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Abstract

Background—Fetal ethanol (ETOH) exposure can damage the developing central nervous 

system and lead to cognitive and behavioral deficits, known as fetal alcohol spectrum disorders 

(FASD). ETOH exposure to mouse pups during early neonatal development was used as a model 

of ETOH exposure that overlaps the human third trimester “brain growth spurt” - a model that has 

been widely used to study FASD in rats.

Methods—C57BL/6 male and female mice were exposed to ETOH (4 g/kg/day) on postnatal 

days (PD) 4–10 by oral intubation. Intubated and non-treated controls were also included. 

Behavioral testing of the offspring, including open field, elevated plus maze and Morris water 

maze, was performed on PD 20 – 45.

Results—ETOH exposure during PD 4–10 resulted in hyperactivity and deficits in learning and 

memory in young mice with no apparent sex differences.

Conclusion—Based on these data, this neonatal intubation mouse model may be useful for 

future mechanistic and genetic studies of FASD and for screening of novel therapeutic agents.
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Introduction

Ethanol (ETOH) consumption during pregnancy can result in damage to the developing 

central nervous system and lead to a variety of cognitive and behavioral deficits including 

hyperactivity, deficits in inhibitory control, learning, attention and executive functions 

collectively known as the fetal alcohol spectrum disorders (FASD) (Jacobson, 1998, Riley 

and McGee, 2005). Many mechanisms have been proposed to help explain the consequences 

of ETOH’s effects on the developing brain, but there are still many unanswered questions.

Numerous animal models have been used to study FASD. While many studies have used rat 

models, mouse models have become increasingly useful due to the extensive knowledge of 

mouse genetics for studies on the underlying mechanisms and etiology of a variety of 

neurological conditions. Mouse studies using prenatal ETOH exposure to model human 1st 

and 2nd trimester of CNS development have shown certain behavioral and neuroanatomical 

changes reported in rats including hyperactivity, learning deficits as well as volume 

reductions in a variety of brain regions. Voluntary drinking throughout gestation has 

produced a variety of behavioral impairments and deficits in tasks that tap into hippocampal 

function or sensorimotor integration with mixed data on activity (Allan et al., 2003; Becker 

et al., 1993; Brady et al., 2012; Downing et al., 2009; Fish et al., 2016; Sanchez Vega et al., 

2013,). While fewer studies have assessed neonatal ETOH exposure on behavioral outcome 

in mice, Olney and colleagues have shown that a single postnatal ETOH injection can induce 

neuronal apoptosis (Ikonomidou et al., 2000) and may produce spatial deficits (Wozniak et 

al., 2004), although there are some inconsistencies in the literature (Lee et al., 2016, Houle 

et al., 2017). In addition, multiple injections of ETOH has been shown to alter performance 

on hippocampal and cerebellar tasks (Bearer et al., 2015, Wagner et al., 2014), although 

again hyperactivity is not uniformly reported (Downing et al., 2009).

The aim of the current study was to examine the effects of neonatal ETOH exposure in 

C57BL/6 mice using oral intubations as a model of ‘3rd trimester’ ETOH exposure; a period 

that overlaps the human “brain growth spurt” (Dobbing and Sands, 1979). The validity of 

this model was assessed by examining a variety of behaviors previously shown to be 

sensitive to prenatal ETOH exposure in rat and human studies. ETOH was delivered to 

mouse pups on PD 4–10 by intubation. These offspring were then tested on PD 20–21 for 

activity in an open field, on PD 25–26 for exploration on an elevated plus maze and on PD 

35–45 for spatial learning and memory in a Morris water maze. This neonatal intubation 

model has been used to show evidence of ETOH induced increases in neuroinflammatory 

response in hippocampus, cerebellum and cerebral cortex (Drew et al., 2015), and Bearer et 

al (2015) has shown that a single intubation on PD 5 can alter balance. But to the best of our 

knowledge, neonatal ETOH exposure on PD 4–10 via intubation in mice has not been used 

as a model to assess postnatal behavioral outcome.

