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Abstract

Prenatal exposure to ethanol results in sensory deficits and altered social interactions in animal 

and clinical populations. Sensory stimuli serve as important cues and shape sensory development; 

developmental exposure to ethanol or sensory impoverishment can impair somatosensory 

development, but their combined effects on behavioral outcomes are unknown. We hypothesized 

that 1) chronic prenatal ethanol exposure would disrupt social interaction and somatosensory 

performance during adolescence, 2) that a mild sensory impoverishment (neonatal unilateral 

whisker clipping; WC) would have a mildly impairing to sub-threshold effect on these behavioral 

outcomes, and 3) that the effect of ethanol would be exacerbated by WC. Long-Evans dams were 

fed a liquid diet containing ethanol or pair-fed with non-ethanol diet on gestational day (G) 6-G21. 

Chow-fed control animals were also included. One male and female pup per litter underwent WC 

on postnatal day (P)1, P3, and P5. Controls were unclipped. Offspring underwent social 

interaction on P28 or P42, and gap-crossing (GC) on P31 or P42. Ethanol-exposed pups played 

less and crossed shorter gaps than control pups regardless of age or sex. WC further exacerbated 

ethanol-induced play fighting and GC deficits in all males but only in 28-day-old females. WC 

alone reduced sniffing in all males and in younger females. Thus, prenatal ethanol exposure 

induced deficits in social interaction and somatosensory performance during adolescence. Sensory 

impoverishment exacerbates ethanol's effect in 28-day-old male and female animals and in 42-

day-old males, suggesting sex-and age-dependent changes in outcomes in ethanol-exposed 

offspring.
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1. INTRODUCTION

Developmental exposure to ethanol results in sensory deficits and altered social interaction 

in humans and in animal models [1-13]. The range and severity of these outcomes are 

sensitive to several factors (including timing, dose, and duration of ethanol exposure, as well 

as maternal genetics, nutritional status, and age [14-19]). In humans, social deficits can 

range from minimal to severe depending on such factors, but can manifest as poor social 

skills, difficulties understanding social cues, and inappropriate social behavior that causes 

problems within the home, at school, or with the law [7, 13, 20, 21]. Also apparent in this 

population are sensory deficits including sensory processing deficits and problems 

transferring somatosensory information between hemispheres [1, 11, 13, 21].

Ethanol-induced alterations in social behavior have been described in rodent models; for 

example, switched sexual dimorphic social play patterns in adolescents [4, 22], delayed 

maternal responses in dams that were prenatally exposed, increased aggression in prenatally 

exposed adult males [10, 23], and altered sexual interactions in both sexes [24, 25]. In 

addition to altered social behavior, sensory detection and processing of somatosensory 

stimuli are also impaired following prenatal ethanol exposure [2, 6]. This may be due, in 

part, to the ethanol-induced alteration in the structure of somatosensory cortex [5, 26-30].

Sensory stimuli play an important role in both cueing and shaping social interaction in 

rodents [31-35]. Damage to or removal of the somatosensory cortex alters play behavior 

[31]. Similarly, numbing of the animals nape (thereby decreasing sensation and inhibiting 

activity in the somatosensory system) reduces play interaction [2, 33].

Disrupting input into the somatosensory system during development also alters its structure 

and somatosensory-dependent behaviors. This can be modeled by damaging whisker 

follicles or clipping whiskers during the first postnatal week when thalamocortical afferents 

develop the typical barrel pattern [36, 37]. These manipulations cause a sensory 

impoverishment that has long-term effects on cortical morphology and function of the 

somatosensory system, including increased neuronal activity and increased size of the 

excitatory receptive field of the rodent barrel cortex [38-41]. Impoverishment can also have 

a long-term effect on behavior; bilateral neonatal whisker clipping the first three days of life 

leading to decreased performance on a somatosensory-dependent task (gap crossing) and 

increased social interaction during play with no effect on anxiety as measured by elevated 

plus maze performance [38].

