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Abstract

Postnatal Alcohol Exposure Influences Adolescent Olfactory Responses To The Drug
Danielle E. Harrison
Dr. Steven L. Youngentob

Abstract
Human studies illustrate that alcohol exposure while breastfeeding produces

a memory of the alcohol scent and modifies behavioral responses to the odor of the
drug. The memory and modified behavioral response to alcohol odor suggest that

the addictive attributes of alcohol may contribute to patterns of use that increases
the risk for alcohol abuse later in life. There is a growing body of evidence that
demonstrates prenatal alcohol exposure produces a memory and modified

behavioral response to alcohol odor that persists into adolescence, and contributes
to alcohol abuse. Given that both postnatal and prenatal alcohol exposure has

lasting effects on infants, this study investigated whether rats exposed to alcohol

while breastfeeding have a prolonged memory and modified behavioral response to
alcohol odor. Long-Evans Hooded rat pups were exposed to alcohol during

breastfeeding via the dams' liquid diet. Control animals received ad lib access to an
isocaloric, iso-nutritive liquid diet after delivery of their litter up to weaning. To

control for effects of malnutrition pair-fed animals were given a control liquid diet

equivalent in quantity to the amount their matched animal provided with an alcohol
diet consumed the day before. When litters reached adolescence, the behavioral
II

and neurophysiological responses to alcohol odor in a male and female animal from
each litter was examined. Relative to controls, animals exposed to alcohol

postnatally displayed an altered breathing pattern response to alcohol odor

specifically, and an altered breathing pattern and neurophysiological response to

novel odorants. The findings of this study builds on the growing body of research
that shows the consequences of postnatal alcohol exposure.
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BACKGROUND

Early Postnatal Alcohol Exposure
Early postnatal alcohol exposure is a concern due to growing evidence that

shows the detrimental impact alcohol has on the developing nervous system
(Goodlett and Lundahl, 1996; Ikonomidou et al., 1999; Pierce et al., 2010).

Throughout time, humans have inadvertently exposed infants to alcohol, risking the

child’s developing nervous system. In underdeveloped countries, exposure typically
occurs via skin absorption as parents and doctors treat the umbilical cord with

alcohol to prevent infection and advance the detachment of the cord (Backstrand,
2001; Pepino and Mennella, 2004). Infant alcohol exposure also occurs via

breastmilk due to the common use of alcohol consumption by mothers to increase
milk production (Backstrand et al., 2001; Pepino and Mennella, 2004).

The use of alcohol to increase a mother’s milk production is documented to

have occurred or to be occurring in multiple countries including Australia,

Argentina, Brazil, Canada, Mexico, the US, and Spain (Mennella, 2002; Nascimento et
al., 2013; Marchetta et al., 2012; Pepino and Mennella, 2004). For example, a study
in Australia conducted by the National Health Survey reported that alcohol

consumption increased in lactating Australian women between 1995 and 2001 from
76.6% to 80.9% (Giglia et al., 2008). These authors also reported that, as of 2006,

the Netherlands, New Zealand, and the United Kingdom’s departments of health
“suggested scheduled occasional drinking of low to moderate amounts while

lactating.” Though the US Department of Health and Human Services suggests that
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no alcohol should be consumed while pregnant or lactating, the Center for Disease

Control and Prevention reported that 1 in 13 pregnant women in the US consumed
alcohol (Giglia et al., 2008; Marchetta et al., 2012). Researchers also found that

women who drank during pregnancy were significantly more likely to drink while
lactating, supporting the suggestion that the 1 in 13 women who drink during

pregnancy in the US are likely to also consume alcohol while breastfeeding (Giglia et
al., 2008; Marchetta et al., 2012). In 2002, Mennella published a study that reported
the advice health professionals gave to 410 women in the Delaware Valley of

Pennsylvania throughout pregnancy and lactation (Mennella and Beauchamp,

2002). Mennella reported that 25% of women claimed that they were encouraged

to consume alcohol by health professionals, 54% received no advice, and 21% were
advised by health professionals to refrain from alcohol (Mennella and Beauchamp,
2002). Of the 21% that were advised to refrain from drinking, 23% of the women
were encouraged to consume alcohol after they began lactating (Mennella and

Beauchamp, 2002). It was reported that 20% of breastfeeding women in Canada
consume alcohol due to a dearth of information about the impact alcohol in

breastmilk has on infants, and because of myths promoting alcohol use to improve
the quality of breastmilk, improve the letdown reflex, and promote infant sleep

(Popova et al., 2013).

Cultural studies show that there are varying reasons why women drink

alcohol while breastfeeding. In Mexico, it is documented that mothers drunk

Pulque, an alcoholic beverage believed to provide the mother with the necessary

nutrients that were considered “problem micronutrients” in Mexico, and to increase
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their yield of milk (Backstrand et al., 2001). Women in Argentina used the alcoholic
beverage, Mate, to increase their milk productivity because of a dearth of

information from friends, family, and health professionals about alcohol’s effect on
lactating mothers and their developing infants (Pepino and Mennella, 2004).

Breastfeeding Brazilian women were found to consume alcohol moderately despite
“national guidelines recommending that alcohol should not be consumed during pre
or post-natal care” (Nascimento et al., 2013).

Interestingly, no socioeconomic

differences were found between Brazilian women who chose to consume alcohol
while breastfeeding relative to women who chose not to consume alcohol while

breastfeeding (Nascimento et al., 2013). The Brazilian study stated that alcohol “is
present in the daily life of the Brazilian population” and “common during pregnancy
or lactation” (Nascimento et al., 2013).

Despite claims of alcohol use by mothers to increase their yield of milk,

Mennella and Beauchamp, found that alcoholic drinks do not increase milk

production (Mennella and Beauchamp, 1993). Importantly, their study concluded

that infants who fed from a mother that consumed one alcoholic drink within 4

hours of breastfeeding drank significantly less milk than infants who fed from a
mother that did not consume any alcohol prior to their infant’s feeding. The

consumption difference Mennella and Beauchamp observed between infants that
fed from mothers who consumed alcohol and mothers that had not consumed

alcohol prior to breastfeeding was recorded from infants that all spent an equivalent
time attached to their mother feeding (Mennella and Beauchamp, 1993). It is not
clear why the infants in Mennella and Beauchamp's study had not consumed the
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same amount of milk since they were attached to their mother's for an equivalent

amount of time, and mothers from both groups described similar sensations for milk
let down during and immediately after the infant had detached from their breast

(Mennella and Beauchamp, 1993). An experiment that used rat pups demonstrated

that suckling-induced prolactin and oxytocin release were impeded by alcohol

consumption (Subramanian and Abel, 1988; Subramanian, 1999). Since prolactin
release stimulates milk production, Subramanian and Abel’s findings suggest that
milk production is likely inhibited by alcohol (Subramanian and Abel, 1988).

