal Treatment.

Analysis as a function of ethanol solutions (5.0 or 10.0 % v/v) indicated no significant
effects on either PD 15 or PD 16. Statistical analysis when pups were infused with ethanol
solutions as a function of Day also showed that rats exhibited significantly more activity on
PD 16 than on PD 15 [H(1, n= 186) = 5.32, p<0.025] (Fig. 4B, C). Activity scores analyzed
as a function of Pre- and Postnatal Treatment indicated no significant effects on PD 15, but
achieved significance on PD 16 [H(5, n= 93) = 13.87, p<0.02]. Pups exposed to ethanol
during nursing and to the low ethanol dose during gestation (EtOH 1-EtOH) displayed lesser
motor activity than the control group (water-water) when exposed to 5.0 % v/v ethanol
solution (Fig. 4B).

3. Experiment 2a
Given the fact that ethanol exposure during late gestation can affect neonatal ethanol
metabolism [22] we conducted the present experiment to adequately design the next study
2b (stereological analyses). The question was whether BECs, at the age at which cells were
counted in the GCL of the MOB (Experiment 2b), would be affected by prenatal ethanol
exposure. Neonatal BECs on PD 6 were evaluated as a function of gestational treatment
(0.0, 1.0 or 2.0 g/kg). The postnatal ethanol dose administered on PD6 was 1.5 g/kg.

3.1. Materials and Methods
3.1.1. Subjects—One hundred and twenty-seven pups representative of 23 litters were
used. The housing conditions, animal care and maintenance were identical to those
described in Experiment 1.

Pueta et al. Page 8

Physiol Behav. Author manuscript; available in PMC 2012 January 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3.1.2. Drug treatments
Prenatal Treatments: Maternal drug treatment from GD 17 to 20 was the same as
Experiment 1. Experimental groups were defined by prenatal treatment. The number of
dams assigned to each gestational treatment was as follows: Water, n = 8; EtOH 1, n = 8;
and EtOH 2, n = 7.

Neonatal Treatment: On PD 6 all pups were weighed and administered (i.g.) 0.015 ml/g of
a 12.6 % v/v ethanol solution (vehicle: room temperature tap water; ethanol dose: 1.5 g/kg).
The intubation procedure was identical to that used in dams, except for employing a smaller
polyethylene cannula (PE 10; Clay Adams, Parsippany, New Jersey, U.S.A.) attached to a
disposable 1-ml syringe.

3.1.3. Determination of neonatal blood ethanol concentrations—On PD 6 pups
were removed from the maternity cages one hour prior to i.g. administration. This was
accomplished by placing the pups in a cage containing clean wood shavings and kept under
temperature-controlled conditions through the use of adjustable heating pads (ambient
temperature: 32 °C). Sampling procedures took place 15, 30, 60, 90 or 120 min after ethanol
was administered. In a given litter, one pup was assigned to each post-administration time.
Pups were sacrificed in order to obtain blood samples (200 μl/pup). Pup’s blood samples
were subjected to head-space gas chromatography analysis [48,49]. Each blood sample was
fractioned in order to obtain two 100 μl samples. These samples were then placed in
microvials containing 20 μl of a butanol solution (51 mg/dL) that served as an internal
standard. The manipulation of the samples was performed in containers filled with crushed
ice. Microvials were hermetically sealed and incubated in a water bath at 60 °C for 30min.
Gas-tight syringes (Hamilton, 10 μl) were used to collect the volatile component of the
samples and to inject them into the gas chromatograph (Hewlett-Packard, Model 5890).
Column (Carbowax 20 M; 10 m×0.53 mm×1.33 μm film thickness), injector and detector
temperatures were as follows: 60,150, and 250 °C, respectively. Nitrogen served as the
carrier gas (flow rate: 15 ml/min).

3.1.4. Data analysis—Maternal body weight changes during pregnancy were subjected to
a mixed analysis of variance (ANOVA) defined by gestational treatment and gestational
day. Pups’ pre-administration body weights (PD 6) were analyzed via an ANOVA that
included gestational drug treatment and post-administration time as orthogonal independent
variables.

