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Near-term fetuses of different mammalian species, including
humans, exhibit functional sensory and learning capabilities.
The neurobiological literature indicates that the unborn organ-
ism processes sensory stimuli present in the amniotic fluid,
retains this information for considerable amounts of time, and is
also capable of associating such stimuli with biologically
relevant events. This research has stimulated studies aimed at
the analysis of fetal and neonatal learning about ethanol, a topic
that constitutes the core of the present review. Ethanol has
characteristic sensory (olfactory, taste, and trigeminal) attrib-
utes and can exert pharmacologic reinforcing effects. The
studies under examination support the hypothesis that low to
moderate levels of maternal ethanol intoxication during late
pregnancy set the opportunity for fetal learning about ethanol.
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These levels of prenatal ethanol exposure do not generate
evident morphologic or neurobehavioral alterations in the
offspring, but they exert a significant impact upon later
ethanol-seeking and intake behaviors. Supported by preclinical
and clinical findings, this review contributes to strengthening
the case for the ability of prenatal ethanol exposure to have
effects on the postnatal organism. Exp Biol Med 233:139-154,
2008
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his review analyzes the impact of low to moderate
I prenatal levels of exposure to ethanol on later
responding to ethanol and stimuli associated with
ethanol. These levels of ethanol exposure might be viewed
as “safe” but nevertheless have negative effects that might
not be noticed for many years.

We previously reviewed the literature, examining
possible associations between early ontogenetic experiences
with alcohol and subsequent affinity for ethanol ingestion
and sensitivity to its reinforcing effects (postabsorptive
consequences that increase behaviors aimed at obtaining
ethanol or that generate preferences to stimuli signaling such
consequences) (1). This review took into account fetal and
infantile experiences involving acute or chronic exposure to
ethanol and how they exerted significant effects upon
subsequent ethanol responsiveness. One of our basic
conclusions was that early alcohol exposure can recruit
sensory and learning capabilities of the developing
organism and this recruitment can result in ethanol-related
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memories that in turn modulate subsequent patterns of
detection and acceptance of ethanol (1). After the
publication of this article, we realized that when focusing
on prenatal ethanol experiences there were two major
problems in understanding how such an immature organism
is capable of processing ethanol-related information. The
first problem 1is the teratologic perspective that prevails in
studies upon effects of prenatal ethanol exposure: that is,
developing organisms are implicitly viewed as relatively
passive receptors of a drug that can exert short and long-
lasting detrimental effects anatomically and physiologically.
These effects can jeopardize sensory and learning capa-
bilities (for reviews see Refs. 2—-5). Maybe this image is
incomplete. Is it possible that low to moderate levels of
exposure to ethanol will recruit functional capabilities of the
fetus? If this is true, which consequences might be
expected? These questions allude to the second problem
of how prenatal ethanol exposure influences later alcohol-
seeking or ingestive behaviors. To understand how fetuses
might learn about ethanol, we first need to examine
ethological and psychobiological studies aimed at identify-
ing the likelihood of prenatal sensory, perceptual, and
learning capabilities. In the present article, we first examine
the scientific framework associated with fetal functional
capabilities in altricial mammals, including humans. This
knowledge provides the foundation for analyzing how these
capabilities are recruited when the fetus is exposed to low to
moderate ethanol levels. We also include recent research
concerning neurobiological mechanisms that determine or
modulate fetal learning about ethanol and possible inter-
actions between fetal and later ethanol-related experiences.
It is our hope that a joint consideration of experimental and
clinical issues linked to fetal sensory and learning
capabilities will help broaden our conception of how
prenatal ethanol exerts effects later in life.

Many studies with animals have shown that prenatal
exposure to ethanol increases the offspring’s postnatal
responsiveness to ethanol (1). This finding inspired a study
aimed at determining whether human newborns exhibit
differential responsiveness to ethanol odor as a function of
maternal ethanol consumption during pregnancy (6). The
hope was to eventually devise a noninvasive tool for
diagnosis, at birth, of children at risk of fetal ethanol effects.
None of the mothers in this study was diagnosed as an
alcoholic, and examination of their intake patterns showed
the absence of binge-like drinking episodes or chronic
patterns of drinking. The aim was to test the potential
diagnostic aid in a relatively normal population rather than
in a population in which the expectation of fetal alcohol
syndrome was relatively high.

Mothers were subdivided into two groups, infrequent or
light drinkers (mothers who drank less than four times a
month and whenever they did consume, the overall amount
was equal to or less than 8.8 = 1.7 g of absolute ethanol)
versus moderate drinkers (mothers who consumed at least
once a week, reaching a level of absolute ethanol ingestion

equivalent to 22.1 = 2.4 g per occasion) (7, 8). None of the
babies born to these mothers presented prototypical signs of
fetal alcohol syndrome, and the groups did not differ in
birth-related morphologic and neurobehavioral parameters.
Reactivity of the newborns to ethanol or lemon odor was
evaluated through a habituation-dishabituation technique.
Habituation refers to a nonassociative learning process
characterized by a gradual decrement in responsiveness to a
stimulus in a given context. Presentation of a novel stimulus
reinstates the level of responding and allows exclusion of
processes such as motor fatigue or sensory adaptation that
can also be responsible for behavioral decrements as a
function of stimulus repetition (9). Babies born to moderate
drinkers exhibited, in terms of motor activity, greater
responsiveness to ethanol odor than did newborns delivered
by infrequent drinkers. There were no behavioral differences
in response to lemon odor. The difference between babies of
moderate and infrequent drinkers was clear when ethanol
was first presented during the habituation phase or when it
was employed after habituation to the lemon odor. In a
follow-up study Faas et al. (10) reported that the heightened
response to ethanol odor in babies born to moderate drinkers
was still observable 7 to 10 days after delivery. Facial
activity was analyzed by using the Facial Action Coding
System developed by Ekman and Friesen (11) to codify the
hedonic value of the motor expressions. During habituation,
infants born to moderate drinkers exhibited higher positive
hedonic reactions (smiling, suckling, and licking) towards
ethanol odor than newborns delivered by abstemious or light
drinkers. No differences emerged when facial responsive-
ness elicited by lemon odor were compared or when
aversive gestures (e.g., gaping and nose and eye wrinkling)
promoted by ethanol or lemon were analyzed (10).