The ingestion of alcohol via breastfeeding is a concern because of evidence

from both human and rodent studies that show alcohol is transferred from the

lactating mother to her infant through breastmilk (Guerri and Sanchis, 1986;

Mennella and Beauchamp, 1991; Pepino et al., 1998). Alcohol passes into a lactating
mother’s milk resulting in milk alcohol levels comparable to the mother’s blood

alcohol levels (Lawton, 1985; Guerri and Sanchis, 1986). Breastmilk with traces of
alcohol is, in turn, transferred to a feeding infant, resulting in infant blood alcohol
levels that are significantly lower than the blood alcohol levels observed in their

mother (Lawton, 1985; Guerri and Sanchis, 1986). A rat study demonstrated that
preweanlings learned alcohol's orosensory cues via breastmilk exposure, and
recognized alcohol's odor 24 hours after exposure (Molina et al., 1989).
Consequences Of Postnatal Alcohol Exposure
Since the brain is not fully developed at birth and continues to develop

throughout infancy and into adolescence, exposure to alcohol continues to put the
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child at risk for aberrant neuronal development. Past experiments provided

evidence that the exposure of a single dose of alcohol or more through a mother’s
milk resulted in aberrant behavioral and physiological development in animals

(Bannoura et al., 1998; Driscoll et al., 1990; Pautassi et al., 2007; Pierce et al., 2010;
Ponce et al., 2004; Silveri and Spear, 1998). A major behavioral modification

observed in infants after exposure to alcohol in breastmilk is the infant’s sleeping
pattern. Mennella and Gerrish reported infants who drank breastmilk

contaminated with alcohol experienced a shortened time span spent in active sleep
relative to infants who consumed breastmilk not contaminated with alcohol
(Mennella and Gerrish, 1998).

Active sleep is a main factor needed to establish declarative and procedural

memories (Rasch and Gais, 2006). When memory processing is disrupted, learning

is hindered which affects a child’s overall development. For example, children

exposed to alcohol postnatally are put at risk for impaired motor development,

since procedural memory is used to encode motor skills. Pierce et al., looked at the

cerebellum given its key role in motor skills (Pierce et al., 2010). A reduction of the
vesicular glutamate transporter 2 (VGluT2), known to be present on the olivary
climbing fibers that signal to the dendrites of Purkinje cells was found in the

cerebellum of infant rats postnatally exposed to alcohol (Pierce et al., 2006; Pierce et
al., 2010). Results showed a dose dependent effect of alcohol, higher doses of

alcohol lead to greater loss of connections between olivary climbing fibers and

Purkinje cells (Pierce et al., 2010). Pierce et al., also explored an age dependent

relationship between alcohol exposure and observed damage in the cerebellum
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(Pierce et al., 2010). Animals exposed to alcohol at younger ages relative to animals
exposed to alcohol at only a few days older experienced a significantly higher

diminution of olivary climbing fiber and Purkinje cell connections (Pierce et al.,

2010). Evidence showed that postnatal alcohol exposure resulted in a decrease of
the synaptic VGluT2 components of olivary climbing fibers and a decrease in

quantity of Purkinje cells in the cerebellum (Pierce et al., 2010). Goodlett and

Lundahl also recorded a negative relationship between dose of alcohol exposure
between postnatal day (PD) 4 and PD9, and loss of Purkinje cells in rodents

(Goodlett and Lundahl, 1996). In conjunction with Purkinje cell loss, Goodlett and

Lundahl also looked at motor performance in rats between PD42 and 44 that were

exposed to alcohol between PD4 and PD9, and found significant motor performance
impairment across all dose exposures relative to adolescent rats not postnatally

exposed to alcohol (Goodlett and Lundahl, 1996). A study by Ponce et al., supported
Goodlett and Lundahl’s findings with an infant rat study that observed impaired
motor performance in an accelerod task in adolescent rats that experienced

repeated exposure to alcohol via breastmilk between PD3 and PD13 (Goodlett and

Lundahl, 1996; Ponce et al., 2004). Impaired motor performance was also shown by
PD19-20 rats on the rotarod test in a study that exposed rats to alcohol on PD2, 4, 6,
and 8 (Ewenczyk et al., 2012). Reduced oligodendrocyte gene expression was also
shown in the cerebellum of PD30 rats as a result of alcohol exposure on PD2, 4, 6,

and 8 (Ewenczyk et al., 2012). Postnatal alcohol exposure was also shown to reduce
oligodendrocyte density in the optic nerve (Vasquez et al., 2011).
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Optic nerve hypoplasia (ONH) is another condition suspected to manifest as a

result of postnatal alcohol exposure. In pursuit of an explanation for ONH as a

result of postnatal alcohol exposure, Vasquez et al., used an experimental design

that exposed rats to alcohol throughout gestation and lactation (Vasquez et al.,

2011). Their research revealed that animals at postnatal day 7, 14, and 21 exposed

to alcohol throughout gestation and breastfeeding shared traits observed in subjects
with impaired vision including: decreased oligodendrocyte density, decreased rate

of myelination, and an increased rate of optic axon loss (Vasquez et al., 2011). This
research determined that early alcohol exposure deteriorated cellular optic

development via decreased oligodendrocyte density, decreased rate of myelination,
and increased the rate of axon loss in the optic nerve.

Declarative memory defects have also been observed in rats exposed to

alcohol postnatally. Alcohol exposure throughout gestation and infancy via

breastmilk in rats disrupted social recognition in both male and female adult
rodents, relative to controls (Kelly et al., 2009). The early alcohol exposure

lengthened the time an adult male and female rodent needed to recognize a rat it
had previously interacted with (Kelly et al., 2009).

Gestational and lactational alcohol exposure has long-term effects on the

development of anxiety behavior. Maia et al., found that rats exposed to alcohol

during gestation and while nursing showed significantly more anxiety-like behavior
during adolescence than control animals (Maia et al., 2009). Although long-term

developmental effects of alcohol result in anxiogenic behavior, the immediate effects
of alcohol are known to be anxiolytic (Koob et al., 1998; Koob et al., 2004; Maia et al.,
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2009). The activation of γ-aminobutyric acid (GABA) via alcohol exposure was

shown to reduce anxiety and increase alcohol consumption relative to animals who
were given a GABA antagonist prior to alcohol exposure (Koob et al., 1998; Koob et
al., 2004; Rassnick et al., 1993; Wilson et al., 2004). This anxiolytic effect observed
in alcohol exposure is believed to be a key contributor to alcohol’s motivational
features that contribute to repeated alcohol use (Koob et al., 1998; Koob et al.,

2004). These motivational features influence later alcohol consumption patterns of
abuse (Koob et al., 1998; Koob et al., 2004).