BECs were averaged across both samples obtained during each post-administration interval.
All values were expressed as milligrams of ethanol per deciliter of blood (mg/dL). BECs
were analyzed using a mixed ANOVA with prenatal group as the between subject factor and
ethanol post-administration time (5, 15, 30, 60, 90 and 120 min) as repeated measures.

3.2. Results
3.2.1. Maternal and neonatal body weights—Maternal body weight gained during
late gestation and the pre-administration body weight of pups on PD 6 were not significantly
affected by ethanol treatment during pregnancy.

3.2.2. Neonatal blood ethanol concentrations on PD 6—Pups’ BECs were analyzed
through a two-way ANOVA defined by Prenatal Treatment (Water - EtOH 1 - EtOH 2) and
Post-administration sampling time (15, 30, 60, 90 and 120 min). The analysis revealed
significant main effects of post-administration time [F(4, 80) = 5.92, p<0.01]. The post-hoc
test indicated that BECs reached the highest level at post-administration times 30 and 60
min (average = 110 mg/dL). At 120 min BECs were significantly lower than at post-
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administration times 30, 60 and 90 min, but were not significantly different from post-
administration time 15 min. Of major importance for this experiment was the observation
that pups’ BECs were not affected by prenatal treatment. Prenatal treatment was not found
to exert a significant main effect, or to significantly interact with post-administration time
(Fig. 5).

4. Experiment 2b
Experiment 2a allowed us to know that prenatal treatments had no effect upon ethanol
metabolism of pups at PD 6. It is worth mentioning that this result refers primarily to
peripheral metabolism and we cannot rule out the possibility of differences in metabolism in
the central nervous system (e.g. catalase system) [88,89].

In the present experiment we estimated the number of cells in the GCL of the MOB of pups
at PD 7, as a function of pre-and postnatal treatments with ethanol. Prenatal treatments were
similar those described in Experiments 1 and 2a, except that, in the present experiment,
dams were administered water or the highest ethanol dose, 2.0 g/kg. As in Exp. 2a, postnatal
treatment was an i.g. administration of 1.5 g/kg ethanol dose on PD 6. In addition, a control
group was administered (i.g.) water.

Parameters of the current experiment were selected on the basis of the following factors: a)
migration of the olfactory interneurons begins during late gestation in rodents [60]; b) these
cells start to reach the GCL about a week after leaving subventricular zone (SVZ) [62]; c)
the “brain growth spurt” period between PDs 4 to 9 has been described as particularly
vulnerable to ethanol neurotoxicity [69–71]; and d) 1.5 g/kg ethanol dose was selected on
the basis of preliminary studies indicating that this dose results in neonatal peak BEC similar
than the found in fetal blood when dams are administered 2.0 g/kg during late gestation (≈
130 mg %).

4.1. Materials and Methods
4.1.1. Subjects—Seventeen pups representative of 10 litters were used. The housing
conditions, animal care and maintenance were identical to those described in Experiment 1.

4.1.2. Drug treatments
Prenatal Treatments: Dams were administered (i.g.) 0.0 or 2.0 g/kg ethanol dose from GD
17 to 20 in a manner similar to that for dams in Exp. 1 and 2a.

Neonatal Treatment: On PD 6 pups representative of each prenatal treatment were
weighed and administered (i.g.) 0.015 ml/g of a 12.6 % v/v ethanol solution (vehicle: room
temperature tap water; ethanol dose: 1.5 g/kg; Postnatal EtOH Group) or Water (Postnatal
Water Group). On PD 6, pups were removed from the maternity cages one hour prior to i.g.
administration. This was accomplished by placing the pups in a cage containing clean wood
shaving and kept under temperature-controlled conditions through the use of adjustable
heating pads (ambient temperature: 32 °C). Two hours after i.g. administration pups were
returned to the home cage. Manipulations done for i.g. intubations were the same as those
utilized in Experiment 2a. Experimental groups were defined by prenatal treatment (Water
or EtOH 2) and postnatal i.g. administration on PD 6 (Water or EtOH). The number of pups
assigned to each experimental group was as follows: Water-Water, n= 4; Water-EtOH, n= 5;
EtOH 2-Water, n= 4; EtOH 2-EtOH, n= 4.
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4.1.3. Histology
Perfusion and Fixation: On PD 7 (twenty four hours after i.g. administration) pups were
anesthetized with an intraperitoneal (i.p.) administration of 30 % chloral hydrate solution
(dose: 0.1 ml/100g), and were perfused via the left cardiac ventricle with a saline solution
(0.9 ‰) followed by 4 % paraformaldehyde in PBS, pH 7.4. Brains remained in the skulls
for 24 h at 4 °C, then were removed and placed in 30 % sucrose solution for storage at 8°C
or for immediate sectioning.