The example in the preceding paragraph illustrates that,
despite the absence of physical malformations or changes in
the capability to detect and respond to novel olfactory cues
resulting from prenatal exposure to low or moderate doses
of ethanol, the offspring’s response to ethanol will probably
be changed (10). What dose of ethanol intake would be safe
during pregnancy? In most countries the governmental
recommendation is that no ethanol be consumed during
pregnancy, although until recently the recommendation in
Great Britain was that one to two drinks on one or two
occasions each week is not likely to alter development of the
fetus (12). In that context it is notable that two glasses of
wine (peak blood ethanol level of 30 mg/100 ml) consumed
by a pregnant mother on a single occasion late in gestation
has been found to disrupt the fetus’s organization of
behavioral states (particularly active sleep), reduce its eye
movements, and dramatically suppress its breathing (13).
Chronic effects of such a dose are uncertain, although
repeated episodes of this or slightly higher amounts of such
drinking are known to result, for instance, in correspond-
ingly greater disruption of sleep states (14). Perhaps more
important, it is now clear that postnatal consequences of
such exposure are quite serious for the risk of ethanol abuse
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in adolescence (1, 9). In this respect the present review
emphasizes a surprising sensitivity to ethanol’s chemo-
sensory features early in development. These chemosensory
characteristics allude to the perception of ethanol as a
combination of sweet and bitter tastes, retronasal odor
volatiles, and oral irritation (15, 16). Also emphasized is the
limited exposure to ethanol needed to sensitize the
developing animal’s detection of ethanol and disposition
to ingest ethanol. An important mechanism in this effect is
cognition, illustrated by clear evidence that the fetus
engages in learning about ethanol characteristics and its
associates. In the following sections of this review, we will
analyze fetal sensory and learning capabilities and how
these processes can modulate subsequent ethanol intake or
seeking patterns.

Basic Sensory and Learning Capabilities of the
Fetus

Animal Studies. Definitive experiments to assess the
effects of ethanol on brain function require tests of animal
models and could not ethically be conducted with humans.
The most frequent animals tested for this purpose are
rodents, which have a number of scientific advantages. For
instance, the rate of brain development in this animal is
remarkably rapid. The rat brain is a good bit more immature
at birth than is the human’s. In humans, the brain goes
through a period of rapid physical growth, beginning in the
third trimester and continuing into postnatal life. In rats, the
brain growth spurt (part of the third-trimester equivalent)
occurs primarily during the first and second postnatal week,
yet within the next 2 weeks the rapid growth of the rat’s
nervous system yields a brain equivalent in maturation to
that of a 10- to 12- year-old human (17, 18). This allows
study of the effects of ethanol on the fetal rat brain late in
gestation, which will be seen to promote subsequent affinity
for ethanol and its abuse. Such a model also allows tests of
the effects of ethanol on the postnatal animal when its brain
corresponds in some significant ways to that of the human
fetus and subsequently during a period corresponding to the
human’s early childhood.

Until the beginning of the past decade, the prenatal
environment was viewed as affording limited possibilities,
at most, for the fetus to acquire information from its
surroundings. Neurophysiologic and anatomic development,
not mental activity, was seen as the business of gestation.
Since then, however, the scientific community has devel-
oped techniques and strategies enabling tests of the fetus’s
cognitive processing of a variety of stimuli encountered in
the womb.

There is now a general agreement that the fetus is
exposed to considerable stimulation in utero and that
maternal behavior and physiology contribute significantly
to fetal experience (19-23). Studies to assess maternal
activity in the rat during pregnancy have shown that fetuses
are exposed to a dynamic series of different stimuli. When

pregnant females ambulate or climb walls, fetuses suffer
lineal or angular acceleration. Mechanical pressure is
generated when the mother displays behaviors such as
self-grooming, and episodes of vibration are caused by hind
limb scratching. In other words, maternal activities transmit
sensory experiences as acceleration, pressure, and vibrations
to fetuses. In general, we could consider the uterine
environment as highly stimulating for the offspring,
especially during the last stages of gestation (21). The
capability to react to cutaneous, vestibular, and thermal
sensory cues emerges very early during mammalian
ontogeny (24). Neonatal re-exposure to a variety of stimuli
experienced during late gestation or during vaginal delivery
triggers significant behavioral (general activity) and auto-
nomic (heart rate) changes indicative of orienting responses
to familiar stimuli (25).

In rat and mouse fetuses the main olfactory system
appears to be the dominant chemosensory system mediating
prenatal olfaction (26, 27). The accessory olfactory systems
also may undergo stimulation during prenatal life (28, 29).
Coppola and Millar (29) suggest that the vomeronasal organ
actively samples stimuli during prenatal life in the rat, but
other studies suggest that the vomeronasal organ is unlikely
to function in the prenatal period in mice or rat fetuses,
because the anatomic route for external stimuli to reach the
receptor surface is blocked during this stage (27, 30).

Near-term rat fetuses are sensitive to a variety of
intraorally administered chemosensory cues in gas or liquid
phases. For example, lemon, mint, and cyclohexanone elicit
fixed motor action patterns (e.g., facial wiping) that
anticipate postnatal behaviors directed by airborne olfactory
cues (22, 31). Autonomic changes (e.g., bradycardia)
indicative of olfactory processing have also been observed
after intraoral stimulation with salient chemical substances
(32).

Prenatal chemosensory experiences not only elicit fetal
orienting responses but also may modulate several behav-
ioral patterns during postnatal stages. For initial postnatal
feeding (suckling), diet preferences as well as maternal-
infant interactions seem to be modulated by prenatal
chemosensory experiences. During and after labor, the
dam licks herself, and this behavior results in the placement
of amniotic fluid cues on its ventrum to guide neonates
toward nipples. The first suckling response in newborn rats
is partially guided by the chemosensory characteristics of
the amniotic fluid (32). When this fluid has been
contaminated during late gestation with an arbitrary odorant
(e.g., lemon), neonates effectively attach to a nipple scented
with the prenatally experienced cue (21). In addition,
prenatal experiences with specific chemosensory cues can
determine long-lasting behavioral effects. Smotherman (33)
reported that rats given only one administration of an apple
juice solution into the amniotic fluid during gestational day
(GD) 20 showed a clear preference for apple juice during
adulthood.

Habituation, one of the simplest learning processes, has
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been observed in many species during the course of late
prenatal development. For example, the administration of
lemon flavor directly into the oral cavity of a rat fetus
increases its general motor activity, considerably reduces its
heart rate, and elicits facial wiping behavior. After repeated
stimulation with lemon odor, behavioral and autonomic
responding stabilizes, reaching basal levels of responsive-
ness. The possibility that progressive decrements in
responding to the lemon odor were due to fatigue rather
than habituation was ruled out through the use of novel
stimuli that reinstated the original levels of responding (34,
35).