Postnatal Responsiveness To Alcohol As A Consequence Of Postnatal Exposure
As infants construct memories from orosensory cues, physiological

modifications occur in the sensory system that can influence later responses. A

memory of alcohol permits infants who were exposed to alcohol prior to PD21 to
recognize alcohol in adolescence (Pueta et al., 2008; Pueta et al., 2011; Spear and

Molina, 2005). An infant’s ability to detect alcohol's chemosensory attributes as a

consequence of postnatal alcohol exposure in breastmilk has been demonstrated in
studies that observed an infant's response to odors presented to the infant while
breastfeeding. Mennella et al., presented evidence of learned responses as a

consequence of early postnatal exposure in human infants (Mennella et al., 2001).

Mennella’s investigation implemented carrot juice or water into the diet of mothers
in the first two months of breastfeeding (Mennella et al., 2001). Results

demonstrated that infants fed from mothers who consumed carrot juice in the first
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two months of breastfeeding later exhibited a preference for carrot flavored food
(Mennella et al., 2001).

An earlier study also performed by Mennella reported that human infants

postnatally exposed to alcohol later responded to alcohol scented toys with a

greater mouthing rate in comparison to infants that were not postnatally exposed to
alcohol (Mennella and Beauchamp, 1998). In a similar study, researchers showed

that rat pups exposed to alcohol via milk later responded to alcohol odor with an

increased mouthing rate, and were more willing to ingest alcohol relative to pups
not exposed to alcohol (Hunt et al., 1993). With an infant’s ability to recognize
alcohol associations are made in connection with the memory of alcohol’s

chemosensory attributes. Alcohol associations formed in infancy are observed to
last into adolescence through evidence of early alcohol exposure increasing self-

administration of alcohol in adolescence (Pueta et al., 2008; Pueta et al., 2011; Spear
and Molina, 2005).

The Role Of Olfactory Plasticity In Altered Postnatal Flavor Perception
Preferences and associations for alcohol made in infancy are developed

through the chemosensory attributes of alcohol, which include the perceptual

integration of olfaction, taste, and orosomatosensation. In particular, previously

reported olfactory studies demonstrated that early postnatal exposure to salient

odors increased ingestion of foods and beverages that smelled like the exposed odor
after a prolonged absence from the exposed odor (Coopersmith and Leon, 1984;

Coyle et al., 2000). This appears to occur by virtue of an enhanced neural response
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at the level of the olfactory bulb, that is, increased activation of the glomeruli was

observed in response to the previously exposed odor (Coopersmith and Leon, 1984;

Coyle et al., 2000). The enhanced neural response was suggested by Coopersmith
and Leon to “increase the intensity of the perceived odor” which in the case of

alcohol could modify the perception of alcohol’s odor/flavor (Coopersmith and
Leon, 1984).

In keeping with the general phenomenon outlined above, animal behavior

studies found that infants exposed postnatally to alcohol showed modified ingestion
and preference for the drug later in life (Pueta et al., 2008; Pueta et al., 2011; Spear
and Molina, 2005). These studies reported that rats at PD15 and PD16 exposed to

alcohol via breastmilk on PD3, 5, 7, 9, 11, and 13 drank a greater amount of alcohol

relative to animals not postnatally exposed to alcohol (Pueta et al., 2008; Pueta et al.,
2011; Spear and Molina, 2005). Lui and Weiss also showed that early exposure to
alcohol or to contextual cues associated with alcohol directly increased the risk of
possible future alcohol abuse (Lui and Weiss, 2002).

The positive variables present during exposure to alcohol via breastmilk and

alcohol’s physiological positive reinforcements are factors of the increased alcohol

use recorded in adolescent rats exposed to alcohol via breastmilk (Pueta et al., 2008;
Pueta et al., 2011; Spear and Molina, 2005). Two of the positive reinforcement
variables during exposure to alcohol via breastmilk include the presence of a

caregiver and the suckling action performed when infants feed (Hunt et al., 1993;

Pueta et al., 2011). Simultaneous to the positive reinforcement variables,

physiological responses to alcohol develop an orosensory memory and preference
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for alcohol as a result of early alcohol exposure. The physiological reinforcement

pathway for the conditioned response to alcohol odor is an increase of dopamine in
the nucleus accumbens as a result of the release of endogenous opioids in response
to alcohol odor (Gianoulakis, 2004; Miranda-Morales et al., 2010).

As suggested by the postnatal odorant exposure studies of Coopersmith and

Leon (e.g., 1984) and the more recent studies of prenatal alcohol exposure (Eade et

al., 2010; Schaal et al., 2000; Youngentob and Glendinning, 2009) olfactory plasticity
plays prominently in this sensory driven effect. For example, Youngentob et al.,

demonstrated an altered breathing pattern and olfactory epithelium response to

alcohol odor that was predictive of an enhanced odor-mediated behavioral response
and alcohol intake (Youngentob et al., 2007a; Youngentob et al., 2007b). In this

regard olfactory plasticity occurs throughout the life span making it possible for an
individual to strengthen an olfactory response to salient stimuli.
Summary of Experiments
The above summary provides the general theoretical basis for the

hypotheses to be tested. Prompted by the data demonstrating that chemosensory
plasticity serves to focus an animal’s attention to presumed salient stimuli, in the

present study, we used behavioral and neurophysiologic methods to test whether
postnatal alcohol experience (a) altered the odor-mediated behavioral

responsiveness to alcohol and/or a novel odorant and, if so, (b) whether such
changes correlated with neurophysiologic alterations in the response of the
olfactory epithelium in the adolescent animal.
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METHODS

EXPERIMENTAL DESIGN
This experiment utilized 30 Long-Evans Hooded female rats and 30 Long-

Evans Hooded male rats that were the progeny of 30 Long-Evans Hooded dams.

Litters from each dam were culled to 10 pups on PD3. A male and female from each

dam was randomly selected for use in the behavioral and electrophysiological

recordings at PD35. Pups delivered from a dam assigned to the alcohol treatment
were exposed to alcohol through breastmilk. All animals were kept in a 12-hour

light/dark cycle with controlled humidity and temperature at SUNY Upstate Medical
University. All tests and procedures for this study were executed in accordance
with the Institutional Animal Care and Use Committee guidelines.
TREATMENT OF DAMS
Pregnant dams were randomly assigned to either an alcohol (ET), free choice

(FC), or pair fed (PF) treatment. On PD2 ET dams were started on a liquid alcohol
diet that they had ad libitum access beginning on the day after delivering their

litters. The liquid alcohol diet was started at 2.2% alcohol for two days at which

point the diet advanced to a 4.5% alcohol mix for one day, and finally the liquid diet
progressed to a 6.7% alcohol mix that provided 35% of the animal’s daily calories

from alcohol, and was provided up to the day weaning occurred (PD21). The 6.7%
alcohol mix mimics a moderate consumption of alcohol (Driscoll et al., 1990;
Vavrousek-Jakuba et al., 1991).
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FC dams were started on a liquid diet that they had ad libitum to the day

after delivering their litters, at PD2. PF dams were started on a liquid diet

equivalent in calories and volume to the amount that their paired alcohol dam drank
the day before, and therefore initiated their liquid diet 2 days after delivery on PD3.
To replace the calories obtained from alcohol in the diets of the FC and PF dams an

isonutritive liquid diet with maltose/dextrin was used (L10252, Research Diets, NJ).
The average total volume of liquid diets consumed by treatment groups is shown in
Figure 1. The caloric restriction of PF dams that imitated the caloric intake of ET
dams controlled for effects that may have been caused by insufficient nutritional
intake since ET dams voluntarily ingest less of their diet than FC dams, shown in
Figure 1. Figure 1, shows that ET dams voluntarily ingested less than half of the

total volume of their liquid diets relative to FC dams. Given that the diet volume

offered to PF dams was equivalent to what an ET dam drank, Figure 1 shows that PF
dams drank on average a comparable total volume of their liquid diet relative to ET
dams.

