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After Moderate Prenatal Alcohol Exposure and Placental Insufficiency
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Prenatal alcohol exposure (PAE) occurs in greater than 5% of infants in the United
States, resulting in long-term neurodevelopmental deficits, cognitive impairment, and poor
motor control. Impairment in executive functioning, as noted in PAE children, presents as
behavioral inflexibility, impaired learning and increased emotional problems.
PAE can also increase the risk of placental abnormalities, with women who abuse
alcohol during pregnancy having an increased risk of placental dysfunction. Specifically,
women who consume 5 or more alcohol drinks per week have a more than two-fold
increased risk of placental abnormalities, including placental vasoconstriction, preeclampsia, placental abruption and placenta previa. Thus, women who consume alcohol
during pregnancy are at an increased risk of having an infant with neurodevelopmental
deficits secondary to preterm delivery from placental insufficiency, as well as from PAE.
The cumulative impact of PAE and placental insufficiency (PI) on neurological outcomes
and brain development is not well characterized. Additionally, reduced cognitive flexibility
has been found among children following PAE, with poor performance on tests that require
complex planning, but the impact of PI remains unknown.

No Differences in Visual Discrimination and Reversal

STUDY OBJECTIVE
We investigated the impact of prenatal alcohol exposure (PAE) and placental
insufficiency (PI) on neurodevelopmental outcomes through testing on a touchscreen
operant platform paradigm. We hypothesized that PAE+PI would result in greater deficits
in executive function than either PAE or PI alone.

METHODS
In Utero Alcohol Exposure
Female Long-Evans rats were gradually acclimated to voluntary drinking of 5% ethanol
(EtOH) in 0.066% saccharin for 4 hours daily. Following two weeks of 5% EtOH
consumption, females were bred. Pregnant rat dams voluntarily consumed either 0% or
5% EtOH in 0.066% saccharin 4 hours daily until gestational day 18 (GD18). Average
consumption was 2.04 grams of ethanol/kg body weight/day with a mean peak maternal
serum EtOH concentration of 42.0 ± 3.0 mg/dL.
In Utero Placental Insufficiency
On E19, a laparotomy was performed to occlude the uterine artery for 60 minutes,
inducing Placental Insufficiency (PI). In the sham rats, an open laparotomy was completed
with visualization of the uterine horns, but no other intervention. Pups were delivered
normally at term and matured with their dams until weaning on postnatal day 24 (P24).
Touchscreen Cognitive Testing
On P28, touchscreen training commenced with mild diet restriction. Upon obtaining
goal weight, the rats were trained on a touchscreen operant platform starting by
investigators blinded to injury status. Each rat had one testing session per day. Rats that
underwent visual discrimination testing did not complete 5-choice testing, and vice versa.
In the visual discrimination and reversal testing group, visual discrimination (VD)
followed by reversal tasks were completed to assess executive function and cognitive
flexibility, respectively (n=27-31/group). After pretraining is complete, visual discrimination
testing ensures where rats are tested on pairwise stimuli presented in a
pseudorandomized manner over 60-trial sessions with 5 second inter-trial intervals.
Correct responses result in an immediate food reward; incorrect responses result in a
timeout during which the house light is on, followed by a correction trial. Reversal training
begins after the ≥80% criterion is attained over 2 consecutive sessions, and the
designation of stimuli as correct versus incorrect is reversed for each rat.
In the 5-choice serial reaction task (5C-SRT), the stimulus duration becomes
progressively shorter (starts at 20 seconds and reduces to 2 seconds; n=10/group).
Criterion is reached and the stimulus duration is reduced if a rat has 30 correct responses
over the 120-trial session and mean correct latency of half the stimulus duration for 2
consecutive sessions. After the 5-choice SRT is completed, the 5-choice continuous
performance task (5C-CPT) is conducted. In these sessions, the stimulus presentation is 2
seconds, followed by a variable inter-trial interval of 3 to 7 seconds. Also, non-target trials
are included where all five stimulus windows are illuminated simultaneously, to which the
rat should withhold a response. The non-target trials are initially at a 2:1 ratio (2 target
trials to 1 non-target trial) and the progress to a 5:1 ratio (5 target trials to 1 non-target
trial) upon reaching criterion at the 2:1 ratio. Each daily session lasts no more than 60
minutes. Rats typically complete testing in 30-40 days.
Statistical Analysis
Three-way analyses of variance (ANOVA) were used to analyze each of the measures
collected in the touchscreen paradigm. PAE, PI, and sex are the between-subject factors.
For the visual discrimination testing, performance was assessed in terms of correction
errors, reversal errors, and response time.
For the 5C-CPT this included target correct responses, non-target correct rejections,
incorrect target responses, incorrect non-target false alarms, premature responses,
omissions, mean correct latency, and mean reward latency. Utilizing the measures
collected, calculations were completed to determine accuracy, percent omissions, percent
correct, hit rate, false alarm rate, and sensitivity index.

Figure 3: During visual discrimination, no differences were noted between groups in total trials (A), total
incorrect trials (B), correction trials (C), or reaction time and magazine latency (D). During reversal, no
differences between groups were noted in total trials (E), total incorrect trials (F), correction trials (G), or
reaction time and magazine Latency (H). n=27-31/group; sex data combined as no differences observed.
Figure 1: A timeline of the experimental design, showing daily ethanol exposure during pregnancy, followed by placental insufficiency on
E19, and birth of pups. Touchscreen Cognitive Testing commenced 8 weeks after birth.

No Differences in Early or Learning Phases of Reversal
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Figure 4: During the early phase of reversal, no differences were noted between groups in total trials
(A), total incorrect trials (B), or correction trials (C). During the learning phase of reversal, no differences
were noted between groups in total trials (D), total incorrect trials (E), or correction trials (F). n=2731/group; data are group mean ± SEM; sex data combined as no differences observed.

DISCUSSION

The analysis of VD reversal variables demonstrated no statistically significant
differences among experimental groups. The analysis of 5C-CPT variables showed
significant interactions between sex, placental insufficiency, and ethanol consumption.
Specifically, there were significant differences in the percent false alarms and percent
hit, indicating differences in attention and inhibition, and percent omissions. Thus, the
combination of PAE and PI does appear to result in abnormalities in
neurodevelopmental outcomes, as observed through testing on a touchscreen
operant platform paradigm.
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Figure 2: During 5:1 5C-CPT testing, significant differences between sex, placental insufficiency, and ethanol were observed in the
percent hit rate (A, p<0.001) and percent false alarm (B, p<0.01). The sensitivity index had a significant difference between sex and
ethanol, but not when placental insufficiency was included in the analysis (C, p=0.27). Similarly, the percent premature responses was
not different between all three factors (D, p=0.47). The correct choice latency and reward latency were not different, indicating all rats
were able to respond appropriately and move throughout the cage (E). The percent omissions were significantly different (F, p<0.001).
n=10/group; **p<0.01, ***p<0.001; data are group mean ± SEM.
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