Sectioning and mounting: Each right olfactory bulb (OB) was cut from the brain and
embedded in Cryoplast (Sistemas Analiticos SA) in order to place it in a Cryostate
(Minitome, International Equipment Company-Division of Damon). Parallel coronal
sections (16 μm thick sections) were cut throughout the entire olfactory bulb. In order to
prepare each OB for stereological analysis (see below), every 10th section was collected for
sampling. The sections were directly mounted onto gelatin-coated slides and immediately
stored at −20°C until staining.

Staining: The mounted sections were dried at 60°C prior to staining and hydrated in a series
of ethanol solutions. Slides were then incubated in Cresyl Violet (0.5 % without acetic acid)
for 30 sec, dehydrated through a series of graded ethanol solutions, cleared in xylene and
placed under a coverslip with DPX (Fluka).

4.1.4. Stereological analysis
General: The total number of cells in the GCL of each right MOB was estimated with a
modified procedure of the original optical fractionator technique [90–92]. In accord with this
technique, the estimates were based on number of cells counted with optical dissectors in a
known fraction of the volume of each GCL. This was achieved by counting the cells in a
known fraction of the thickness of a section, under a known fraction of the sectional area of
the layer in each mounted section, on a known fraction of the sections that passed through
the olfactory bulb. A sampling scheme was designed so all parts in GCL had an equal
opportunity of being sampled with optical dissectors.

Anatomical definition of the GCL in the MOB: GCL was defined as including an internal
GCL and the thin internal plexiform layer boundary by the distinctly mitral cell layer (Fig.
6A) [76].

Image capture: For the stereological analysis, a photo of each mounted section from the
OB was taken (Fig. 6B). Images from GCL were captured with an Olympus C7070 camera
attached to an Olympus microscope with a 10x objective lens.

Sampling scheme
Sections: A systematic random sample of the sections in the series from each right OB was
used in the analysis. Cells were estimated from approximately 22 sections that were selected
at equally spaced intervals along the entire OB. This was achieved by mounting every 10th
section from the bulb, after randomly selecting the first section within the first interval. The
section sampling fraction (ssf) was consequently 1/10. Additionally the total numbers of
sections obtained from each OB were registered as an indirect measure of bulb size. For all
analyses the posterior limit of each bulb was defined as the last section in which olfactory
glomeruli appeared [93].

Sectional area: In accord with Gundersen’s rules [94], in each section occupied by the GCL
the sampling scheme was made in a systematic random mode. This was achieved by
positioning an unbiased counting frame of known area superimposed on the photographic
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image of the section (Fig. 6A). The counting frame grid was generating through draw
software (CorelDraw 12.0). Each optical dissector is a square equidistant from the other
three that delimited an area in which dimensions are equal to 100 squares. As a result, the
dissector allows counting of 1 % of the total area (Fig. 6B). In case of border cells, each
dissector has two borders of cell inclusion and two of exclusion (Fig. 6C). Consequently, the
area sampling fraction (asf) was 1/100.

Section thickness: Thickness of each section obtained with the cryostat was originally 16
μm and each section allowed capture of a unique image focus when the photograph was
taken. The whole thickness of each section was considered in the analysis, so the thickness
sampling fraction (tsf) was 1/1. The dimension of the section depth chosen to analyze cell
number was similar to that used in comparable published studies in which optical
fractionator technique was applied with computer-controlled systems [76,92]. In those
studies the fraction of thick section sampled was 12–15 μm because of the estimated cell
nucleus diameter that would typically be sampled in each counting frame.

Counting: Based on the optical and physical dissector counting rules [95–98], staining cells
that come into focus in an optical dissector were counted. Borders to include or exclude cells
were taken into account. The total number of cells counted in a section was named as Q−.