TREATMENT OF PUPS
On the day of weaning ET litters were kept with their mother until 9pm at

which the dam, a male, and a female pup were euthanized for the collection of trunk
blood. Plasma was then separated and stored in an -80 freezer. Plasma samples

were sent to NMS labs in Pennsylvania for gas chromatography analysis of blood
alcohol levels (BALs).
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Volume Of Liquid Diet Consumed (mL)

Figure 1. Average total volume of liquid diet consumed by dams

Animal Treatment Group
Figure 1. Average total volume of liquid diet consumed
by dams. Displays the total volume of liquid diet consumed
on average by treatment group (mean ± se) calculated from
the data used to calculate the averages.
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On the day of testing one female and one male pup from each dam was

randomly selected for testing. Each pup selected for testing was weighed prior to
testing. Figure 2 shows the average weight of pups by treatment group. The

average weight of ET animals at PD35 was 82 grams and the average weight of PF

animals at PD35 was 93 grams (Figure 2). FC animals weighed more than ET and PF
animals with an average weight of 138 grams at PD35 (Figure 2). All treatments

were found to be significantly different from each other. PF and ET animals had a p-

value = 0.0172, and the comparison between FC and PF animals as well as FC and ET
animals had a p-value < 0.0001 (Figure 2).

BEHAVIOR TEST
Whole body plethysmography was used to collect data representing an

animal’s breathing pattern response to alcohol odor. A continuous-flow RM-80

Respiration Frequency and Volume Monitoring System (Columbus Instruments,
Columbus, Ohio) recorded the fluctuations of an animal’s respiration within a

chamber as the animal responded to an odorant. The animal was enclosed within a
chamber to ensure a constant flow of air in its surroundings, and so that odorants
could be presented and expelled from the animal’s environment. Our chambers

consisted of a Plexiglas cylinder with an internal volume of 1.3L, and a conical input
and output to allow rapid entry and removal of each stimulus. An empty testing
chamber of equivalent size was included in the set-up as a reference chamber.

The plethysmograph setup utilizes computer directed electronic mass flow
15

Figure 2. Average animal weights by treatment

Weight (grams)

*

Animal Treatment Group

Figure 2. Average animal weights by treatment.
Displays the average weight of animals by treatment group at the
time of testing (mean ± se) calculated from the data used to calculate
the averages. *=p<0.05; see text for details.
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controllers (Teledyne Co, Hampton, Virginia, USA) and a standard flow-dilution

olfactometer to generate and present odorants to the animal (Eade and Youngentob,
2009). The computer also collected the data recorded by the RM80 Respiration

Frequency and Volume Monitoring System (Youngentob et al., 2007a). Four valves
regulating the delivery of stimuli (odorant stimulus valve, prestimulus valve,
dummy valve, and back valve) were kept at a constant flow of 400cc/min

(Youngentob et al., 2007a). The dummy valve was kept open until the prestimulus
valve opened at which point the dummy closed simultaneously with the opening
valve (Youngentob et al., 2007a). The prestimulus valve was activated for six

seconds after which it closed simultaneously as the stimulus valve opened for six
seconds (Youngentob et al., 2007a). This valve activation pattern resulted in a

constant total flow delivery to both the test chamber and the reference chamber of
2.0L/min (Youngentob et al., 2007a).

For any given trial animals were enclosed in a chamber within a darkened

plexiglas box and first exposed to 40 air trials in order to habituate the animals to

the apparatus. After the habituation trials animals were randomly exposed to either
air or alcohol odor. The alcohol odor was presented in ascending order of 5

concentrations (.313%, .625%, 1.25%, 2.5%, and 5% of vapor saturation at 20˚C) in
20 trials (10 air trails and 10 alcohol trials) (Middleton et al., 2009; Youngentob et
al., 2007a). An exposure occurred via the following pattern: 6sec of air, then a

stimulus for 6 seconds, and then an interval for 6 seconds (Youngentob, 2005).

The breathing pattern resulting from an animal’s response to every stimulus

presentation was recorded and broken down by a computer analysis into 14
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respiratory measures. The 14 measures were: sniff frequency; the number of

inspiratory and expiratory sniffs; the duration, volume, average flow rate, and peak
flow rate of an inspiratory and expiratory sniff; the total inspiratory and expiratory
volume; and the total apneic duration (Mantella et al., 2013; Mantella and

Youngentob, 2014; Youngentob, 2005). A principal component analysis (PCA) was

performed to simplify the 14 single variables into 2 complex variables (factors) that
best describe the variance of the data. Then a multivariate linear regression

analysis was performed on each PCA Factor to integrate the behavioral responses

across all alcohol odorant concentrations for each animal. The effect sizes were then
calculated to estimate how much of the total variance of the data could be accounted
for by changes in the single fixed variable of a treatment group. Following an

animal’s completion in the plethysmograph they were euthanized and their nasal
epithelium was collected for electrophysiological recordings.

To explore the specificity of the alcohol odor-mediated response, behavioral

tests were performed on an additional set of adolescent animals in response to a

non-exposure odor. A male and female pup from an additional 6 ET, 6FC, and 6PF

dams were utilized to perform an analysis of their breathing pattern response to

ethyl acetoacetate odor rather than alcohol odor. Ethyl acetoacetate was chosen as

the non-exposure odorant for the behavioral test due to prior research that showed

decreased mucosal responses to ethyl acetoacetate as a result of prenatal alcohol

exposure (Youngentob et al., 2004). Treatment of these animals was identical to the
treatment of the previous animals used for behavioral testing in this study with the

exception of the exposure odor in the plethysmograph apparatus. The pups that
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were exposed to ethyl acetoacetate in the plethysmograph did not have their nasal
epithelium responses to odorants recorded.
NASAL EPITHELIUM RECORDINGS
To collect olfactory epithelium, nasal dissections that split the right nasal

cavity in half exposing the olfactory epithelium of the septum and turbinates were
performed after each animal completed their behavior test. The analysis order of
septums and turbinates as well as male and female animals were randomized.

Tissue samples were first placed in a voltage sensitive dye (di-4-ANEPPS) solution
and then rinsed in saline before being enclosed in a chamber under a camera with
an odorant input and vacuum connection at 200cc/min (Eade et al., 2009).