Materials and Methods

Parent animals

Adult C57BL/6 mice were obtained from Harlan Labs (Indianapolis, IN). Offspring were 

generated in the University of Kentucky Medical Center’s breeding colony. Male and female 
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pups, representing at least 8 litters from each treatment group, were used in this study. Mice 

were maintained on a 14:10 h light-dark cycle (lights on at 07:00 h, off at 21:00 h). All 

procedures were approved by the Animal Care and Use Committee of the University of 

Kentucky.

Breeding

Adult female and male C57BL/6 mice were caged in a ratio of 2:1 and seminal plugs were 

examined the next morning as evidence that copulation occurred. If a seminal plug was 

detected, it was designated gestational day (GD) 0 and the pregnant female was singly 

housed.

Ethanol administration

ETOH was administered at 09:00 h to mouse pups on postnatal day (PD) 4–10 (as a “3rd 

trimester exposure” model) (Kelly et al., 1988). The day of birth was designated PD 0. On 

PD 4, litters were weighed and pseudo randomly culled to 6 pups maintaining 3 males and 3 

females when possible. These litters were then assigned to one of three treatment groups: 

ETOH, intubated control (Maltose) or non-intubated control (NTC). Pups in the ETOH 

group received 4 g/kg/day of ETOH on PD 4–10, delivered via oral intubation (0.02 ml/g 

bodyweight) in an artificial milk solution developed to nutritionally mimic rodent milk 

(Kelly and Lawrence, 2008). This dose of ETOH was chosen because it has been show to 

produce significant neurotoxicity during the third trimester equivalent and may lead to 

neurobehavioral deficits (Dursun et al., 2013). Pups in the intubated control group received 

isocaloric maltose (in the same milk solution) on PD 4–10. Pups were weighed daily and 

returned to their dam immediately after intubations. Mortality from intubation was low (~ 

5%).

Blood ethanol concentration (BEC) measurement

For BEC of the pups, separate groups of pups were treated and trunk blood of pups was 

collected on PD 7 following decapitation 30, 60, 90, 120, 180, 240, 360 and 480 min after 

ETOH intubation. BECs were determined using an assay kit from Sigma-Aldrich, St. Louis, 

MO (product number: MAK076). The data were collected from multiple samples (n=4).

Behavioral testing

Offspring were tested for activity in an open field for 2 days (between 08:00 – 12:00 h) on 

PD 20–22 (Mei et al., 2016), and for activity, and exploration in an elevated plus maze at 

similar times in the morning on PD 25–27 (Mei et al., 2016). Offspring were then weaned on 

PD 28, housed with 2–3 same sex littermates and allowed to acclimate for one week prior to 

testing in the Morris water maze. Spatial learning and memory in a Morris water maze 

testing was conducted between 12:00– 16:00 h on PD 35–45 (Chen et al., 2013). These tasks 

and ages were selected to assess the presence of behavioral impairments in both preweaning 

and adolescence, as have been reported in clinical populations with FASD (Mattson et al., 

2011). All behavioral testing was conducted under low ambient light conditions with white 

noise to reduce extraneous auditory stimuli. Surfaces and holding cages were cleaned before 

and after testing with Nature’s Miracle© enzymatic cleaning solution to remove animal 
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odors. When males and females were tested on the same day, the males were tested prior to 

females. Animal movements were recorded using the AnyMaze tracking system (Stoelting 

Co.).

Open Field (OF)—The OF is commonly used to measure levels of activity, habituation to 

novel environments and patterns of exploration which may also indicate impulse control or 

anxiety (Bailey and Crawley, 2009). Each mouse was removed from its home cage and 

brought into the test room in a clean holding cage for a 10-min habituation period. The OF 

was a round chamber (diameter 39.4 cm) with opaque white walls and floor. Subjects were 

tested 30 min daily for two consecutive days. The dependent measures included total 

distance travelled and distance travelled in the center. The center was defined as a circular 

zone in the center of the OF with a diameter half of the width of the OF. Measurements 

related to activity in the center are often used as a measure of anxiety and/or inhibitory 

control since mice typically display thigmotaxis and avoid the center of open arenas. 