Estimates of total number: The number (N) of cells in the GCL of each right MOB was
estimated as the product of the number of cells counted with the optical dissectors (ΣQ−),
and the reciprocals of the fraction of sections sampled (ssf), the fraction of the sectional area
sampled (asf), and the fraction of the section thickness sampled (tsf) [92]: N = Σ Q− · 1/ssf ·
1/asf · 1/tsf

Precision of the estimates: The sampling scheme was evaluated in terms of the coefficients
of error (CEs) of the individual estimates ΣQ− (one per MOB). On the basis of similar
analyses in the olfactory bulb [76] it was decided a priori that the CE (ΣQ−) could be less
than 5 % (<0.05). This coefficient is simply a means to assess the likelihood of
reproducibility of results in view of the degree of methodological precision applied. It has no
biological significance [91,92,99]. The simple rule is that if CE associated with the olfactory
bulb is higher than 5 %, it must not be included for the analysis. The individual CEs were
calculated with the following quadratic approximation formula [91,92,99]: CE (Σ Q−) =
(√Total Variance)/Σ Q−

In this formula, the total variance was calculated from the sum of the variance due to
sampling within sections -- i.e. the Nugget Variance and that due to sampling between
sections, i.e. that which arises from the systematic random sampling of the section series, the
SRS variance [92,99].

4.1.5. Data analysis—Maternal body weight changes during pregnancy were subjected to
a mixed analysis of variance (ANOVA) defined by gestational treatment and gestational
day. Neonate body weights on PDs 6 and 7 were analyzed via ANOVAs that took into
account gestational drug treatments and i.g administration.

The numbers of sections obtained from OB and the estimates of the number of granular cells
(N) of pups on PD 7 were examined with Non Parametric Analysis of Variance (Kruskal-
Wallis, Info-Stat Free version 2007) defined by Prenatal Treatment and i.g. administration
on PD 6.

Pueta et al. Page 12

Physiol Behav. Author manuscript; available in PMC 2012 January 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



4.2. Results
4.2.1. Maternal and neonatal body weights—Maternal body weight gained during
late gestation and the pre-administration body weight of pups on PD 6 were not significantly
affected by ethanol treatment during pregnancy. On PD 7 (24 h post-administration) body
weight of neonates was not affected by either ethanol treatment during pregnancy or i.g.
administration on the previous day.

4.2.2. Stereological analysis
Precision of estimates: Each individual estimator generated CEs <0.05, so all olfactory
bulbs were included in the statistical analysis.

Cell number in the GCL: The estimates of the number of cells (N) on PD 7 as a function of
previous treatments are shown in Table 3. The Kruskal-Wallis analysis defined by Prenatal
Treatment and i.g. administration on PD 6 showed that treatments exerted no significant
effects on number of cells in the granular layer [H(3, n= 17) = 2.39, p = 0.49]. When the
statistical analysis of cell number included only a single independent variable, neither
Prenatal treatment nor Postnatal i.g. administration exerted significant effects [H(1, n= 17) =
3.34, p = 0.23; H(1, n= 17) = 1.33, p = 0.60, respectively].

Number of sections obtained from the OB: Analysis of the total number of sections
obtained from the entire OB (Table 3) yielded results similar to the above analysis of cell
number in the GCL of the MOB. The statistics are as follow: a) Prenatal Treatment and
Postnatal i.g. administration: H(3, n= 17) = 5.83, p = 0.08; b) Prenatal treatment: H(1, n=
17) =1.22, p = 0.13; c) Postnatal i.g. administration: H(1, n= 17) = 3.00, p = 0.14.

5. Discussion
The present results show that the postnatal increase in acceptance of ethanol associated with
prenatal exposure to low or moderate ethanol doses, does not coexist with teratogenic effects
of ethanol on the main olfactory bulb. Experiment 1 indicated that, during late gestation or
early postnatal life, rats can detect and retain information about ethanol that modulates later
ingestive responsiveness to the drug, and this effect appears to be enhanced when both fetal
and postnatal experiences occur in sequence.