Chronic prenatal exposure to ethanol alters the structure of the somatosensory system; 

reducing neuronal numbers in trigeminal nuclei [28] and the somatosensory cortex [5], and 

stunting thalamocortical afferents to cortex [42]. There is also a delay in the emergence of 

barrels in the somatosensory cortex and lower neuronal density within barrels [26, 27, 29, 

30]. Depressed neuronal activity is seen in the adult somatosensory cortex of ethanol-

exposed animals [43-45] and delays in cellular maturation, such as expression of N-methyl-

D-aspartate receptor isoforms, have also been reported following prenatal ethanol exposure 

[6, 46]. Taken together this shows that prenatal ethanol exposure alters the structure and 

function of this system.
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While both prenatal ethanol exposure and sensory impoverishment have distinct effects on 

the developing brain and consequent behavior, only one study has investigated the effect of 

disruption of somatosensory function and developmental ethanol exposure in concert on 

social behavioral outcomes [2]. In this study, rats were exposed to ethanol from gestational 

day (G)1 to G22 and postnatal day (P)2 to P10 and underwent a social interaction test during 

adolescence. Ethanol-exposed rats showed increased pinning during social play. Acute 

inhibition of tactile (somatosensory) input by numbing the nape depressed pinning in control 

animals at the highest dose of xylocaine tested. Ethanol-exposed animals that were numbed 

demonstrated increased pinning and were more sensitive to degrading touch cues, showing 

reductions in pinning at lower xylocaine doses during social interaction in comparison to 

controls. This suggests ethanol-induced difficulties in processing somatosensory cues alter 

social behaviors and that acute disruptions to sensory stimuli can directly exacerbate the 

ethanol effect.

The current study tested the hypotheses (1) that prenatal ethanol exposure disrupts social 

interaction, elevated plus maze, and whisker-related somatosensory performance (gap 

crossing) during adolescence, (2) that a modest sensory impoverishment during early 

development (neonatal unilateral whisker clipping; WC) would have mild but long-term 

effects on social interaction and gap crossing, and (3) that the double-hit of prenatal ethanol 

exposure and WC would have the greatest effect on the behaviors tested.

2. METHODS

2.1 Subjects

Timed pregnant Long Evans dams (Harlan, Fredrick, MD, USA) were brought in on G3 (G1 

was designated as the first day a sperm-plug was identified). Animals were housed in an 

AAALAC -approved facility at the University Of Maryland, Baltimore that is humidity- 

(40-45%) and temperature-controlled (22°C) and maintained on a 12/12-hr light/dark cycle 

(lights on at 0700). All procedures were performed with approval of the Institutional Animal 

Care and Use Committee (IACUC) at the University of Maryland, Baltimore and were in 

accordance with the guidelines for animal care established by the National Institutes of 

Health.

2.2 Prenatal exposure

Starting on G6, dams were randomly assigned to one of three prenatal exposure conditions. 

Two groups received a liquid diet (Bio-serve, Frenchtown, NJ). One group (ET) received 

diet containing 11.5% ethanol-derived calories (EDC) on G6 and G7, 22% EDC on G8-G10, 

and 35% EDC between G11 and G20. Blood ethanol concentrations typically reach 100-150 

mg/dl [47, 48]. A second group (PF) was pair fed an isonutritive, isocaloric liquid diet 

containing maltose in place of the ethanol. The third group (CH) received ad libitum access 

to laboratory chow. All animals had ad libitum access to water. On G21, liquid diet-fed 

dams were returned to regular chow. Birth typically occurred on G22 (also designated as 

P0).
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2.3 Postnatal manipulation

Within 24 hr of birth, all litters were surrogate fostered to a CH dam. Litter information was 

recorded (litter size, sex ratio, average male and female pup weights) on P1, then litters were 

culled to 10 keeping the ratio of males to females at 6:4 as best as possible. One male and 

one female pup from each litter were randomly assigned to a postnatal unilateral whisker 

clip (WC) group; on P1, P3, and P5, the right whiskers were clipped 1mm or less from the 

skin using a sharp surgical scissors. One male and one female pup from each litter was left 

unclipped and assigned to the non-whisker clipped (NWC) group. Pups were weaned on P21 

and housed in same sex littermate pairs.