Near-term fetuses are also capable of associating
independent stimuli presented in close temporal contiguity.
Prenatal associative memories have been generated as early
as GD 17 by employing a conditioned taste aversion
paradigm. Generally, a salient chemosensory stimulus
(conditioned stimulus, CS) administered directly into the
amniotic fluid is paired with an intraperitoneal injection of
LiCl (lithium chloride) that induces a toxic aversive state
(36-38). Rats treated in this way prenatally avoid suckling
from maternal nipples odorized with the CS, take longer
than controls to approach a dam tainted by the CS, and
spend less time in nesting material odorized with this
chemosensory cue (37).

Long-term effects of prenatal associative learning have
also been evaluated during late adolescence (39). Pregnant
rats on either GD 15 and GD 16 or GD 18 and GD 19 had
access to a garlic solution that was or was not associated
(controls) with the induction of LiCl toxicosis. During
adolescence, garlic consumption patterns were evaluated.
Adolescents given garlic paired with LiCl prenatally
exhibited reliable conditioned taste aversions, an effect that
was particularly robust when conditioning took place during
GD 18 and GD 19.

Prenatal conditioned aversions seem to be mediated by
glutamate receptors. Mickley et al. (40) evaluated the
generation of aversive conditioned responses in fetuses
previously given an NMDA receptor antagonist (ketamine).
Rat fetuses (GD 19) were given injections of the NMDA
receptor antagonist or saline and then exposed to saccharin
associated with LiCl toxicity. When re-exposed to saccharin
(GD 21), fetuses given ketamine injections failed to exhibit
changes in facial responsiveness seen in controls given
saline injections. Apparently blockade of glutamatergic
receptors interfered with the acquisition and/or expression
of fetal conditioned aversion.

The rat pup’s first postnatal suckling response to a
maternal nipple is essential for the survival of the neonate. A
technique based on the use of a surrogate nipple, applied to
the fetus as well as the neonate, has allowed systematic
examination of how suckling behavior develops and how
early learned experiences modulate subsequent nipple
attachment (41). In near-term fetuses (GD 20-GD 21) a
single experience comprising access to a surrogate nipple
explicitly paired with milk infusions is sufficient to establish

conditioned nipple-grasping responses (42, 43). The point is
to illustrate the rat fetus’s capability for learning and
memory to which we shall return.

Human Studies. As is the case in other altricial
species (see the preceding text), the sense of smell in
humans is functional long before birth. During the last
gestational trimester the human main olfactory system is
functional in terms of odor detection and discrimination and
also appears to mediate olfactory learning and memory
processes (for reviews see Refs. 44, 45). The first suckling
response in humans seems to be guided by orosensory cues
previously perceived by neonates in utero (46). The
suckling behavior of human neonates generally is modified
by changes in the maternal diet or by the incorporation of
novel sensory cues into milk (47-49).

Human neonates are also capable of recognizing and
discriminating chemosensory cues previously encountered
in the uterus, implying fetal learning. As originally
demonstrated by Schaal er al. (50), newborns detect the
amniotic fluid odor and remain attracted to it for at least 2
days after delivery. In a follow-up study these authors
demonstrated that 3-day-old newborns preferentially orient
to the odor of the biological mother, showing clear
familiarization effects of the prenatal experience (31, 51,
52). A few hours after birth, human neonates show orienting
head movements, attachment, and suckling behaviors when
exposed to the maternal breast scented with amniotic fluid
that was collected during labor (45). The scent of the
amniotic fluid also exerts calming effects (crying decre-
ments) for babies separated from their biological mother.
These effects are significantly higher in magnitude than
those recruited by only maternal breast odor, which
emphasizes the prenatal olfactory contribution (53). This
capacity for human neonates to orient to odors encountered
as fetuses was an impetus for the study by Faas ef al. (10)
mentioned in the introduction of the present paper.

The neonate’s preference for smells experienced in
utero decreases during the first days of postnatal life as a
function of new experiences with alternative odorants.
Babies evaluated 4 or 5 days after birth clearly prefer odors
characteristic of the maternal breast over chemosensory
stimuli that were present in utero (54). Marlier et al. (55)
studied whether human neonates are capable of discrim-
inating intrauterine olfactory cues from odorants typically
perceived during breastfeeding. Two-day-old babies are
capable of recognizing the scent of the amniotic fluid as well
as that of colostrum when these cues are presented
independently. They show similar preferences for these
odorants in a two-way location test. At 4 days of age, the
infants are still capable of discriminating the odors of
amniotic fluid and maternal milk, but now they clearly show
preferences for the milk. These results suggest that babies
go through a period of transition in terms of their preference
for biological chemosensory cues, from amniotic fluid to
colostrum, and then to maternal milk (55, 56). As
mentioned, morphologic and histologic studies in mammals
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indicate that olfactory subsystems responsible for chemo-
sensory perception start developing during early gestational
stages. In the human being, these systems are functional
during late gestation, even when they have not yet
completed maturity (57). Additional studies suggest that
vomeronasal epithelial cells are already functional in 5-
month-old fetuses (58).

As is the case in various animal species (e.g., rabbits
[59, 60], sheep [50], and rats [33, 61, 62]), prenatal human
experiences derived from chemosensory constituents of the
maternal diet have a profound effect upon later responsive-
ness to these constituents. For example, orofacial respon-
siveness to the smell of anise has been evaluated in human
neonates whose mothers had or had not consumed anise-
flavored sweets during the last 2 weeks of pregnancy.
Babies of mothers who had not consumed anise expressed
more negative orofacial responses toward this stimulus than
babies prenatally exposed to this cue through their mothers’
ingestion of anise. Mouthing responses to anise were also
higher in the babies prenatally exposed to this odor (62).
Prenatal chemosensory experience in humans apparently
can shape orofacial correlates of hedonic processing in the
infant.

In summary, substantial neuroethologic research con-
ducted during the past two decades has shown that the near-
term fetus is sensitive to chemosensory stimuli administered
directly into the amnion or that result from maternal
ingestion. Prenatal exposure to these stimuli determines
postnatal detection of related chemosensory events and
helps regulate hedonic responsiveness to them. Studies also
indicate that the fetus can associate flavored stimuli with
aversive (e.g., lithium) and appetitive (milk) unconditioned
stimuli. We now examine how tests of these phenomena
inspired and have merged with the analysis of fetal exposure
to ethanol.

Learning About Ethanol in the Fetus

Before examining fetal responsiveness to ethanol and
the possibility of prenatal associative learning mediated by
ethanol’s reinforcing effects, we will briefly provide an
overview of how developing rats react to and encode
information about ethanol (1, 63). This overview should
help clarify the basis for short-term and long-term effects of
fetal exposure to ethanol.