On PD 16 (Exp. 1), preweanlings had greater intake of a 5.0 % ethanol solution if they had
been given a single dose of 2.0 g/kg ethanol on each of GD17–20. In a previous study [27]
we did not find effect of this same prenatal treatment when pups were tested for intake of the
relatively weak ethanol concentration (0.22 % v/v) known to occur in maternal milk after the
same subnarcoleptic ethanol dose given to dams postnatally with the present study.
Heightened intake of a weak ethanol concentration (0.22 g/kg v/v) only appeared evident
when pups were exposed to ethanol during pre-and postnatal period, apparently by recruiting
ethanol’s chemosensory attributes during intake test [27]. In Exp. 1 the solution of 5.0 % v/v
ethanol could recruit sensory information, but pharmacological effects of the drug also could
be perceived by pups following consumption [100]. Increases in ethanol consumption at PD
16 could be explained by memory reactivation processes occurring during the intake test on
PD 15 initiated by the sensory context of ethanol in the prenatal womb, and might also
contribute to direct reinforcing effects. These results of the second day of testing are in
agreement with a previous study [24].

After animals have been exposed to ethanol in utero, changes in subsequent responses to the
drug could be determined by prenatal exposure to ethanol’s sensory attributes or by the
association between this sensory cue and ethanol’s postabsortive effects [19,29,33,34]. In
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several mammal species, it has been demonstrated that prenatal experience with artificial
odors or cues derived from maternal diet determine long-lasting effects upon later
behavioral responsiveness to these stimuli [7–12]. At present, experimental evidence
supports the hypothesis that ethanol exposure during late gestation generates appetitive
conditioning mediated perhaps by an acquired association between the chemosensory
properties of ethanol and its pharmacologically reinforcing effects involving the release of
endogenous opioid [28–30]. Consequently, the increase in ethanol consumption
demonstrated in the present and previous studies [24,25] after pups are prenatally exposed to
the drug, could be a conditioned response with a positive motivational value [29].

In Experiment 1 pups exposed to ethanol during postnatal nursing increased their intake of a
5.0 % v/v ethanol solution, independently of prenatal treatment. A previous study described
a similarly enhanced intake of ethanol among preweanlings and adolescents exposed to
ethanol during nursing [44]. This latter result [44] was explained as a negative reinforcing
(anxyolitic) event in view of evidence that pups in these nursing circumstances generate an
aversive association to chemosensory attributes of ethanol due perhaps to the deleterious
pharmacological effects of the drug upon maternal care [40,49]. In subsequent studies
[27,48] we found that ethanol-related disruption of maternal behavior is attenuated when
females are also given ethanol during late gestation, suggesting the development of
behavioral tolerance. Accordingly, the present enhancement of ethanol intake on PD 15
cannot be directly linked with altered maternal care because this effect occurred whether or
not the dams were given ethanol during gestation as well as during nursing [27,48].

We therefore suggest that the enhanced ethanol intake observed at PD 15 in the present
experiment could be explained as an effect of basic pre-exposure (familiarization) to the
stimulus, given that all pups perceived ethanol chemosensory cues in the nursing context.
Several studies have demonstrated that infantile familiarization with ethanol odor promotes
olfactory preferences for the drug and heightened ethanol consumption [101–104].
Alternatively, pups could have undergone appetitive conditioning to ethanol cues during
lactation. Maternal presence or the action of suckling [82,104] could be operating as a
source of positive reinforcement that becomes associated with ethanol flavor of the dam’s
milk. Considering all of these diverse explanations, we are not able to discard the possibility
that any of several mechanisms of learning might be involved in the present results. This
implies the possibility that ethanol-related memories established by ethanol exposure during
nursing differ in their motivational values depending on the quality of maternal care.