Olfactory epitheliums were oriented in a position within the chamber so that

odorants were pulled across the olfactory epithelium from the external naris to the
nasopharynx (Eade et al., 2009; Mantella et al., 2013).

Six odorants (0.8% amyl acetate, 0.8% propyl acetate, 4% heptanal, 30%

carvone, 33% alcohol, and 45A% ethyl acetoacetate of a vapor saturation at 23˚C)
were presented to each tissue sample one at a time in random orders. The 0.8%

amyl acetate was used as a standard to correct for tissue responsiveness over time

and was therefore exposed to each tissue sample at the start and end of each tissue

exposure (Youngentob et al., 1995). The other four non-exposure odorants exposed

to tissues during electrophysiological recordings (0.8% propyl acetate, 4% heptanal,
30% carvone, and 45A% ethyl acetoacetate) were used because they previously

were shown to produce different olfactory epithelium activity patterns in the rat
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that are changed as a result of prominent experiences (Youngentob et al., 1995;
Youngentob and Kent, 1995). Tissue responses to odors were recorded using a

Sony XCD-V50 1/3" CCD FireWire.B Monochrome camera imaging the tissues on a

640 x 480 pixel array with a depth of 14bits (Eade et al., 2009; Mantella et al., 2013).
Responses from olfactory epithelium were compiled from each pixel of the

resultant camera array and each stimulus. Given that previous research show that

unique odorants create unique spatial patterns across the olfactory epithelium that
initiate odor identification the dissimilarity of spatial activity patterns was
measured across maternal feeding experiences (Youngentob et al., 1995;

Youngentob and Kent, 1995). Response magnitude and temporal responses were
measured to represent spatial patterns (Kent et al., 1995; Mantella et al., 2013;

Youngentob et al., 1995; Youngentob and Kent, 1995). The olfactory epithelium’s

average and peak response heights are representative of the response magnitude.

Temporal responses of olfactory epithelium were measured via start, peak, and end
times of responses.

Each odorants resultant turbinate and septum responses were combined.

Pixel by pixel equilibrated peak responses of individual odors were subtracted from

the equilibrated response to the standard control odor (Kent et al., 1995; Mantella et
al., 2013; Youngentob et al., 1995; Youngentob and Kent, 1995). Spatial pattern

recordings underwent several steps prior to final presentation. First, each pixel of

the array was summed. Then, the summed data was divided by the number of pixels
in an array. Third, the peak height of the spatially averaged response was
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determined. An analysis of variance (ANOVA) was performed on all
electrophysiological data.

RESULTS
Prior experiments observed an altered behavioral response to alcohol odor

at adolescence in animals exposed to alcohol in-utero relative to FC animals (Eade et
al., 2009; Eade et al., 2010). Previous research also reported that the altered

behavioral response observed in adolescent animals exposed to alcohol in-utero is

associated with a less aversive experience to alcohol and an increased consumption
of alcohol in adolescence (Glendinning et al., 2012; Youngentob and Glendinning,
2009). Given the evidence that an altered behavioral response to alcohol odor
occurs in adolescence after in-utero alcohol exposure, the behavioral and

neurophysiological response to alcohol odor was investigated in PD35 rats that
were exposed to alcohol postnatally.

Blood Alcohol Levels Of Dams And Pups On The Day Of Weaning
The BAL analysis of dams resulted in an average BAL of 290mg/dL with a

range of 78-433mg/dL (Figure3). The wide range of BALs obtained from dams is

possibly due to the sedative effect of alcohol, consequently effecting waking times of
the dams and therefore the consumption times and amounts of dams and pups.

Previous studies show that pregnant dams given the same alcohol diet given in this
study resulted in peak BALs around 150 mg/dL (Miller, 1992; Youngentob et al.,
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Figure 3. Blood alcohol levels of dams
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2007a). One explanation for our observed higher BALs is malnutrition. To meet the
demands of their feeding litters, FC dams consumed on average a total volume of

3,398mLs ± 90mLs of the liquid diet while breastfeeding relative to ET dams that

only consumed on average 1,422 ± 38mLs of their liquid diet from the PD2 through
weaning (Figure 1).

Based on historical data from gestational alcohol exposure studies, FC dams

on average drank 189mLs more of their liquid diets than ET dams for the 10 days
gestational exposure dams were on the full strength alcohol liquid diet. In the

current study FC dams on average drank 1,414mLs more than ET dams for the first
10 days that ET dams were on the full strength alcohol liquid diet. The large

difference in total volume of liquid diet consumed between the FC and ET dams in

the current study relative to gestational alcohol exposure studies suggest that ET

dams did not imbibe as much nutrients as naturally needed by dams while feeding a
litter, and were malnutritioned. Given that “zinc is a cofactor for alcohol

dehydrogenase (ADH), the ethanol-metabolizing enzyme” and malnutrition was

reported to decrease serum zinc levels it is suggested that ET dams had a decreased
serum ADH level that increased their BALs relative to pregnant dams that consume
alcohol and are not under the strain of feeding a litter (Murillo-Fuentes et al., 2007;

Seyoum and Persaud, 2000).

The BALs in pups were undetected by gas chromatography analysis. The

undetected levels of alcohol in pups may be due to very low alcohol levels in the

pups as a result of the time samples were collected. Given that rats are nocturnal
the 9pm sample collection time could have been prior to the pups feeding after
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waking. Confirmation that the ET pups were exposed to alcohol was behaviorally

observed while caring for the animals. Several observations that support that the
ET pups were exposed to alcohol via their mother’s breastmilk include lack of

movement when PF and FC pups were very active, decreased alertness relative to PF
and FC pups (didn’t look around or sniff when cages were handled), and were most
likely to be found asleep when PF and FC pups were awake.
Analysis Of Reflexive Sniffing Responses To Alcohol Odor
To test whether or not infant pups exposed to alcohol experienced an altered

breathing pattern response to alcohol odor presented during adolescence, the

animal’s breathing pattern response was recorded while the animal was being

exposed to different concentrations of alcohol odor. A computer analysis broke
down the breathing pattern responses from each animal for each alcohol

concentration presented to the animal. The computer evaluation broke the

breathing patterns into the following 14 respiratory variables: sniff frequency; the

number of inspiratory and expiratory sniffs; the duration, volume, average flow rate,
and peak flow rate of an inspiratory and expiratory sniff; the total inspiratory and

expiratory volume; and the total apneic duration (Mantella et al., 2013; Mantella and
Youngentob, 2014; Youngentob et al., 2012). Based on the testing paradigm, each

animal initially contributed a 14 x 5 response matrix (fourteen measures of reflexive
sniffing responses for each of the five concentrations of alcohol odor) to the total

data. In order to reduce the high dimensionality of the data, we used PCA to reduce

the fourteen measures to N orthogonal response vectors (namely, Factors of the PCA
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analyses). These Factors, in turn, allowed us to evaluate how the data varied

collectively based on variance. In short, the PCA analysis reduced each of the

animals’ individual 14 x 5 response matrix to an N x 5 data matrix (N PCA Factor

values for each concentration). Historically, two Factors account for essentially all
the variance.