A total of 54 litters were used to generate 225 male and female offspring to serve as 

experimental subjects. An additional 32 untreated litters provided the 225 social interaction 

partners. To avoid potential litter bias no more than one male and one female from a litter 

was allotted to each treatment condition per testing age [49]. Animals were divided into two 

distinct cohorts. One cohort underwent social interaction (SI) testing at P28, followed by gap 

crossing at P31 and elevated plus maze testing at P35; a second cohort of animals underwent 

SI testing and gap crossing at P42.

2.4 Measurement of whisker length

On P42, a sub-set of 70 rats were anesthetized with 3% isoflurane (Vet One, Boise, ID) until 

unconscious, and C-row whiskers (C1 to C5) were plucked from the base of the muscle on 

both the clipped and non-clipped sides. The length (mm) for each whisker from the base to 

the tip of the whisker shaft was measured and recorded.

2.5 Social Interaction Test

On P28 or P42 rats were transported to a dimly lit testing room where they habituated to the 

room for 2 h before undergoing testing in a modified social interaction (SI) paradigm [9, 50, 

51]. The SI apparatus was a perspex box (30 cm × 20 cm × 20 cm; Binghamton Plate Glass, 

Binghamton, NY). This box included a clear partition that divided it into two equal halves 

with a semicircular hole (7 cm × 5 cm) in the middle, which allowed the animals to 

temporarily avoid contact by moving between compartments [9, 50]. Each test comprised a 

10 min interaction between an experimental animal and an untreated play partner. Animals 

were matched for weight (weight difference no greater than ±10 g), age, and sex.

All animals underwent a 30 min isolation; play partners spent the entire 30 min isolation in a 

holding cage. Experimental subjects had their sides marked with a non-toxic red Sharpie™ 

marker and then spent 20 min in a holding cage and 10 min in the SI box. During this 

habituation to the SI box, locomotor activity was tracked and recorded using a Sentech STC-

TB83USB-AS camera and Anymaze™ software (San Diego Instruments, San Diego, CA). 

Locomotor activity dependent measures included: total distance traveled (m) and average 

speed of travel (m/s).

Following habituation, a play partner was introduced into the SI box and animals were 

recorded for 10 min (using the camera and AnyMaze™ software as above). Videos were 

scored by a trained observer blinded to experimental conditions. SI behaviors scored 
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included: 1. play fighting, which included tags (forelimb or muzzle contacts to the nape 

area) and pins (when the experimental animal rolled the play partner onto it's back), 2. social 

motivation (social motivation is defined as a coefficient (%) = [(crossing the partition 

towards the play partner – crossing the partition to get away from the partner)/ total partition 

crosses]) 3. chasing (time spent in pursuit/following the play partner), and 4. sniffing (time 

spent sniffing the play partner)[52].

The SI box was wiped with towels dampened with a dilute cleaning solution containing 

0.26%. alkyl dimethyl benzyl ammonium chloride between subjects to dislodge any 

confounding scents remaining in the box.

2.6 Gap Crossing

Somatosensory performance was examined using a modified gap-crossing task [38, 39] on 

P31 or P42. Rats were placed on a drawbridge (15 cm wide × 60 cm long) 31 cm above the 

floor of a well-lit white box (78 × 48 × 62 cm) and traversed an increasing gap to a dark 

escape box (25 × 25 × 25 cm). Initial starting distance to the escape box was 1 cm and was 

increased by 1 cm after each successful trial until they failed cross the same distance twice 

in a row, either by falling or by refusing to cross within the 120s trial time limit. As only a 

total of 14 falls from 12 subjects was recorded throughout the study, the distance of the 

longest gap successfully crossed was recorded as the dependent meassure.