Additional analyses were run on center exploration when controlling for total distance 

travelled to produce a preference score.

Elevated Plus Maze (EPM)—The EPM is primarily used as a test for anxiolytic agents 

although it can also be used to measure exploration (Bailey and Crawley, 2009). The EPM 

apparatus consisted of a plus-shaped (+) Plexiglas maze with clear walls bordering two of 

the four arms (30×6 cm). The other two arms had a floor but no walls and were referred to as 

the open arms. The mouse was placed halfway down one open arm of the maze, facing away 

from the center, and was then allowed to explore the maze for 5 min. Subjects were tested in 

a single session between PD 25–27. The dependent measures included overall distance 

travelled, distance travelled in the open arms and number of entries into the open arms. 

Additional analyses were conducted looking at open arm exploration controlling for total 

distance travelled and open arm entries.

Morris Water Maze (MWM)—MWM is used to measure spatial learning and retention 

(Vorhees and Williams, 2006). The MWM consisted of a round plastic tub (diameter 107.6 

cm) filled with water (22–23 °C) made opaque using white non-toxic water-based paint. A 

platform (15.2 × 15.2 cm) was submerged 0.75cm under the surface of the water in a fixed 

location. Four visible extra-maze cues were placed at various points around the maze. Each 

mouse was placed in one of four starting positions on the far side of the pool (120, 150, 210 

and 240° from the platform) and allowed to swim until either they found the submerged 

platform or they reached a ceiling of 60 sec. If they did not find the platform, they were 

gently guided to the platform. Subjects remained on the platform for 5 sec before being 

removed for a 5 min intertrial interval (ITI). During maze acquisition, four trials were 

completed each day for four days. On the fifth day, the platform was removed for a single 

probe trial at 08:00 h. The mouse was placed in the opposite quadrant and the swim pattern 

was recorded for 60 sec. Four hours after the probe trial, subjects were tested for reversal 

learning which consisted of four trials with the platform replaced one quadrant away from its 

original location. Following reversal learning (ITI 5 min), a single visible platform trial was 

conducted where the platform’s location was indicated by a visible rod above the surface of 

the water. The visible platform component was included to ensure that there were no visual 
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or motor deficits potentially contributing to performance on this task following 

developmental ETOH exposure. MWM testing was conducted over 5 days between PD 35–

45.

The dependent measures during acquisition included latency to reach the platform and 

distance travelled for each trial. For the probe trial, annulas crossings (the number of 

crossings in the maze location where the platform was placed during acquisition training) 

and the distance traveled in this region were recorded. For the reversal phase, the dependent 

measures included latency to reach and distance travelled to the new platform location. 

Similar measures were also recorded on the visible platform trial.

Statistical analysis

Data were analyzed using SPSS software version 21 (IBM). To avoid potential litter effects, 

behavioral data from same-sex siblings were averaged together to produce a single data 

point per sex, per treatment, per litter for each measure (Abbey and Howard, 1973, 

Wainwright, 1998). Thus, each data point represented the mean of 2–3 same sex siblings. 

For each analysis, univariate or mixed-factors analysis of variance (ANOVA) was performed 

with treatment and sex as grouping factors and repeated measures when warranted. 

Significant interactions were broken down by simple main effect and/or post hoc Tukey test. 

The Greenhouse-Geisser correction was used to correct for violations in homogeneity of 

variance when necessary. In some cases, this correction resulted in degrees of freedom that 

were not whole numbers. If there was no main effect or interaction with sex or across 

multiple time points (e.g. days, time bins, etc.), the data were collapsed across this variable 

for ease of presentation.