Under a variety of experimental circumstances, in-
fantile familiarization with ethanol odor has been observed
to promote olfactory preferences for ethanol and heightened
ethanol consumption. These effects can be detected soon
after ethanol exposure or even during adolescence and
adulthood (64-66). Infant rats also process ethanol’s
chemosensory attributes during the course of an acute state
of intoxication induced by intragastric administrations of
ethanol doses that range between 1.5 and 3.0 g/kg (67).
Nonmetabolic elimination of ethanol (via urination, respi-
ration, and/or salivation) and hematogenic stimulation of

nasal and vomeronasal receptors seem to explain these
findings (68-70). Further evidence indicative of sensory
processing of ethanol derived from the state of intoxication
in infants has been reported by Lopez and Molina (71).
After sequential episodes of ethanol intoxication, infants
showed heightened predisposition to ingest not only an
ethanol-flavored solution but also a quinine-sucrose mixture
known to represent a psychophysical equivalent of ethanol’s
taste (72-74).

Several associative learning studies have indicated that
experience with ethanol during infancy is capable of
modifying later profiles of acceptance and reactivity to
ethanol. When infantile ethanol intoxication is associated
with an intraoral infusion of a sweet reinforcer, pups
subsequently exhibit heightened ethanol intake and ethanol
odor preferences (75). Opposite effects are encountered after
ethanol intoxication paired with aversive nociceptive
stimulation (76). Similar conditioned aversions have been
reported after ambient ethanol odor stimulation associated
with the induction of a toxic state caused by an emetic drug
(LiCl or apomorphine). In contrast, if ethanol odor is
presented during recovery from apomorphine toxicosis,
infants later exhibit heightened ethanol preferences (64, 77).

Further evidence that infants readily detect ethanol and
associate its sensory properties with reinforcers is seen in
the context of nursing. Infants intraorally stimulated with
milk contaminated with ethanol while suckling from an
anesthetized dam express conditioned mouthing responses
when they are re-exposed to the odor of ethanol (78).
Several studies have also indicated that during the first two
postnatal weeks ingestion of minimal amounts of ethanol in
maternal milk (a concentration equal to 0.22 % [v/V]
ethanol), pups became sensitized to detection of this low
ethanol concentration (79-81). These doses cause hypo-
thermia in the dam and disruption of maternal behavior, thus
allowing an opportunity for the infants to learn an
association between ethanol and altered maternal states
(82, 83).

Not only are infant rats sensitive to processing ethanol’s
sensory properties as conditioned stimuli when paired with
either appetitive or aversive reinforcers, but also they are
also highly reactive to ethanol’s postabsorptive motivational
effects. As with adult animals, high ethanol doses (1.2-3.0
g/kg yielding peak blood ethanol levels equivalent to 70—
175 mg/100 ml, respectively) (84) act as aversive uncon-
ditioned stimuli in the infant rats, supporting the acquisition
of chemosensory as well as tactile-conditioned aversions
(65, 85-88). Recently, it was reported that after pairing a
surrogate nipple or a novel odor with low ethanol doses
yielding 15-20 mg/100 ml blood ethanol levels, newborn
rats (3—24 hrs old) increase their appetitive suckling activity
in the presence of this nipple or odor; thus, this result
indicated positive reinforcement from the ethanol (89-91).
There is corresponding evidence that ethanol doses yielding
blood ethanol levels ranging from very low (15 mg/100 ml)
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to moderately high (80 mg/100 ml) are likely to exert
negative reinforcing (antianxiety) effects in infant rats (92).
This evidence illustrates the vast potential for learning
about ethanol early in infancy, whether as a signal for other
appetitive or aversive consequences or as an appetitive or
aversive consequence itself, signaled by other events.

Brief Fetal Experiences with Ethanol in the
Amniotic Fluid

The notion that detection and retention of ethanol’s
sensory properties are not restricted to postnatal life
originated in a series of studies performed during the early
1990s. The leading question was whether brief exposure to
ethanol, directly administered into the amniotic fluid, would
allow later ethanol recognition. The strategy was to avoid
fetal intoxication and hence teratologic effects or post-
absorptive motivational consequences. The procedure took
place during the last GD and included externalization of the
uterine horns to allow administration of ethanol or a control
odorant (lemon) into the amniotic sacs. Ten minutes after
ethanol or lemon odorant were administered into the
amniotic sacs, pups were delivered by cesarean section.
Peak ethanol levels in the amniotic fluid were equivalent to
100 mg/100 ml, and ethanol was undetectable in fetal blood.
Eight days later, pups prenatally exposed to ethanol showed
a significantly greater preference for ethanol odor and
greater ingestion of ethanol than did controls (93). Addi-
tional studies further indicated enhanced autonomic orient-
ing to ethanol odor after the brief fetal experiences with
ethanol (94). This experience with ethanol odor also
facilitated appetitive learning and inhibited aversive learning
later in life when this odor was associated with pleasant
(sucrose) or unpleasant (peripheral nociception) uncondi-
tioned stimuli, respectively (95).

These experiments leave little doubt that the near-term
fetus processes ethanol’s chemosensory characteristics and
that this experience can predispose the animal to react
positively to these characteristics. Were these effects solely
determined by mere exposure to ethanol’s chemosensory
properties? Apparently, this was not the case. Recall that
ethanol contamination of the amniotic fluid occurred just a
few minutes before cesarean delivery and, in some
conditions, stroking procedures (i.e., tactile stimulation of
the newborn that resembles maternal behaviors leading to
behavioral activation of the newborn and hence optimiza-
tion of survival rates) (24, 96). Stroking procedures act as
reinforcers capable of supporting associative learning to
novel odorants in the newborn rat, as assessed through
neural and behavioral levels of expression (97). Under this
perspective it is possible that the fetus not only processed
ethanol odor but also associated it with birth-related stimuli
biologically relevant to survival. This hypothesis was
supported by demonstration of the following: (i) the
temporal delay between fetal exposure to ethanol and the
combination of cesarean delivery and stroking were

negatively correlated with postnatal motor orienting to
ethanol odor (98), (ii) postnatal nonreinforced exposure to
ethanol odor markedly weakened subsequent reactivity to
the ethanol odor previously presented in close temporal
contiguity with the birth process (a phenomenon that
resembles extinction of associative learning) (99), and (iii)
postnatal pairing of ethanol with behaviorally activating
stimulation can promote retrieval of or further strengthen
fetal memories of the prenatal ethanol exposure (100).
These results suggest that the fetus engaged in associative
learning involving ethanol and birth-related stimuli.