2.7 Elevated plus maze

On P35, anxiety was assessed in the first cohort of animals using an elevated plus maze 

(Stoelting, Wood Dale, IL). Animals were placed in the center of the plus, and activity was 

tracked for 10 min using the Anymaze™ software and camera system described above. 

Measures recorded included: total distance traveled, speed, and preference for the open 

arms: [(time (s) in open arm - time in closed arm)/total time].

2.8 Experimental Design and Data Analysis

For each measure, mean and standard error of the mean (SEM) was generated. An initial 4-

way analysis of variance (ANOVA) was performed with each social behavior metric to 

assess sex interactions. Because there are innate sex differences in rat social behavior [53] as 

well as sex-dependent effects of ethanol [4, 54-57], follow-up 3-way ANOVAs were 

performed on data sets that were separated by sex. Study design for social interaction and 

gap crossing tests was a 3 (prenatal exposure: ET, PF, or CH) × 2 (postnatal manipulation: 

WC or NWC) × 2 (age: P28 or P42) × 2 (sex: male or female) factorial. Elevated plus maze 

data was only collected at one age, thus the design for this behavior was a 3 (prenatal) × 2 

(postnatal) × 2 (sex) factorial. All dependent measures were assessed using separate between 

group analyses of variance (ANOVAs); Tukey's post hoc comparisons were used to 

determine group differences in both the main and interactive effects. All non-behavioral data 

related to dam and litter information were assessed using one-way ANOVA or one-way 

ANOVA on ranks as applicable. Whisker lengths were assessed using a three-way ANOVA 

with sex serving as the third variable. The α for all statistical comparisons was set as p<0.05.
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Greater sensory processing difficulties have been well documented in ethanol exposed 

offspring [1,2,11] compared to non-exposed offspring, and work by Charles-Lawerence et al 

[2] shows greater sensitivity in these ethanol exposed offspring to acute sensory 

impoverishment can effect social behavior. This prompted the direct a priori comparisons 

between ET/NWC and CH/NWC groups as well as between ET/WC and ET/NWC groups 

regardless of the presence of prenatal by postnatal exposure interaction, to detect the effect 

neonatal sensory impoverishment can have on social behavior. This should serve to clarify 

the data by subverting type 2 error common in studies that have a large number of 

experimental factors and relatively subtle effect sizes. To correct for family-wise error that 

arises with multiple planned comparisons, Bonferroni corrections were applied.

3. RESULTS

3.1 Dam and Litter Data

Dams were weighed on G6, G13, and G20 and their average daily weight gain was 

calculated for all prenatal treatment groups. Assessment of maternal weight gain revealed no 

significant differences among the groups (Table 1). Nor were dam weights different just 

prior to birth (mean ± SEM: CH, 320 ± 6.81 g, PF, 321 ± 4.82 g, ET, 312 ± 6.14 g).

There was no effect of prenatal exposure on litter size, litter sex ratio, or average pup body 

weights on P1 (Table 1). Litter size averaged ~9 pups per litter, ranging from 6 to 15 pups. 

Overall, ~48% of pups were male. Pup weights on P1 ranged from 4.8 g to 7.6 g, but 

averaged 5.7 g overall.

3.2 Whisker length outcomes

Three-way ANOVA analysis revealed no effect of whisker clipping or sex on the length of 

the majority of the C-row whiskers measured on P42. There was however a main effect of 

prenatal exposure on the C1 whisker (F2,58 = 3.855, p=0.027); Et exposed offspring had 

slightly longer (~0.02 mm) C1 whiskers than the CH-exposed cohort (p=0.02). Prenatal 

exposure had no effect on the other C-row whisker lengths (Table 2).