To create a behavioral Index for each rat that incorporated the behavioral

responses across all concentrations of alcohol odorant tested, multivariate linear
regression analyses were performed on each PCA Factor. For each regression

analysis the five behavioral response values (one at each concentration) served as

the dependent variables and postnatal treatment as the independent variable. The
regression results for each PCA Factor provided estimates of the coefficients for
each concentration of odorant plus a constant. The behavioral “Index” value
calculated from each PCA Factor for an individual animal was the sum of the

constant from the regression analysis, plus the corresponding PCA value at each

concentration of alcohol odor multiplied by the estimated coefficient. This approach
resulted in a set of coordinates that located each animal in a 2-dimensional

behavioral response space. Moreover, the 2-dimensional response data were used
in later analyses of specific main effects (e.g., Mantella and Youngentob, 2014;
Youngentob et al., 2012).

Figure 4A shows the two dimensions of the animals’ reflexive sniffing index

by treatment. Each data point represents a treatment’s mean sniffing index in

response to alcohol odor. Figure 4A shows that ET animals experienced an altered
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Figure 4. The innate odor-mediated behavioral response to alcohol odor as
a consequence of postnatal alcohol exposure

F2

Effect Size

Figure 4. The innate odor-mediated behavioral response to alcohol odor as a consequence of postnatal alcohol
exposure. Panel A shows the comparative location of the postnatal alcohol group relative to FC and PF groups in an alcohol
odor-mediated behavioral response space. The data points are the adjusted least square mean sniffing indexes (± twodimensional se) as a function of the three postnatal treatments (Diamond=ET group; Square= PF group; Triangle=FC group).
Panel B shows the alcohol response-mediated weighted effect size (mean ± se) calculated from the data illustrated in Panel A.
* = P˂0.05; see text for details

F2

sniffing behavior in response to alcohol odor relative to FC animals. PF animals

expressed a sniffing response less altered than ET animals, and a sniffing response
more altered relative to FC animals (Figure 4A). These results indicate that

lactational exposure to alcohol alters an animal’s sniffing response to alcohol odor
relative to animals that did not experience postnatal alcohol exposure.

To quantify differences between the three maternal treatment groups a

significance test (two-tailed t: P ˂ 0.05) was ran on the combined weighted cityblock distance of the effect sizes for the two dimensions related to two of the

randomized maternal treatments (PF verses FC, ET verses FC, and ET verses PF)

(Mantella et al., 2013; Mantella et al., 2014; Youngentob et al., 2012). The city-block
distance was based on a weighting scheme that assumed each principal component
factor’s real effect size was reflected by the excess of its Eigen value above the

Kaiser criterion of 1 used in the PCA (Mantella et al., 2013; Mantella et al., 2014;

Youngentob et al., 2012). The effect size between PF and FC was .586, a two-tailed t-

test found these effect sizes to be insignificant with a P-value of .085 (Figure 4B). A
comparison between ET and PF animals revealed an effect size of .597, and an

insignificant difference with a P-value of .072 (Figure 4B). The t-test did yield a

significant difference between the effect sizes of ET and FC animals, with an effect

size of 1.18, and a P-value of .0008 (Figure 4B). The results from Figure 4B indicate
that pups exposed to alcohol via lactation experiences have an altered sniffing

response to alcohol odor relative to animals not exposed to alcohol in infancy. The
insignificant difference between effect sizes of ET and PF animals indicate that

infant nutrition may be a factor of the observed behavioral response to alcohol odor.
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The PF treatment group was to control for any nutritional effects we

observed as a result of ET dams consuming less of their liquid diet relative to FC

dams. As shown in Figure 1, FC dams consumed a higher overall volume of their
liquid diet relative to ET and PF dams that consumed less of their liquid diet
throughout the duration of feeding their litters. The weight of pups at PD35

reflected the overall consumption of dams. As shown in Figure 2, FC animals
weighed significantly more than ET and PF animals and PF animals weighed

significantly more than ET animals at the time of testing, PD35. The insignificant
difference observed between the breathing pattern of ET and PF animals in

response to alcohol odor suggest that the decreased nutritional intake of ET and PF
dams relative to FC dams (Figure 1) impacted the ET and PF offspring to have an

altered breathing pattern response to alcohol odor that is not significantly different.
The significantly higher weights of PF animals relative to ET animals at PD35

suggest that the nutritional impact of maternal treatment on pups was different
between PF and ET animals (Figure 2).

The difference in dam consumption and decreased weight of animals from

dams that consumed less of their liquid diet suggest that ET and PF pups were

undernourished relative to FC pups while feeding from their mothers. A rat study

showed that neonatal undernourishment resulted in a reduced size of the “olfactory

bulb and the individual layers areas” (Frias et al., 2009). The altered olfactory

physiology of undernourished neonates suggest that undernourished neonates may

also have altered olfactory responses (Frias et al., 2009). The findings of Frias et al.,

2009 suggest that the undernourishment of the PF and ET pups in this study could
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attribute to the insignificant difference between effect sizes of PF and ET animals
breathing pattern in response to alcohol odor.

Analysis Of Reflexive Sniffing Responses To Ethyl Acetoacetate Odor
To address whether or not infant pups exposed to alcohol experienced an

altered breathing pattern response to odors other than alcohol in adolescence

relative to infant pups that were not exposed to alcohol, the breathing pattern of

animals while being exposed to different concentrations of ethyl acetoacetate odor

was recorded at PD35. As was done with the breathing pattern data in response to
alcohol odor, a computer analysis broke down the breathing pattern responses to
each concentration of ethyl acetoacetate odor presented to each animal into 14
respiratory dimensions. The same analyses performed on the 14 respiratory

dimensions that resulted for each alcohol concentration each animal was presented
with was also performed on the data that resulted from the concentrations of ethyl
acetoacetate odor presented to each animal.

Figure 5A shows the two dimensions of the animals’ reflexive sniffing index

by treatment. Each data point represents a treatment’s mean sniffing index in

response to ethyl acetoacetate odor. Figure 5A shows that ET animals experienced
an altered sniffing behavior in response to ethyl acetoacetate odor relative to FC
animals. PF animals experienced a sniffing behavior in response to ethyl

acetoacetate odor less altered than ET animals. These results indicate that

lactational exposure to alcohol alters an animal’s sniffing response to the novel
29
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Figure 5. The innate odor-mediated behavioral response to ethyl
acetoacetate odor as a consequence of postnatal alcohol exposure

A) 2D ET vs PF vs FC

Figure 5. The innate odor-mediated behavioral response to ethyl acetoacetate odor as a consequence of
postnatal alcohol exposure. Panel A shows the comparative location of the postnatal alcohol group relative to FC and
PF groups in an ethyl acetoacetate odor-mediated behavioral response space. The data points are the adjusted least
square mean sniffing indexes (± two-dimensional SE) as a function of the three postnatal treatments (Diamond=ET
group; Square= PF group; Triangle=FC group). Panel B shows the alcohol response mediated weighted effect size (mean
± se) calculated from the data illustrated in Panel A. * = P˂0.05; see text for details

Effect Size

odorant, ethyl acetoacetate, relative to animals that did not experience lactational
alcohol exposure.