Fetal Learning About Ethanol Derived from
Maternal Intoxication with the Drug

During pregnancy, ethanol ingested by or administered
to dams is rapidly distributed throughout amniotic fluid and
fetal blood. Pregnant rats intragastrically administered 1.0 or
2.0 g/kg ethanol once each day near the end of gestation,
GD 17-GD 20, deliver viable offspring that are indistin-
guishable morphologically from neonates born to those of
control dams. More specifically, no teratogenic effects are
observed in terms of litter size, birth body weight, size and
weight of brain hemispheres, cerebellum and olfactory
bulbs, weight of the placenta, and length of the umbilical
cord. Pharmacokinetic analysis indicated that peak amniotic
fluid and maternal and fetal blood levels are very similar
within each prenatal ethanol dose (1.0 g/kg: about 40 mg/
100 ml; 2.0 g/kg: about 120 mg/100 ml) (101).

In humans, blood ethanol levels similar to that
encountered with the 1.0 g/kg ethanol dose in rat dams
are observed after consumption of two to four standard
drinks. This correspondence is very rough and subject to
error induced by species-related differences in ethanol
metabolism. The ethanol content encountered by the rat
fetuses in the prenatal milieu recruits processing of ethanol’s
chemosensory characteristics (95). Behavioral studies have
confirmed this by demonstrating that neonates born to
ethanol-treated dams rapidly detect the presence of ethanol
in an air stream. This effect is highly specific because it does
not generalize to other volatile substances (e.g., lemon odor)
(101).

In a subsequent study, neonates prenatally exposed to
ethanol during GD 17-GD 20 were evaluated in terms of
motor responses elicited by the amniotic fluid of the dam,
ethanol, or a combination of both stimuli presented in a gas
phase (102). The results were surprising: ethanol-exposed
neonates reacted to the odor of ethanol in the same way
control neonates did to amniotic fluid, the natural scent that
predominates for controls during gestation.

Two-week-old infant rats born to dams treated with 0.0,
1.0, or 2.0 g/kg ethanol during late gestation were tested for
consumption of five solutions that varied in their similarity
to the flavor of ethanol: sucrose, highly appetitive to infant
rats and sharing the sweet taste of ethanol; quinine, which
shares the bitter aversive flavor of ethanol; a mixed solution
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of sucrose and quinine, known to be psychophysically
equivalent to the flavor of ethanol (72, 103); ethanol itself;
and water. Consumption of sucrose, quinine, or water was
not affected by prenatal treatment, yet prenatal ethanol
exposure resulted in heightened consumption of the ethanol
solution and its sensory equivalent (sucrose-quinine) (102).
Recent studies have confirmed these results, and the use of
taste reactivity tests indicate that the palatability of ethanol
is enhanced as a function of prenatal ethanol experience and
that exposure to ethanol during late gestation subsequently
increases ethanol consumption during adolescence (104,
105). This latter effect was markedly attenuated when
naloxone, a nonselective opioid antagonist, was adminis-
tered to the pregnant female in conjunction with ethanol or
when postnatal re-exposure to ethanol was also accompa-
nied by naloxone administration (106). The opioid system
modulates responsiveness to ethanol’s reinforcing effects as
well as ethanol’s palatability (106—111). The opioid system
appears functional during late gestation and has been
demonstrated to regulate hedonic contents of fetal and
infantile associative memories (42, 112-114).

Are these changes in subsequent response to ethanol
determined solely by prenatal exposure to ethanol’s sensory
attributes? This question deserves several considerations.
From a pharmacokinetic approach, ethanol not only accumu-
lates in the amniotic fluid after maternal administration but
also is distributed in fetal and maternal circulatory systems.
From a psychobiological perspective, the levels of ethanol in
the fetus reach or excede, according to maternal dosage, those
known to render reinforcing effects capable of supporting
associative learning in infant and adult organisms (1, 63, 90,
91, 114, 115). Integrating both perspectives, maternal ethanol
treatment could result in reinforcing consequences as well as
sensory processing of ethanol that might become associated by
the fetus; however, how can we analyze the hypothesis that
ethanol intoxication supports fetal associative learning while
the possible impact of pre-exposure to ethanol’s sensory
effects is adequately controlled for?

The experimental strategy chosen was to employ a
nonethylic chemosensory cue as the CS that, when
administered to the dam, would allow the fetus to process
its sensory attributes and become associated with ethanol’s
central consequences through arrangement of a close
contingency between the occurrences of the former and
the latter. Cineole (the main component of eucalyptus oil)
was chosen as the CS. This substance is nontoxic at low
concentrations, has salient aromatic characteristics, and has
a low molecular weight to allow rapid distribution in the
prenatal milieu (116, 117). Also important, ethanol and
cineole have similar pharmacokinetic profiles in terms of
distribution and elimination rates in maternal blood and in
the prenatal environment (118). Knowing the temporal
pharmacokinetic profiles of cineole in the amniotic fluid and
of ethanol in the fetus set the basis for controlling temporal
contiguity between these elements (cineole as the CS and
maternal-fetal intoxication as the unconditioned stimulus).
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Figure 1. Mouthing duration (sec) generated by cineole intraoral
infusions as a function of prenatal treatment (water group, paired
group, and long-delay group) and interval of the test (-2, -1, 0, 1, 2,
3,4, 5,6, 7,8, and 9 mins). Intraoral stimulation took place during
interval 0. Vertical lines represent the standard errors of the means
(adapted from Ref. 118). The asterisk denotes significant differences
between the paired group and the remaining prenatal treatments.

During GD 17-GD 20 pregnant rats were administered
cineole in close temporal proximity with maternal ethanol
administration (2.0 g/kg) (paired group). A second group of
dams received cineole and ethanol administrations separated
by a 4-hr time interval to minimize the contingency between
these events (long-delay control). Hence, the sole difference
between paired and long-delay fetuses was length of the
time separating cineole and ethanol intoxication. Rat fetuses
and infants condition poorly or not at all with long-delay
intervals. This provides a conservative control condition for
assessing associative learning (119-121). A third group of
dams only received water. The experimental strategy proved
to be successful: cineole-ethanol associative memories were
expressed in a chemosensory test during the third postnatal
week of life. Although prenatal treatment did not affect
mouthing to infused milk, it clearly affected mouthing in
response to cineole (Fig. 1). Infants prenatally exposed to
paired presentations of cineole and ethanol intoxication
mouthed significantly less to infused cineole than did
controls (118). In other words, these results support the
notion of infantile expression of conditioned responses
elicited by an olfactory stimulus that was prenatally
associated with maternal-fetal ethanol intoxication.