Although prenatal ethanol exposure with the 2.0 g/kg dose increased consumption of a 5.0
% v/v ethanol solution independently of ethanol during nursing, prenatal exposure to the
lower ethanol dose (1.0 g/kg) alone did not generate the same effect. When this prenatal
exposure was combined with postnatal ethanol exposure, through lactation, however, pups
showed increases in their intake of a 5.0 % v/v ethanol solution at PD 16. In the context of
the appetitive conditioned response hypothesis [28,29] our results on PD 16 suggest that
pups prenatally exposed to the lower ethanol dose require re-exposure to ethanol during
nursing, and perhaps also at the test on PD 15, to reactivate ethanol-related memories. An
alternative hypothesis is that pups learn to recognize ethanol due to gestational pre-exposure
to its chemosensory characteristics and, with the lower prenatal dose, subsequent postnatal
experience with ethanol operates as a critical factor in the persistence of these early
memories. Previous [27,48] and present evidence about interaction between pre- and
postnatal ethanol experience lead to the general conclusion that the increased resistance to
ethanol’s disruption of maternal care created by the dam’s prenatal exposure to ethanol is a
general reflection of facilitated social and/or nutritional transmission of ethanol-related cues,
that results from interaction within the pup-dam dyad.
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In Exp. 1 none of the ethanol treatments tested had an effect on intake of the 10 % v/v
ethanol solution. This high ethanol concentrated solution could generate orosensory aversion
that possibly will disguise early generated memories related to ethanol. Previous experience
with ethanol, as with many olfactory and gustatory stimuli, may enhance the pups’ ability to
discriminate and otherwise process them during infancy [105]. This effect seems to occur
related to 5.0 % v/v ethanol solution intake as has been show in prior study where a brief
pre-exposure to similar ethanol concentration turn orosensory aversive response in
appetitive reinforcing effects [100]. These results in intake test, in addition with the results
describing differences between gestational treatments (1.0 or 2.0 g/kg), suggest limitations
on the generation of ethanol-related memories, and/or in memory retrieval processes just as
generalized responses.

Results of the pups’ activity during the intake test allow us to discount neurobehavioral
alterations in motor behavior that could seem directly associated with the intake patterns we
observed. Some prior studies, evaluating overall locomotion, arrived to similar conclusions
in view of no indications of ethanol-mediated conditioned motor responses [106,107]. This
is notable in view of evidence linking fetal ethanol-related motor disorders in utero with
postnatal use or abuse of the drug [78,108–110]. Reductions on motor activity that we
observed in EtOH1-EtOH group during 5.0 % v/v infusion appear analogous to prior
described decreased activity in neonates when are re-exposed to ethanol stimulus perceived
in utero [111].

As possible neural substrates underlying the generation of early ethanol-related memories,
olfactory and reinforcement pathways should be proposed. First, neural pathways identify to
trigger olfactory learning in adults are immature in neonates or infants [112–114]. However,
the olfactory bulb, the noradrenergic locus coeruleus and the anterior piriform cortex has
been proposed as the key areas that participate in olfactory learning process in the
developing organism with the opioid system modulating olfactory preferences [114–116].
Second, ethanol reinforcement effects appear to induce increases in extracellular
concentration of dopamine (DA) in the nucleus accumbens (NA) that depends on either,
direct activation of opioid receptors in NA or indirect opioidergic control from ventral
tegmental area [117]. As was earlier described, the endogenous opioid system is involved in
the acquisition of prenatal ethanol memories [29,30]. Since an ethanol-related memory
involves chemosensory and pharmacological attributes of the drug, the affective value of the
context in which early learning experiences occur could regulate the storage and expression
of these memories later in development [33,118,119].

Results from Experiment 2a suggest that ethanol treatment during gestation (0.0, 1.0 or 2.0
g/kg) did not interfere with postnatal drug metabolism of ethanol, at least on PD 6 when
pups were administered 1.5 g/kg ethanol. This experiment also confirms unpublished results
showing that BECs after given 2.0 g/kg ethanol i.g. soon after birth were similar to those
encountered in fetal blood, when the pregnant dam had been given 2.0 g/kg ethanol i.g. [23].

According to Experiment 2b, ethanol administration during late gestation and/or PD 6 did
not significantly affect cell number in the GCL of the MOB of rats on PD 7. It is notable that
the average number of GCs in the MOB of control animals (2.60 × 106) was similar to those
reported for preweanling rats in other studies [76,77]. Analysis of an indirect measure of
olfactory bulb size (number of sections) also indicated no effect from the ethanol treatment.

As mentioned in the introduction section, GABAergic interneurons begin migration to the
MOB during late gestation and thereafter undergo continuous neurogenesis throughout adult
life [55,59–61]. Due to these characteristics, and that rats were exposed to ethanol during
late gestation as well as one day prior to histological analysis, various neurodevelopment
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events might be affected. Since neuroblasts take 1–3 weeks to reach MOB from SVZ [62],
missing cells should be evident in the analysis on PD 7 if ethanol exposure during fetal life
disrupts proliferation and migration processes. However, we cannot discard the possibility
that ethanol effects during late gestation could be alleviated by newborn cells generated by
neurogenesis processes during the postnatal period before ethanol postnatal treatment at PD
6 [120,121].