Results

BEC data and body weight

BEC of the separate group of pups was determined on PD 7 (Fig. 1). BEC curves show a 

peak at 325.9 ± 18.8 mg/dl approximately 1 h after intubation for the pups with ETOH 

exposure.

Offspring body weights on PD 4–10 are presented in Table 1. A mixed factors ANOVA 

demonstrated a significant interaction of treatment and age on weight, F (3.06, 32.17) 

=10.84, p < 0.05. Post hoc tests indicated no significant difference in body weights across 

groups on PD 4 - 9. ETOH exposure significantly decreased body weight when compared 

with NTC only on PD 10.

ETOH exposure also reduced body weight at the time of OF (PD 20), EPM (PD 24), and 

MWM (PD 35) testing (Table 1). There were significant interactions between treatment and 

age, F (4, 54) = 3.69, p < 0.05, and sex and age, F (2, 54) = 4.86, p < 0.05. Therefore, post 

hoc tests were conducted for males and females separately. For males, ETOH treatment 

resulted in lower body weights on PD 20 and PD 35, but not on PD 24, relative to maltose-

treated controls (p < 0.05). Ethanol-treatment did not result in significant differences in body 

weight compared to NTC. Additionally, maltose treated offspring weighed more than NTC 

on PD 35, immediately prior to testing in MWM, but did not differ from NTC before OF 
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(PD 20) or EPM (PD 24) testing. Among females, ETOH treatment resulted in a reduction in 

body weight on PD 20 relative to both NTC and maltose controls with no body weight 

differences on PD 24 or PD 35.

Behavioral testing

Open field—Neonatal ETOH exposure increased activity relative to controls in the OF 

(Fig. 2). These data are shown collapsed across sex due to the lack of interaction with 

treatment or a main effect of sex. The repeated measures ANOVA of distance travelled 

revealed significant main effects of treatment, F (2, 43) = 11.99, p < 0.05 and 5 min block, F 
(2.67, 114.7) = 79.16, p < 0.05, with significant interactions of day by block, F (3.89, 167.2) 

= 22.66, p < 0.05. Post hoc tests showed that on day 1 (Fig. 2A) offspring with ETOH 

exposure traveled more distance across all time blocks relative to maltose-treated controls (p 
< 0.05), and from bin 2 to 5 compared to NTC. On day 2 (Fig. 2B), a similar pattern was 

observed. ETOH treated offspring were more active (i.e. traveled more distance) across all 

time blocks than maltose-treated controls, while they were hyperactive from bin 2 to 6 

relative to non-treated controls (p < 0.05).

Additional analyses assessed the effects of ETOH on center exploration and preference, 

respectively, measured as the total distance travelled in the center zone and adjusted for the 

total amount of activity [(distance traveled in the center zone/total distance travelled)×100]. 

As expected, control mice avoided the center zone, with only 19–20% of exploration 

typically occurring in this zone. ETOH treatment was associated with increased distance 

traveled in the center zone (Fig. 2C), although this did not reflect a greater preference for 

open spaces than controls but more reflected the hyperactivity the ETOH exposed animals 

were displaying. The ANOVA on distance traveled in the center revealed a main effect of 

treatment, F (2, 43) = 7.99, p < 0.05, sex, F (1, 43) = 5.33, p < 0.05, day, F (1, 43) = 11.02, p 
< 0.05, and a day by 5 min block interaction, F (5, 215) = 16.96, p < 0.05. Male mice 

explored greater distance in the center than the females, but there was no sex by treatment 

interaction. Post hoc tests showed that offspring with ETOH exposure explored significantly 

more distance in the center than NTC or maltose-treated controls (p < 0.05) on day 1, but not 

on day 2 (p > 0.05). When adjusting these scores for the total level of activity to create a 

preference score, a different pattern was apparent. There were no significant differences 

across groups in center preference on either day 1 or day 2 (data not shown).