The effects of prenatal olfactory learning supported by
prenatal ethanol exposure have also been analyzed in terms
of the newborn’s first suckling response. Prenatal associa-
tive learning procedures again included presentation of
cineole (CS) paired or unpaired with the onset of acute
ethanol intoxication (US). How the presence or absence of
the prenatal CS modulated the structure of the first suckling
response was addressed through tests with a surrogate
nipple that delivered milk as a consequence of neonatal
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Figure 2. Time of attachment (seconds) to a nutritive surrogate
nipple as a function of prenatal treatment (water group, paired group,
and long-delay group) and the odor presented at testing (cineole or
no odor). The test had a total duration of 10 mins. Vertical lines
represent the standard errors of the means (adapted from Ref. 125).
The asterisk denotes significant differences between the paired group
stimulated with cineole and the remaining treatment conditions.

attachment (122-124). Neonates prenatally exposed to
cineole associated with ethanol intoxication exhibited
heightened responsiveness to the nutritive surrogate nipple
when in the presence of the odor used as a CS during
gestation (125). These results are depicted in Figure 2.
Similar effects were obtained when the newborn in the
paired condition was briefly re-exposed to cineole odor
before testing, but not if newborns were exposed to a novel
odorant before or during exposure to the nipple (Fig. 3A).
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prenatal ethanol exposure can act as a US capable of
supporting associative learning. An acquired memory may
be reactivated when the organism is re-exposed to one or
more elements involved in the acquisition of the original
learning experience; among others are redundant contextual
cues, contingent presentations of the CS and US, or even the
US alone (126-133). This reactivation effect also has been
observed after cineole-ethanol pairings during late prenatal
life. Newborns prenatally treated with cineole in association
with ethanol exhibited heightened responding to a cineole-
scented surrogate nipple containing milk. This effect was
particularly strong when, before the test, neonates were
intoxicated with an ethanol dose (0.75 g/kg) that yielded
blood ethanol levels similar to those attained during prenatal
treatment, as if this US reactivated the memory of its
prenatal association with cineole (Fig. 3B).

A recent correlational study that focused on maternal
sensitivity to ethanol and neonatal responsiveness to
ethanol’s sensory cues adds to the growing body of
evidence suggesting that fetal exposure to ethanol comprises
perception of its sensory attributes in conjunction with
physiologic effects inherent to the state of intoxication. One
of the multiple physiologic effects of ethanol intoxication is
disruption of thermoregulatory homeostasis (134). In adult
rats, ethanol-induced hypothermia contributes to the drug’s
ability to establish conditioned aversions (132, 133). Infants
are also sensitive to ethanol’s disruption of thermoregulation
(87). Neonates exhibit marked behavioral changes in
response to specific thermal challenges and exhibit
conditioning when thermal cues are employed as reinforcers
(25, 26, 136-139).
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Figure 3. (A) Mean grasp duration (seconds) elicited by a nutritive surrogate nipple as a function of prenatal treatment (water group, paired
group, and long-delay group) when newborns were exposed to cineole odor before the test situation. Mean grasp durations correspond to the
first and second half of the test (1-8 and 9—15 mins, respectively) (adapted from Ref. 125). (B) Mean grasp duration (seconds) to a nutritive
surrogate nipple as a function of prenatal treatment (water group, paired group, and long-delay group). Neonates were pretreated with
intragastric administrations of ethanol or water before being tested. Vertical lines represent the standard errors of the means. Asterisks denote
significant differences between the paired group and the remaining prenatal treatments (A) and the significant difference existing between
paired animals treated with ethanol before the test and the remaining control conditions (B).
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Figure 4. Time of attachment to a surrogate nipple as a function of
prenatal treatments and neonatal conditioning procedures. The data
corresponding to ethanol as an unconditioned stimulus employed
during postnatal life are representative of collapsed values of 0.25,
0.50, and 0.75 g/kg ethanol. Vertical lines represent the standard
errors of the means (adapted from Ref. 115).

Taking into account these observations coupled with
the fact that fetuses detect and retain ethanol’s sensory cues
after maternal administration, we asked whether ethanol’s
thermoregulatory disruptions correlated with subsequent
neonatal responsiveness to ethanol’s odor. Hypothermia was
the prevailing effect in ethanol-treated dams. Some hypo-
thermia was also observed in water-treated dams, which
serendipitously provided an advantageous control condition.
Significant correlations were obtained between the degree of
ethanol-induced prenatal thermal changes and the duration
of neonatal activity triggered by ethanol odor. With greater
ethanol-induced hypothermia, there was greater neonate
activity in response to the ethanol odor (140). The
correlation was highly specific: no comparable results
occurred for the relationship between ethanol-induced
hypothermia and the newborn’s response to a novel odorant.
Water-treated dams yielded no comparable correlation.

This correlational study strongly suggested that phys-
iologic changes in the prenatal milieu, derived from the state
of ethanol intoxication, act as important components in
modulating fetal ethanol learning processes (118, 125, 141,
142). Although these results cannot address a causal relation
between hypothermia as a US and fetal learning about
ethanol’s chemosensory cues, these results emphasize that
analysis of early memories involving experiences with
ethanol requires vigilant consideration of contingencies
existing between ethanol’s sensory properties and a variety
of ethanol’s physiologic consequences. Similar vigilance is
required for analysis when young animals or humans detect
ethanol’s chemosensory properties while intoxicated or
when interacting with biological counterparts (e.g., the
mother or age-related counterparts) that exhibit behavioral
and/or physiologic disruptions caused by ethanol (73, 79,
80, 143-147).

That the consequences of prenatal ethanol experiences
are dependent not only on ethanol’s sensory properties but
also on its diffuse consequences of its unconditioned effects
has recently received further experimental support. Prenatal
exposure to ethanol has been found to alter the neonatal rat’s
susceptibility to reinforcement from low doses of ethanol.
Pregnant females were given ethanol or water during late
gestation or were untreated. After cesarean delivery, newborns
were exposed to a surrogate nipple providing water, paired or
unpaired with intraperitoneal injections of 0.0, 0.25, 0.50, or
0.75 g/kg ethanol. After conditioning, ethanol reinforcement
effects were evaluated by the pup’s response to an empty
surrogate nipple. It was clear that ethanol reinforcement was
more effective in animals prenatally exposed to the drug: the
range of doses capable of exerting reinforcing effects was
more broad for these newborns, and the reinforcing effects
themselves were stronger than those found in rats from
prenatal control treatments (115) (Fig. 4). This study may
represent the first empirical evidence for sensitization to
ethanol’s positive reinforcing capabilities as a function of late
gestational exposure to ethanol and can be added to other
examples of sensitization of the fetus to ethanol’s effects
(148). Such sensitization may help us understand why animals
prenatally exposed to ethanol consistently show heightened
proclivity to accept ethanol for ingestion or to exhibit specific
responsiveness to ethanol odor.