Related to the possibility that ethanol disrupts migration process, a study in vitro using low
and moderate ethanol doses reported a reduction in the velocity of migration of GCs from
mouse cerebellum [72]. On the other hand, we have conducted similar in vitro experiments
and when precursors of MOB interneuron were exposed to moderate ethanol dose
(equivalent to 2.0 g/kg) in vitro we have not found disruption of cell migration [122].

An additional hypothesis to explain the absence of effects of gestational drug exposure upon
GCs number arises from evidence that early olfactory experience can regulate number of
newborn GCs (by increasing recruitment or decreasing cell mortality) in the MOB of rodents
during early development [52,123]. Given that ethanol has sensory characteristics (olfactory,
taste, and trigeminal stimulation) as well as toxic effects [124–126], loss of cells could be
masked by modulation of GCs number due to olfactory experience.

It seems unlikely that the single 1.5 g/kg ethanol administration on PD 6 produced
significant cell death, because results on PD 7 indicated no differences in GCs number
compared with water-exposed pups. Some studies suggest it is possible that ethanol
produces neural apoptosis following a single ethanol postnatal exposure in the developing
brain of rodents 24 h after administration [127,128]. Given that stereological analyses was
conducted 24 h after ethanol administration, we cannot address the possibility of
replacement following cell death as an explanation of the null effects of postnatal ethanol
administration.

We have found no published tests of the effects of low or moderate ethanol doses on the
population of GCs in the MOB. Stereological studies indicated that GCs number is reduced
as a function of heavy postnatal ethanol exposure (6.6 g/kg) [76]. However, a subsequent
study using 5.0 g/kg ethanol found no effect of either gestational or postnatal exposures on
cell number in GCL [77]. This last study did find significant effects on mitral cell
population, and granular and Purkinje cells in cerebellum. This study [77] and the above in
vitro experiments [72,122] raise an additional important issue: the vulnerability of this cell
population to ethanol effects. As a whole, these studies suggest a lower vulnerability to
ethanol effects in GCs within the MOB than in other locations in brain, such as cerebellum.

The present work and a previous study from our laboratory [27] seem to be rare in
considering the interaction between pre- and postnatal experiences with relatively light
ethanol doses -- doses representative of human ethanol intake, and also known to be capable
of generating ethanol-related memories that can determine ethanol responsiveness later in
development. This early learning about ethanol seems to consist of modified sensory
experiences or acquired associations between ethanol’s sensory properties and
postabsorptive effects of the drug. No teratological effects of ethanol on GCL of the MOB
have seemed to have a significant effect in these cases, perhaps because during these early
stages GCs are already sufficiently functional to participate in processes required for the
generation and consolidation of olfactory memories. Recently some studies have
demonstrated that fetal chronic ethanol exposure tuned the neurophysiologic response of the
olfactory epithelium to ethanol odor during early postnatal period and that predicted
response is in accord with ethanol intake patterns [129–131]. Although these studies
employed a higher ethanol concentration as well as a chronic schedule of exposure during
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gestation, we are not entitled to rule out the possibility of some similar neurophysiologic
outcome in our model of ethanol prenatal exposure. Furthermore, since ethanol intake
appears to be modulated by various neurotransmitters as opioids, dopamine and GABA
[132–135] we can not discard the possibility that some disruption of the normal modulation
of some neurotransmitters systems underlie the ethanol intake profiles shown in our
experiments, beyond learning-related changes. In fact, some studies shown that moderate
fetal ethanol exposure could induce direct or indirect changes upon several of the
neurotransmitters systems that have been linked to ethanol consumption [136–138].