3.3 Social interaction (SI)

3.3.1 Play fighting—Assessment of play fighting using a 4-way ANOVA showed 

significant prenatal exposure by sex (F 2,206 = 4.50, p=0.01) and sex by age interactions 

(F 1,206 = 6.25, p=0.01) (Figure 1A). Post hoc revealed that male offspring of PF- and CH-

fed dams play fought with their play partners more than female offspring(p<0.001 and 

p=0.008, respectively). This sex effect was absent in the ET rats: prenatal ethanol exposure 

reduced play fighting in males to levels comparable to that of their female counterparts. 

There was also an age effect present in the females that was absent in the males, with the 28-

day-old females play fighting more than their older counterparts (p=0.001). The data set was 

then separated by sex for further assessment.

3.3.2 Play Fighting (males)—Play fighting showed a significant interaction of prenatal 

exposure by postnatal manipulation (F 2,99 = 3.16, p=0.04). Both PF and CH rats play fought 

with their play partner actively (~60-80 times per 10 min play period) during the session. In 
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comparison, post hoc analysis revealed rats prenatally exposed to ethanol showed decreased 

play fighting, playing with their play partner half as much as either the CH or PF exposed 

rats (p<0.001 for both groups). Whisker clipping further exacerbated the ethanol-induced 

play fighting deficits (p=0.006) (Figure 1A left). Play fighting was unaffected by the age of 

testing.

3.3.3 Play fighting (females)—Examination of play fighting in females revealed 

significant main effects of age (F 1,104 = 13.03, p<0.001) and prenatal exposure (F 2,104 = 

12.96, p<0.001; Figure 1A right). Female rats engaged in more play fighting at P28 than at 

P42 (p<0.001). Prenatal exposure to ethanol decreased the amount of play fighting at both 

ages compared to both CH and PF exposed controls (p< 0.001 for both). There was no 

significant main effect or interaction of whisker clipping on female play fighting behavior in 

the initial ANOVA assessment, however, a priori assessment of the 28 day-old ET-treated 

animals showed that ET/WC pups play fought less than the ET/NWC group (t 21 = 1.92, 

p=0.03).

3.3.4 Social Motivation (males)—The 4-way ANOVA showed that sex did not interact 

with any between group factors, however there was a trend for males to be more socially 

motivated than females (p=0.06). The data was split by sex for further assessment. In males, 

all groups showed a positive preference, crossing more often to be in the same chamber as 

the play partner than crossing away (Figure 1B left). There were no significant effects of 

prenatal exposure or postnatal manipulation.

3.3.5 Social Motivation (females)—In females, social motivation outcomes 

demonstrated no significant effect of any of the between group factors in the initial 

ANOVA. Most groups showed a positive preference, crossing more often toward the play 

partner than away; the exception was the 42-day-old ET/NWC animals which showed a 

negative coefficient (Figure 1B). At P42, a priori comparisons between ET/WC vs 

CH/NWC (t 14=1.743, p=0.05) and ET/WC vs ET/NWC (t15 =−2.64, p=0.04) groups 

demonstrated the ET/NWC to have a significant social avoidance (Figure 1B right).

3.3.6 Sniffing (males)—The 4-way ANOVA revealed a postnatal manipulation by sex by 

age effect (F 1,206 = 5.92, p=0.02) on sniffing behavior. Although time spent sniffing the 

play partner was not affected by prenatal exposure or the age at which the animal was tested 

in males, postnatal manipulation significantly reduced sniffing in WC males compared with 

NWC males (F 1,99 = 17.34, p<0.001), regardless of age or prenatal exposure (Figure 2A 

left).

3.3.7 Sniffing (females)—In females, sniffing showed an interaction of age and postnatal 

manipulation (F 2,104 = 4.11, p=0.02; Figure 2A right). Whisker clipping significantly (p= 

0.006) decreased time spent sniffing by 28-day-old animals, but did not affect this behavior 

at P42.