When do fetuses become capable of associative
learning mediated by ethanol’s reinforcing consequences?
This question remains unanswered. Yet, there is exper-
imental evidence indicating that chemosensory, associative
learning, and memory capabilities progressively develop
during GD 16 through GD 19 in the rat (vaginal delivery
occurs on GD 21-GD 22) (149). Recent studies confirm that
this learning capability is markedly developed in the
neonate and that ethanol reinforcement is dependent on
central nervous system effects. Neonates delivered by
cesarean section express conditioned olfactory preferences
when exposed to an odorant (lemon) that had been
previously paired with an intracisternal administration of
ethanol (i.e., direct administration of the drug into the
cerebrospinal fluid). Ethanol doses that were effective in
terms of mediating appetitive learning ranged between 25
and 200 mg/100 ml. Central administration of the drug
virtually eliminated the possibility that ethanol’s chemo-
sensory or caloric attributes were involved in ethanol’s
reinforcing capabilities (150).

As is the case in adult rats (151-155), the endogenous
opioid system modulates ethanol’s positive reinforcing
effects in neonatal rats (156). Specifically, intracisternal
injections of selective antagonists of mu or kappa receptors
(d-Phe-Cys-Tyr-D-Trp-Orn-Thr-Pen-Thr-NH, [CTOP] or
nor-binaltorphimine, respectively) reduce or eliminate
ethanol’s reinforcing effects in animals born by cesarean
delivery. These results and those indicating that naloxone
suppresses ethanol’s appetitive effects during late gestation
(106) seem to support the hypothesis that positive hedonic
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components of fetal memories about ethanol are mediated
by the activation of the endogenous opioid system. This
hypothesis does not rule out alternative neurochemical
mechanisms that could be responsible for the reinforcing
effects of low to moderate ethanol doses during late
gestation. For example, the dopaminergic mesolimbic
system, which plays a critical role in the rewarding
properties of ethanol and other drugs of abuse (153, 157),
is significantly affected by prenatal exposure to moderate
ethanol doses. In rhesus monkeys, voluntary ethanol
consumption (0.6 g/kg ethanol daily) during early gestation
or throughout pregnancy results in a reduction or blunting of
the offspring’s dopaminergic function. On the contrary,
moderate ethanol intake in midgestation to late gestation
induces heightened dopaminergic function as operational-
ized through the ratio existing between striatal dopamine
(D2 receptors) binding and dopamine synthesis (158). These
findings serve to illustrate the distinct possibility that even
low to moderate ethanol exposure can affect brain reward
mechanisms (e.g., dopaminergic and opiate systems) that
can determine the hedonic valence of ethanol’s effects
during fetal exposure or later in ontogeny.

Beyond the analysis of possible neurobiological
mechanisms that may determine the reinforcing effects of
low to moderate ethanol doses during late gestation, there is
also a need to examine whether this exposure can affect
early learning and memory processes. As indicated by
Schneider et al. (159), there are very few preclinical studies
aimed at determining the effects of moderate ethanol
exposure during different gestational stages despite the fact
that this pattern of consumption is common during human
pregnancy (160). Rats exposed to low ethanol doses (blood
ethanol concentration <30 mg/100 ml) throughout gestation
show impairments in the acquisition of a spatial learning
task accompanied by long lasting alterations in hippocampal
glutamate-dependent synaptic neurotransmission (161).
From an electrophysiologic perspective, relatively low
ethanol levels (60 mg/100 ml) are sufficient to strengthen
glutamatergic synaptic neurotransmission in the newborn
rat, an effect that is partially mediated by disruptions in
neurosteroid (pregnenolone sulfate) production (162). In
other words, there is now evidence that during a stage in
development characterized by a brain growth spurt, similar
to the one observed during the third gestational trimester in
humans (17, 163), ethanol leads to a premature hippocampal
synaptic stabilization. A recent study has also indicated that
during the period of rapid synaptogenesis in the mouse, a
single ethanol dose (0.63 g/kg) yielding relatively low peak
blood ethanol levels (57 mg/100 ml) is sufficient to trigger a
significant neuroapoptosis response (164). The specific
impact of these neurobiological disruptions upon sensory
and learning processes occurring under the state of
intoxication during these early stages in development
remains to be elucidated. Detrimental effects are likely to
be expected, but they appear not to be sufficient to impede

fetal detection and learning about ethanol’s sensory and
postabsorptive attributes.

Does exposure to low or moderate ethanol doses during
late gestation also affect subsequent sensitivity to activating
or sedative effects of the drug that may in turn regulate
ethanol intake patterns? Only a few studies have analyzed
the possibility of differential psychomotor profiles elicited
by ethanol intoxication as a function of late prenatal ethanol
exposure. For example, Chotro and Spear (148) reported
that rat fetuses (GD 20) are more sensitive to the sedative
behavioral effects of ethanol (2.0 g/kg) when previously
exposed to 1.0 or 2.0 g/kg ethanol during GD 17-GD 19.
This psychopharmacologic outcome appears to be transient
because one day after birth rats no longer exhibit
sensitization to ethanol’s sedative effects (141). Recently,
this phenomenon has been examined later in infancy
(postnatal days 12 and 13). Infant rats exposed during late
gestation to water or ethanol (2.0 g/kg) were intragastrically
administered with either 0.5 or 2.5 g/kg ethanol. The highest
ethanol dose induced biphasic motor effects (hyperactivity
followed by hypoactivity) when infants were tested in a
novel environment. These effects were similar across
prenatal treatments (165).

Interactions Between Prenatal and Postnatal
Experiences with Ethanol

Earlier we referred to two studies (95, 99) supporting
the notion that fetal experiences with ethanol are likely to
interact with postnatal learning about ethanol, perhaps the
first evidence of this kind. In both studies ethanol was
directly administered into the amniotic fluid just before
birth. This brief experience was sufficient to modulate
postnatal conditioning to ethanol odor. More specifically,
the brief prenatal exposure to ethanol facilitated appetitive
conditioning to ethanol odor and inhibited aversive
conditioning to ethanol odor during the pups’ second
postnatal week (95). The second study focused on the
likelihood that ethanol odor processing in utero can be
associated with behaviorally activating tactile stimulation
occurring soon after birth. The latter US mimics a portion of
the maternal stimulation routinely experienced by newborn
rats and also can promote olfactory preference learning in
newborn rats (97, 99, 166—168). When paired with tactile
activation in the second study (99), prenatal exposure to
ethanol odor facilitated subsequent neonatal learning
comprising temporally contiguous presentations of ethanol
odor and tactile stimulation.