The general lesson of the present study seems to be that modulation of ethanol ingestion by
prior ethanol experiences during early ontogeny does not necessarily depend on
conventional teratological consequences of ethanol. Moreover, the present study adds to a
growing body of results emphasizing that there are no “safe” doses of ethanol consumption
during the gestational and early postnatal periods.
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Fig. 1.
Methods for the analysis of behavioral activity during intake test in preweanling rats. Wall
climbing and locomotion was registered at 20 trials of 10 s, each; light indicates that the
solution was delivered (see text). T: trial.
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Fig. 2.
Ethanol consumption scores (g/kg etoh) of a 5.0 % v/v ethanol solution in preweanlings at
PDs 15 and 16 as a function of pre- and postnatal treatments. The symbol # denotes
significant differences related to remaining groups at PD 15. The symbol * denotes
significant differences relative to all the remaining groups. Vertical lines illustrate SEM.
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Fig. 3.
Percentage of consumption levels (% ML) of a 5.0 % v/v ethanol solution in preweanlings at
PDs 15 and 16 as a function of pre- and postnatal treatments.
The symbol * denotes significant differences relative to all the remaining groups. Vertical
lines illustrate SEM.
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Fig. 4.
Total frequency of motor activity in prewanling rats at PDs 15 and 16 as a function of pre-
and postnatal treatments, when receiving water (A), 5.0 % v/v (B) or 10.0 % v/v (C) ethanol
solutions. The symbol * denotes significant differences relative to control group (water-
water) that receives the same solution at the same day.
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Fig. 5.
Pups blood ethanol concentrations at PD 6 when received an i.g. 1.5 g/kg ethanol dose. The
data are depicted as a function of prenatal treatment and post-administration time. Vertical
lines illustrate SEM.
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Fig. 6.
Diagrammatic summary of the sampling scheme used to estimate total number of GCs in the
GCL of the MOB of rats at PD 7 (see text). (A): Low power micrograph of a 16-um-thick
cryostat section from olfactory bulb. Superimposed on the section are the grid that illustrates
the relative size of the optical dissectors used for counting and the distance between optical
dissector samples. GC: glomerular layer; EPL: external plexiform layer; MCL: mitral cell
layer; IPL: internal plexiform layer; GCL: granular cell layer. (B): Demarcation of the
knowing area (100 %) to determine the dissector area (1%). (C): Each dissector has two
borders to cells inclusion (I, II) and two of exclusion (III, IV).
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Table 1

Consumption levels of water (% ML) in preweanlings during PDs 15 and 16 as a function of pre- and
postnatal treatments.

Pre- and Postnatal treatments PD 15a PD 16a

Water-Water 24.28 ± 2.53 26.62 ± 3.52

Water-EtOH 22.38 ± 2.85 23.85 ± 5.45

EtOH 1-Water 17.86 ± 4.03 21.13 ± 2.85

EtOH 1-EtOH 26.13 ± 7.85 37.28 ± 9.00

EtOH 2-Water 20.98 ± 1.99 27.51 ± 4.04

EtOH 2-EtOH 30.07 ± 5.08 32.52 ± 5.74

a
All values represent mean +/− standard error of the mean
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Table 2

Consumption levels of 10.0 % v/v ethanol solution (% ML) in preweanlings during PDs 15 and 16 as a
function of pre- and postnatal treatments.

Pre- and Postnatal treatments PD 15a PD 16a

Water-Water 37.58 ± 4.59 42.32 ± 5.52

Water-EtOH 46.91± 6.93 43.93 ± 4.15

EtOH 1-Water 48.99 ± 6.54 46.25 ± 7.42

EtOH 1-EtOH 34.64 ± 7.02 44.73 ± 6.52

EtOH 2-Water 32.38 ± 5.74 32.43 ± 4.93

EtOH 2-EtOH 49.73 ± 5.29 48.59 ± 6.21

a
All values represent mean +/− standard error of the mean
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Table 3

Cell number in the GCL and total number of sections obtained from OB of neonates (PD 7) as a function of
prenatal treatment and postnatal i.g. administration.

Pre- and Postnatal treatments Cells number in GCL (× 10 6)a Total sections number a

Water-Water 2.60 ± 0.12 217.5 ± 7.50

Water-EtOH 2.60 ± 0.16 220 ± 8.95

EtOH 2-Water 2.86 ± 0.43 222.5 ± 7.50

EtOH 2-EtOH 2.95 ± 0.08 242.5 ± 4.79

a
All values represent mean +/− standard error of the mean
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