The effect sizes displayed in Figure 5B show a significant difference between

PF and FC animals with a resultant p-value = 0.001, between ET and FC animals with
a resultant p-value = 10-6, and between ET and PF animals with a resultant p-value

= 0.008. The significant difference observed between ET and PF animals in

response to ethyl acetoacetate odor suggest that postnatal alcohol exposure alters
behavioral responses to novel odorants. The significant difference observed in

behavioral responses to ethyl acetoacetate as a result of maternal treatment in this

study was not observed in animals exposed to alcohol prenatally (Youngentob et al.,
2007a). The difference observed between animals prenatally and postnatally

exposed to alcohol can be attributed to physiological differences in the olfactory
system at the time of exposure to alcohol and the method of exposure, fetal
absorption verses infant consumption and interactions with their mother.
Analysis Of Olfactory Epithelium Activity In Response To Odors
Peak magnitude of olfactory epithelium in response to odorants was

resultant of data recorded for each pixel of an array being summed, the sums being

divided by the number of pixels, and the peak height of the spatially averaged

response (Mantella et al., 2013). The average peak response of all the animals’

olfactory epithelium to five odors (0.8% propyl acetate, 4% heptanal, 30% carvone,
33% alcohol, and 45% ethyl acetoacetate) was compared using an analysis of

variance. The resultant P-value (F [1, 2] = 0.04; P = 0.83) from the test did not yield
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any significant differences (Figure 6). Average peak responses to only alcohol (F [1,
2] = 0.33; P = 0.56) and to the non-exposure odorants (F [1, 2] = 0.03; P = 0.86) also

did not show any significant differences dependent on sex or maternal treatment. In
previous studies that exposed rats to alcohol prenatally a significant difference of

spatial pattern of different odors and response magnitude was observed across
olfactory epithelium in response to alcohol odor (Youngentob and Kent, 1995;

Youngentob et al., 1995; Youngentob et al., 2007a). The observed difference in

olfactory epithelium responses to alcohol odor between adolescent pups exposed to
alcohol prenatally and adolescent pups exposed to alcohol postnatally can be
attributed to physiological differences in the olfactory system at the time of

exposure to alcohol. Prenatal exposure occurs at a time when the olfactory system
is still developing and making connections, postnatal exposure occurs at a

time when the olfactory system is plastic and whole (Treloar et al., 2010).

Given the expectation from prenatal exposure studies the peak dissimilarity

of olfactory epithelium activity patterns of all odors were averaged to increase the
power of analysis. Average peak dissimilarity of peak responses was compared

across treatment and sex by treatment interaction, shown in Figure 7. An ANOVA
was performed on the average dissimilarity of peak responses and reported a

significant difference between ET, PF and FC males and females (F [1, 2] = 7.05; P =

0.01). Analysis of the average dissimilarity of peak responses for only alcohol odor

(F [1, 2] = 0.37; P = 0.54) and for the remaining non-exposure odors (F [1, 2] = 7.82;
P = 0.01) suggest the significance found in pattern dissimilarities to be driven by

non-exposure odorants and not alcohol odor. In conclusion the electrophysiology
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Figure 6. The consequence of postnatal alcohol exposure on the
peak neurophysiological olfactory response

Figure 6. The consequence of postnatal alcohol exposure on the
peak neurophysiological olfactory response. Peak mean
responses (mean ± SE) of electrophysiological responses to alcohol
and novel odorants. Means are representative of treatment groups
(ET, PF, or FC).

Average Peak Responses

Figure 7. The average peak dissimilarity of peak neurophysiological olfactory responses
compared across treatment and sex as a consequence of postnatal alcohol exposure

Figure 7. The average peak dissimilarity of peak neurophysiological olfactory responses compared across treatment and sex as a
consequence of postnatal alcohol exposure. Peak mean dissimilarities (mean ± se) of electrophysiological responses to alcohol and novel
odorants. Means are representative treatment groups (ET, PF, or FC) by sex.
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results show that females had a modified olfactory response to non-exposure odors
relative to males.

DISCUSSION
Past experiments have documented the ability of an infant to learn

chemosensory stimuli to which they are exposed to while nursing, and observed a

modified physiological and behavioral response to the learned stimulus

(Coopersmith and Leon, 1984; Mennella and Beauchamp, 1991; Mennella and

Beauchamp, 1993; Mennella and Beauchamp, 1996; Pepino et al., 1999; Sullivan and
Leon, 1986; Sullivan and Wilson, 1991; Woo and Leon, 1991). Like nursing infants,
it is well established that fetuses can learn, remember, and react to experienced
chemosensory stimuli, suggesting that like fetuses, infants will have modified

reactions to learned chemosensory stimuli that persist into adolescence (Eade et al.,
2010; Faas et al., 2000; Schaal et al., 2000). Previous work showed that fetal
exposure to alcohol altered the neurophysiologic response of the olfactory

epithelium to alcohol odor and altered the behavioral response to alcohol odor in
adolescence (Youngentob et al., 2007a). The present work indicates that rats
exposed to alcohol via breastmilk have a modified behavioral and

neurophysiological olfactory response at PD35 relative to adolescent rats not

exposed to alcohol postnatally. The conclusion from this study expands on previous

work by others examining the manifestation of postnatal alcohol exposure effects
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(Mennella and Beauchamp, 1991; Mennella and Beauchamp, 1993; Mennella and
Beauchamp, 1996; Pepino et al., 1999).

The behavioral and electrophysiology results from the present study

confirmed a behavioral response similarity between prenatal and postnatal alcohol
exposure, and introduced an electrophysiology result unique to postnatal alcohol
exposure. The behavioral analysis of breathing pattern responses to alcohol

confirmed that there was an altered response to alcohol odor in PD35 animals

exposed to alcohol postnatally. The results from electrophysiology tests indicated

ET female animals experienced an altered neurophysiological response at the level

of the olfactory epithelium to odors the rats were not previously exposed to relative
to FC and PF animals. These data contradict the findings of prior experiments in
which animals were prenatally exposed to alcohol and no neurophysiological

differences between treatments or sexes relative to animals not prenatally exposed
to alcohol was found (Eade et al., 2010). Since PF animals did not differ in their
neurophysiological responses compared to ET animals these results suggest a

partial effect from malnutrition in infancy plays a role in the observed altered

neurophysiological responses. The significantly lower weights of ET and PF animals
at PD35 relative to FC animals at PD35 (Figure 2) and the comparably lower

consumption volumes of ET and PF dams relative to FC dams (Figure 1), suggest

that the nutritional experience of the ET and PF litters were not as plentiful as the
FC litters.