Later studies endorsed the hypothesis that sequential
fetal and infantile experiences with ethanol may result in the
developing organism becoming still more responsive to
ethanol’s sensory properties. For example, infantile ex-
posure to ethanol’s chemosensory properties directly or
through interaction with an intoxicated sibling facilitated
subsequent expression of cardiac and behavioral respon-
siveness to ethanol odor, but only if infants had also been
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Figure 5. Mean intake scores of a low concentrated ethanol solution (0.22% [v/v]). The solution was intraorally delivered at postnatal days 15
and 16. Pups at this age have the capability to ingest or reject intraorally delivered liquids. Intake scores are operationalized through the
percentage of increases in the pups’ body weights. These scores were calculated as follows: 100 X [(postinfusion weight — preinfusion weight) +
preinfusion weight]. Groups are defined as a function of prenatal and postnatal experiences with ethanol (water-water, water-ethanol [EtOH],
EtOH-water or EtOH-EtOH). Vertical lines represent the standard errors of the means (adapted from Ref. 83).

exposed to ethanol as fetuses during the last 4 GDs (169).
Two recent studies have extended these findings and aid in
the explanation of this pattern of results.

In the first study, detection of low concentrations of
ethanol in water (0.22% [v/v] ethanol solution) was altered
by sequential prenatal and postnatal ethanol experiences
derived from maternal ethanol intoxication in both cases.
Near-term pregnant females were given water or an ethanol
dose (2.0 g/kg) known to promote fetal sensory processing.
Half of each of these groups was then exposed to ethanol
during the nursing period, and half was not. Infant rats were
tested for their intake of a 0.22% (v/v) ethanol solution, a
concentration similar to that encountered in the amniotic
fluid and in breast milk when dams were intoxicated while
pregnant or while breastfeeding. Beginning the day after the
first intake test, infant rats exposed to ethanol both
prenatally and postnatally consumed significantly more
ethanol than animals from alternative maternal treatments
(84) (Fig. 5). Apparently, information acquired during
prenatal and postnatal exposure to ethanol facilitates
subsequent responsiveness to very small concentrations of
ethanol, even if it is presented in a different vehicle from
that in which it was previously experienced (water rather
than amniotic fluid or milk). It is unlikely that these effects
were determined by differential behavioral sensitivity to
ethanol’s psychomotor effects. As originally stated by Pueta
et al. (84), the maximum amount of absolute ethanol that
pups could consume in these tests was equivalent to 0.03
g/kg. Hence, it appears that both prenatal and nursing
experiences with ethanol sensitized the rats’ perception of
ethanol’s chemosensory attributes, with greatest sensitiza-
tion occurring from a combination of these early experi-
ences (84, 148, 170).

The second study was meant to analyze the persistence

of prenatal ethanol effects into adolescence in terms of
social interaction with an ethanol-intoxicated partner and
preference for ethanol odor (171). Dams were treated during
late gestation with ethanol or with water. During adoles-
cence, rats were tested in terms of social interactions with an
ethanol-intoxicated or a sober partner. Infant and periado-
lescent rats show preferences for ethanol odor after they had
interacted with intoxicated counterparts, a phenomenon
probably regulated by sensory exposure to ethanol derived
from the partner’s nonmetabolic elimination of the drug
(143-145). Prenatal ethanol experience heightened social
investigation of intoxicated partners but had no effect on
social behavior with a sober partner. Fetal experience with
ethanol was also observed to increase the adolescent’s
preference for ethanol odor (171).

It seems clear that the combination of fetal and infantile
experience with ethanol results in heightened sensitivity to
ethanol’s chemosensory attributes. Is there any evidence
that this combination also has a special impact on ethanol’s
reinforcing consequences? No significant effects have been
observed in tests of conditioned aversion to high doses of
ethanol during later infancy (84, 141). At present, we know
of no tests of the interaction between gestational and
infantile exposure to ethanol on subsequent sensitivity to
positive or negative (antianxiety-like) reinforcing effects of
ethanol.

Final Considerations: Relationships Between
Preclinical and Human Studies of Effects of
Moderate Prenatal Exposure

The link between prenatal ethanol exposure and
subsequent use and abuse of ethanol has been the focus of
a significant number of epidemiologic and animal studies,
most of which focused on the impact of high levels of
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exposure to ethanol (1, 172). There is considerable agree-
ment that ethanol exposure during pregnancy results in
either a predisposition to consume (102, 104, 105) or
changes upon the pattern of reactivity to ethanol (6, 10, 93—
95, 100-102, 159, 161) later in life. Recent epidemiologic
studies have systematically indicated that even when
controlling for variables known to affect ethanol use and
abuse (e.g., genetic predisposition as assessed through
family history of alcoholism, gender, co-use of other
psychotropic agents throughout gestation, and different
environmental factors), prenatal ethanol exposure strongly
predicts later ethanol drinking patterns and ethanol-related
problems (173-177). The reliable association between fetal
ethanol exposure and juvenile alcohol problems has lead
Baer and colleagues (174) to conclude that “studies of
alcoholism etiology and family history need to include
consideration of even modest levels of fetal alcohol
exposure.” The mechanisms that may account for the above
mentioned association are diverse and complex. Direct
effects of ethanol upon neurochemical systems known to
regulate ethanol-seeking or intake behaviors (e.g., dopamine
[178, 179] and GABA [180, 181]) as well as teratologic
consequences leading toward hyperactivity, altered emo-
tional states, sleep disorders, or mental retardation cannot be
discarded in the structure or modulation of ethanol use and
abuse (182-184).

On the other hand, the focus of the present review is
related with studies of effects of low to moderate ethanol
exposure during ontogenetic stages characterized by the
emergence of functional sensory and learning systems.
Infant rats as well as human babies are shown in this review
to express behaviors indicative of prenatal memories about
ethanol. In a variety of experimental circumstances,
preclinical research has shown that these ethanol experi-
ences result in the following: (i) detection and retention of
sensory information about ethanol, (ii) processing of
ethanol’s postabsorptive effects that have an impact upon
maternal-fetal physiology, (iii) associative learning medi-
ated by ethanol’s effects, (iv) increased sensitivity to
reinforcing motivational components of the state of
intoxication, and (v) apparent establishment of a behavioral
foundation that modulates the impact of subsequent ethanol-
seeking and intake patterns.

These findings, the well-known teratogenic effects of
ethanol, and the negative correlation between onset of
ethanol experience and severity of subsequent drug-related
problems support primary preventive health policies that are
reluctant to accept as “safe” any amount of ethanol during
pregnancy. In this respect, the literature reviewed in the
present work adds to a growing body of evidence indicating
negative health outcomes derived from even modest
maternal ethanol intake and should help to emphasize the
existing recommendation of abstinence during pregnancy
(185-187).

We thank Catriona A. Kirkwood, Olga B. Haymal, and Teri
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