Elevated plus maze—Neonatal ETOH exposure also produced hyperactivity in the EPM 

relative to both the NTC and the maltose-treated controls (Fig. 3A). The univariate ANOVA 

of distance travelled revealed a significant main effect of treatment, F (2, 43) = 5.92, p < 
0.05, with post hoc tests confirming these findings.

The ETOH exposed offspring also showed increased exploration of open arms in the EPM 

(Fig. 3B) and preference for the open arms of the maze (Fig. 3C). Univariate ANOVA for 

distance travelled in the open arms showed a main effect of treatment, F (2, 43) = 19.19, p < 
0.05, with post hoc tests showing that ETOH treatment increased the distance travelled in the 

open arms relative to both controls (p < 0.05). The univariate ANOVA of preference scores 

also yielded a significant main effect of treatment, F (2, 43) = 15.40, p < 0.05. As expected, 
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control mice avoided the open arms, with 27% (NTC) of exploration typically occurring in 

these areas of the maze. ETOH treatment increased open arm preference relative to both 

controls (p < 0.05). This effect consisted of a ~15% increase in open arm preference with 

~42% of all exploration occurring in the open arms.

Morris water maze—Both latency (Fig. 4A) and the distance (Fig. 4B) traveled to reach 

the platform were impaired following neonatal ETOH exposure. A subset of mice failed to 

learn to swim to the platform during acquisition, often floating rather than searching for the 

platform. Failure to acquire the task was defined as the failure to reach the platform on all 4 

trials on acquisition day 4. Neonatal treatment did not significantly influence the number of 

mice that failed to meet criterion. Adjusted sample sizes for MWM analyses with the 

removal of subjects unable to acquire the task still represented data from 8–9 litters of mice. 

The mixed-factors ANOVA of escape latency revealed a significant main effect of treatment, 

F (2, 41) = 11.30, p < 0.05, and day, F (3, 123) = 17.47, p < 0.05. Post hoc tests confirmed 

that the ETOH exposed group took longer to find the platform than controls (p < 0.05). The 

mixed-factors ANOVA of distance travelled to the platform revealed a significant main 

effect of day, F (3, 123) = 34.82, p < 0.05, and treatment, F (2, 41) = 18.73, p < 0.05. Post 

hoc tests confirmed that offspring with ETOH treatment traveled greater distance to find the 

platform (p < 0.05) relative to both controls.

For the probe trial, there was also a significant main effect of treatment, F (2, 41) = 3.66, p < 
0.05. Post-hoc analyses revealed a reduction in the number of annulus crossings in the 

ETOH exposed offspring compared to maltose controls (p < 0.05), but not NTC (p > 0.05) 

(Fig. 4C). There were no significant treatment effects on the distance explored in the target 

quadrant.

Performance on the reversal component of the MWM is shown in Fig. 4D. There was a main 

effect of treatment, F (2, 41) = 6.47, p < 0.05, and day, F (3, 123) = 14.79, p < 0.05 with the 

ETOH exposed offspring taking longer to reach the platform than the controls. There were 

no significant interactions or main effects on the distance travelled to reach the platform.

All treatment groups performed similarly on the visual platform component of the MWM 

(data not shown) indicating that any changes were not due to impairments in vision or 

swimming.

Discussion

This study was designed to investigate the effects of neonatal ETOH exposure on activity in 

an OF, the EPM and spatial learning and retention in a MWM in male and female C57BL/6 

mice. Our results showed that neonatal ETOH exposure resulted in hyperactivity and deficits 

in learning and memory in young mice with no sex differences observed. These results are 

similar to those in clinical studies and so provide strong face validity for this mouse model 

of FASD. The effects observed in the current study are also very similar to those that have 

been reported in a variety of rat models for fetal ETOH effects, including those based on 

gestational exposure alone (Carneiro et al., 2005, Hofmann et al., 2005), postnatal exposure 

alone (Thomas et al., 2007, Lewis et al., 2012), and combined pre and postnatal exposure 
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(Cronise et al., 2001, Brocardo et al., 2012), and so provide strong support for this mouse 

model.