To further investigate the observed altered neurophysiology response to

odors the rats were not previously exposed to, the breathing pattern in response to
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a novel odorant, ethyl acetoacetate odor, was recorded from an additional 36 rats
(18 male and 18 female) at PD35. A male and female from 6 ET dams, 6 PF dams,

and 6 FC dams were randomly selected for testing at PD35. The behavioral analysis
in response to ethyl acetoacetate odor showed that ET animals had a significantly

altered behavioral response to ethyl acetoacetate odor relative to PF and FC animals
(Figure 5). The results from this analysis support the primary electrophysiology
findings from this study; that is, animals exposed to alcohol in their infant diet

experience an altered behavioral and electrophysiology response to novel odorants.
The significant difference observed between the breathing pattern responses of ET
animals and PF animals in response to ethyl acetoacetate odor suggests that the

observed neurophysiological response that was altered in female ET animals is not

an effect of malnutrition. This is further evidence that despite undetectable BALs in
infancy, ET pups had a unique experience in infancy that altered their response to

ethyl acetoacetate odor at PD35. The modified electrophysiology response to novel
odorants in ET females was absent in previous studies that exposed animals to

alcohol prenatally (Eade et al., 2010; Youngentob et al., 2012). One possibility for

the electrophysiological response differences between animals prenatally exposed
to alcohol and animals postnatally exposed to alcohol is the stage of brain

development at the time of alcohol exposure. For instance, activity patterns in the
prefrontal cortex (PFC) are developing at the time of alcohol exposure in animals
postnatally exposed to alcohol (Zhang et al., 2004).

Activity of the PFC relays inhibitory signals to the primary olfactory cortex

restricting olfactory excitability (Barbas, 2000; Rolls, 2004). Researchers presented
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evidence that alcohol reduces the inhibitory signals going from the PFC to the

primary olfactory cortex and therefore, heightens olfactory responses (EndeveltShapira et al., 2014). Alcohol’s effect on the developing PFC signaling is one

possibility for the enhanced olfactory response to non-exposure odors observed in
the present study. Further experimentation is needed to confirm the physiological

cause of the altered olfactory response to non-exposure odors that was observed in
ET females from the present study.

Alcohol’s impact on the developing PFC offers a possible explanation for the

altered response to novel odors observed in animals exposed to alcohol postnatally
relative to animals not exposed to alcohol postnatally. However, the activity

patterns of the PFC developing at the time of alcohol exposure does not explain
why only females displayed an altered electrophysiology response or why the

altered response was not observed in response to alcohol odor. One explanation

for our observed sex difference comes from studies that reported females perceive
odors as more intense than males (Brand and Millot, 2001; Porter and Moore,
1981; Verron and Gaultier, 1976; Wysocki and Gilbert, 1989).

Brand and Millot showed that the more intense experience of odors by

females is likely the result of a difference in cognitive style between males and

females (Brand and Millot, 2001). Since our experiment did not show a significant

difference between males and females in all treatment groups, the data suggest the
cognitive style of females that naturally enhance their odor experience may be

exaggerated in response to postnatal alcohol exposure. If our observed difference

between males and females in electrophysiology responses are driven by cognitive
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differences between the sexes, then perhaps cognition is also the reason neither

males nor females experienced an altered electrophysiology response to alcohol
odor, given that alcohol is toxic.

Despite alcohol’s toxic impact on physiology the altered behavioral response

to alcohol odor as a result of prenatal exposure is correlated with increased
ingestion of alcohol. This suggests that the altered behavioral response in

adolescent animals exposed to alcohol postnatally may also lead to increased

consumption of alcohol. The memory of alcohol odor displayed in the behavioral
data of the present study is likely to be prolonged into adolescence because of
animals’ inherent use of odors for survival (Hudson, 1999). Infants make

associations with odors they learn from their mothers to attach to their mother for
feeding, as well as to make preferential choices of foods and liquids as they are

weaned from breastmilk and onto a mature diet (Coyle et al., 2000; Allam et al.,
2010; Sullivan et al., 2000). The use of learned odors for diet preferences is

beneficial to the infant, as normally a mother would consume and smell of odors
that were beneficial to their child’s health (Hudson, 1999). However, the future

health of a child is at risk when an infant forms “good memories of a bad odor”
(Sullivan et al., 2000).

A positive association with a negative stimulus often leads to trouble in

adolescence as humans and animals are weaned from the guidance of their parents,
and begin to make more independent choices based on instinct and memories from
their youth. The new-found independence of adolescents is associated with the

increased behavior of risk taking. The increased behavior of risk taking increases
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the chance a child will start to use drugs and spiral into drug abuse (Spear, 2000).

The current study observed behavioral results in postnatally exposed animals that
contrast with studies of prenatal alcohol exposure. It is a concern that animals

exposed to alcohol via breastmilk may also increase their consumption of alcohol in
adolescence, as do prenatally alcohol-exposed animals, and be at a greater risk for

alcohol abuse than adolescents that were not exposed to alcohol in infancy
(Eade et al., 2010; Youngentob and Glendinning, 2009).

Future studies focused on differences in the olfactory structure and cognitive

structures that process olfaction in adolescent males and females, will confirm and
advance the mechanistic cause of the electrophysiology difference observed

between males and females in the present study. The electrophysiology and

behavioral findings of this experiment adds to the evidence that infants exposed to
alcohol experience a prolonged effect that lasts into adolescence. This profound

effect alcohol has on olfaction in infancy offers insight to the development of alcohol
abuse in adolescence.

LIMITATIONS
Given that this was the first postnatal alcohol exposure study of its kind in

this lab there were several limitations of the experimental design that should be
taken into account for future studies. The BALs of pups would have provided a

physiological confirmation that the pups were exposed to alcohol via consumption
of alcohol through their mother’s milk. To be certain BALs of pups are obtained in
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future studies the pattern of activity for ET dams and litters can be closely

monitored to determine activity pattern differences between maternal treatments
and an appropriate time to sample for pup BALs.

Future study designs should also try to minimize the nutritional differences

between the litters from different maternal treatments to minimize the concern of
nutrition playing a role in the results. To minimize nutritional difference between

maternal treatments future studies can consider shortening the duration dams and

litters are exposed to alcohol via a later start date for the liquid diets. Prenatal work

in this lab had mothers on the liquid diets for only 15 days from G6-G20 whereas the
current study had dams on the liquid diets for 19 days. A four day decrease in

postnatal pup exposure to alcohol may decrease the concern that nutrition may

impact results. With the mentioned modifications of the postnatal alcohol exposure
design BALs should be successfully collected in future studies and the nutritional
impact may be reduced for future postnatal alcohol exposure work.
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