3.3.8 Chasing (males)—The 4-way ANOVA assessment revealed significant prenatal 

exposure by sex and age by sex interactions (F 2,206 = 4.00, p=0.02 and F 1,206 = 14.40, 

p<0.001, respectively) as well as a trend for a prenatal exposure by postnatal manipulation 
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by sex interaction (p=.06). Post hoc analysis revealed that CH and PF males chased more 

than females (p=0.02, for both groups) and that this effect of sex was absent in ET animals 

and that overall 42-day old males chased more than females this sex effect was not seen in 

the younger animals. The data set was then split by sex for further assessment.

In males, there was a significant age × prenatal exposure interaction (F 2,99 =7.63, p<0.001) 

on male chasing during play. Prenatal ethanol exposure significantly reduced time spent in 

pursuit of the play partner compared to both the CH (p=0.018) and PF (p=0.027) animals at 

P42, but not at P28. There was no difference in chasing between the CH and PF groups. The 

pattern of chasing was significantly altered between prenatal treatment groups at the 

different ages; CH and PF animals chased less on P28 and more on P42 (p=0.008 and 

p=0.009, respectively), whereas ET pups chased more on P28 and less on P42 (p=0.035; 

Figure 2B left).

3.3.9 Chasing (females)—In females, time spent chasing showed a significant age by 

prenatal exposure interaction (F 1,104 = 4.09, p=0.045; Figure 2B right). Breakdown of this 

revealed that prenatal ethanol exposure increased chasing behavior compared to both the CH 

and PF controls in the 28- but not the 42-day-old animals. PF and CH rats spent a similar 

amount of time chasing their play partners at both ages.

There was also a significant prenatal exposure × postnatal manipulation interaction (F 1,104 

= 4.71, p=0.03) on female chasing. Post hoc examination of data collapsed across age 

revealed that the ET/WC animals chased more than all other treatment groups (p<0.020 for 

all groups); however, assessment of the ages separately using a two-way ANOVA showed 

this effect to be driven by whisker clipping exacerbating chasing in the 28-day-old ET 

females (p<0.001). No significant effect of whisker clipping was found in either the PF or 

CH control groups.

3.4 Locomotor activity

3.4.1 Locomotor activity during habituation (males)—While the 4-way ANOVA 

did not detect a significant main effect or interaction containing sex, there was a trend for a 

prenatal exposure by postnatal manipulation by sex interaction (p=0.08) thus the data for 

males and females were assessed separately. In males, locomotor activity during habituation 

to the SI apparatus was not altered by prenatal exposure or postnatal manipulation, but did 

differ as a function of age.. A main effect of age was noted for distance traveled (F 1,99 = 

9.648, p=0.002) and speed (F 1,99 = 7.98, p=0.006; Table 3). Animals tested on P42 were 

significantly more active in the box than those tested on P28, moving faster and traveling 

more than twice the distance (Table 3).

3.4.2 Locomotor activity during habituation (females)—In females, there was a 

significant prenatal exposure × postnatal manipulation interaction (F 2,104 = 4.118, p=0.02) 

on distance traveled (Table 3). Collapsed across age, the female CH/WC group was less 

active than the CH/NWC group (p=0.031). Whisker clipping had no effect on the PF or ET 

groups.
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Speed was significantly affected by age (F 1,104 = 16.712, p<0.001; Table 3). Older rats 

traveled about twice the speed as the younger animals. Neither prenatal exposure nor 

postnatal manipulation had any effect on this measure.

3.4.3 Locomotor activity during social interaction (males and females)—The 

total number of crosses made by the experimental animal during play showed no effect of 

age, sex, prenatal exposure, or postnatal manipulation on this outcome in either male or 

female offspring (Table 3).