Hyperactivity appeared to be a consistent finding in two different paradigms (OF and EPM) 

and at two different ages in the current study. This suggests that this effect generalizes across 

different paradigms at least in the young mouse. Hyperactivity is one of the more frequently 

observed behavioral characteristics in both rodent models and in clinical populations with 

FASD and represents a key focus of drug development efforts for FASD (Koren, 2015). It 

should be noted that Downing and colleagues administered ETOH in utero to C57/BL6J 

mice and did not observe any evidence of hyperactivity (Downing et al., 2009). While the 

dose used by Downing et al was slightly lower than in the current study (3 g/kg/day vs 4 

g/kg/day), the peak BEC’s were fairly similar. This may provide evidence that the “3rd 

trimester” exposure model is more sensitive to the behavioral teratogenic effects of ETOH 

on activity in this C57 mouse model. Additional research would be needed to support this 

hypothesis.

In addition to activity, both the OF and EPM tasks used in the current study included a 

component typically used to assess anxiety: the open arms of the EPM and the center region 

of the OF. Mice generally avoid these open areas and control mice displayed this species-

typical behavior. ETOH exposure increased exploration in these open areas, although 

interpretation was complicated by the fact that these offspring were hyperactive. To better 

understand this pattern, activity in the open areas was assessed relative to total activity for 

each subject and this lead to different patterns on the two tasks. For the OF, the ETOH 

exposed mice were equally hyperactive in the periphery and in the center and so the 

increased exploration in the center was probably best explained as hyperactivity. In contrast, 

EPM exploration showed open arm preference approaching 50% in the ETOH exposed 

offspring suggesting no real preference or avoidance for the open arms. These EPM findings 

are consistent with previous studies using young rats with early ETOH exposure (Carneiro et 

al., 2005).

The disparity in ETOH effects on open area exploration in the OF and EPM is interesting. 

Although these open areas are both aversive, previous studies suggest that the EPM may be 

more sensitive to anxiolytic than the OF (Schmitt and Hiemke, 1998, Acevedo et al., 2014), 

possibly due to the unique combination of open spaces and raised elevation in the EPM 

(Schmitt and Hiemke, 1998). It should also be noted that there is controversy about the use 

of many of the standard tests for anxiety, including the OF and EPM and so any conclusions 

regarding changes in anxiety as a result of the current findings would need additional 

examination (see Ennaceur, 2014).

ETOH exposure impaired acquisition of the MWM spatial task. Offspring with ETOH 

exposure had longer swim paths and greater latencies to reach the platform during 

acquisition of the task. These differences were not observed on the visible platform trial, so 

the differences in performance displayed by the ETOH exposed offspring relative to the 

controls could not be due to swimming deficits. Treatment effects were not evident on the 

first trial, but once evident, were consistent across acquisition and during reversal learning. 

While the results from the reversal phase might suggest that the ETOH exposed offspring 
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had difficulty extinguishing their originally learned response (to find the platform), this is 

confounded by the fact that they had acquisition deficits (Vorhees and Williams, 2006). It is 

also complicated since there were no ETOH effects on the probe trial relative to non-treated 

controls. One potential interpretation could be that the ETOH exposed offspring took longer 

but eventually they were able to acquire the task. These findings are consistent with previous 

3rd trimester ETOH exposure rodent models reporting deficits in MWM acquisition 

(Goodlett and Peterson, 1995, Banuelos et al., 2012, Wagner et al., 2014). Deficits in 

memory and spatial abilities are also commonly reported among clinical populations with 

fetal ETOH exposure (Doyle and Mattson, 2015) and also represent key targets for 

intervention.

There were no observable sex differences in outcome as a function of neonatal ETOH 

exposure. Previous mouse studies with relatively brief, 1 or 3 days, postnatal ETOH 

exposure paradigms have similarly shown little or no sex differences with one exception 

after a 2-day binge that was limited to the probe trial (Wagner et al., 2014). It should be 

noted that all testing was done in young offspring (ages ranging from PD 20 – 45) and it is 

possible that sex differences could emerge at a later age or in different paradigms. While 

performance in the MWM was conducted in females who may have entered puberty, estrus 

cycles were not recorded. This is not a significant concern, in part, because a recent meta-

analysis by Becker et al., has provided convincing evidence that estrus cycle has little (or no) 

effect on variability in numerous behavioral, neuroanatomical, electrophysiological 

endpoints (Becker et al 2016).

In addition to the overlap in behavioral characteristics displayed by these offspring to rat and 

clinical studies, one advantage of this mouse intubation model over injection is that it is 

more clinically relevant route of administration. Moreover, intubation allows for a more 

consistent and better controlled BEC level in the pups. It should be noted that a relatively 

high BEC was used in the current study as previous studies have emphasized the importance 

of peak BECs in ETOH’s behavioral teratogenicity (Kelly et al., 1987) and that higher BECs 

are typically required for persistent behavioral effects (Allan et al., 2003). Even considering 

the faster metabolic rate in rodents such as mice and the difference in sensitivity to these 

high doses, similarly high BEC levels have been reported in human populations (Urso et al., 

1981, Jones and Harding, 2013) and other rodent models (Goodlett et al., 1990).

The underlying mechanisms for these behavioral deficits require further study. Normal 

developmental signaling in neurons (Luo, 2009) and glial cells (Costa et al., 2004) has been 

shown to be disrupted by neonatal ethanol exposure in a variety of CNS regions including 

prefrontal cortex, corpus callosum, hippocampus and cerebellum, which control the 

functions of activity, learning and memory (Alfonso-Loeches and Guerri, 2011). These 

changes may contribute to the effects observed and further work with this model can help 

answer these questions. This model may be a useful addition to better understand the 

molecular, cellular and genetic mechanisms underlying ethanol-induced behavioral deficits 

in FASD.
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Figure 1. BEC of ETOH treated pups
BECs were measured at 0.5, 1, 1.5, 2, 3, 4, 6 and 8 hours post ethanol intubation (4 g/kg) on 

PD 7. BECs peaked at approximately 1 h post intubation. Data are expressed as the mean ± 

S.E.M (N=4).
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Figure 2. Open field test
Neonatal ETOH exposure resulted in hyperactivity on both day1 (A) and day 2 (B). Data is 

presented, collapsed across sex, as distance travelled (mean ± S.E.M.). ETOH exposed 

offspring also traveled a greater distance in the center relative to controls on the first day of 

testing (C). Data is presented, collapsed across sex and the 30-min test session for each day 

(mean + S.E.M.). *indicates a significant difference from both NTC and maltose-treated 

controls. (#) indicates a significant difference from maltose-treated animals. N’s = 8 – 9 

litters per treatment group. p’s < 0.05.
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Figure 3. Elevated plus maze test
ETOH exposed offspring were more active in the EPM (A), traveled more distance (B) and 

spent a greater percentage of their time in the open arms (C) relative to controls. The data is 

presented, collapsed across sex, and the 30-min test session. * indicates a significant 

difference from both controls. N = 8 litters per treatment group. p’s < 0.05.

Xu et al. Page 15

Alcohol Clin Exp Res. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. Performance in the Morris Water Maze
Acquisition of the spatial task across the 4 test days was impaired by neonatal ETOH 

exposure, shown as increased escape latency (A) and distance (B). The data is collapsed 

across sex and 4 daily acquisition trials (mean ± S.E.M). The number of annulus crossings 

was measured in the probe trial (C). Reversal learning of MWM was tested by shifting the 

platform to a novel location and the latency was measured (D). * indicates a significant 

difference from both controls. (#) indicates a significant difference from maltose-treated 

animals. (N=8–9) refers to the number of litters represented per treatment group. p’s < 0.05.
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