3.5 Gap Crossing

3.5.1 Gap crossing (males)—The 4-way ANOVA did not reveal either a main effect or 

interaction of other between subjects factors with sex, but to remain consistent with previous 

analyses the data set was split by sex for further assessment. In males, there was no effect of 

age on gap crossing outcomes. There was a significant prenatal exposure × postnatal 

interaction (F 2,99 = 3.66, p=0.03) when data were collapsed across ages. Both CH and PF 

males successfully crossed gaps averaging 8-10 cm (Figure 3). In contrast, ET/NWC pups 

were significantly (p<0.001 vs. CH and PF) impaired, crossing gap distances that were on 

average 5-6 cm. The ET/WC group was the most impaired (p=0.038 vs ET/NWC); their 

mean gap distance (~4 cm) was shorter than all other groups. Whisker clipping only 

exacerbated gap crossing deficits in prenatal ethanol exposed rats, this effect was not seen in 

CH or PF animals. Falls were not statistically assessed as a dependent measure due to their 

rarity; the majority of males failed by timing out (i.e., not crossing within the allowed 120 

s). That said, a total of seven males fell off the platform during this study. The fall 

distribution was fairly evenly distributed with only the ET/NWC male not reporting a fall. 

The distribution for falls was: 1 ET/WC, 1 PF/WC, 2 PF/NWC (with 1 subject falling 

twice), 1 CH/WC, and 2 CH/NWC.

3.5.2 Gap crossing (females)—Females showed a significant prenatal × postnatal 

interaction × age interaction (F 2,104 =3.30 p=0.04). Post hoc breakdown of this interaction 

showed that groups prenatally exposed to ethanol crossed gaps significantly (p<0.001) 

shorter than either the CH or PF groups (ET 4-6 cm, CH and PF 9-10 cm; Figure 3). 

Whisker clipping further exacerbated the deficit in 28- but not 42-day-old ET-exposed 

females (p=0.031). There was no detectable effect of whisker clipping on the CH or PF 

groups at either age. Falling was a rare event for females. Only six females were reported as 

having fallen from the platform, with a fairly even distribution across groups: 1 ET/WC, 2 

ET/NWC, 1 PF/NWC, 1 CH/WC, and 1 CH/NWC, with the PF/WC females having no falls 

recorded.

3.6 Elevated plus maze

3.6.1 Elevated plus maze (males)—The 4-way ANOVA did not reveal either a main 

effect or interaction of other between subjects factors with sex, to remain consistent with 

previous analyses the data set was split by sex for further assessment. In the males, there 

was no effect of prenatal exposure or postnatal manipulation on the proportion of time spent 

in open vs. closed arms; all males showed a preference for the closed arms of the maze 

(Table 4). A main effect of prenatal treatment was found for the total distance traveled 
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(F 2,51 =3.52, p=0.04), with ethanol exposed rats traveling further in the elevated plus maze 

than the CH rats (p=0.021). PF rats were not significantly different to CH or ET. There were 

no between group differences on the speed of travel.

3.6.2 Elevated plus maze (females)—No effect of prenatal exposure was found 

regarding arm preference; females from all groups spent more time in the closed arms than 

in the open (Table 4). There was a main effect of postnatal whisker clipping on both distance 

traveled (F 1,50 = 4.35, p=0.04), and speed (F 1,50 = 4.22, p=0.05). Whisker clipping induced 

a modest hypo-activity in females regardless of age or prenatal exposure; WC rats traveled 

shorter distances (p=0.042) and moved more slowly (p=0.045) than their NWC counterparts.

4. DISCUSSION

Both prenatal exposure to ethanol and postnatal whisker clipping affected social behavior 

and gap crossing. These effects were apparent despite a lack of effect of either manipulation 

on whisker length or anxiety measures. Outcomes were age- and/or sex-dependent.

4.1 Ethanol effect

Rats exposed to ethanol during the prenatal period showed an overall decrease in play 

fighting and distance crossed on GC task (somatosensory performance) regardless of sex or 

age at testing. In contrast, chasing and social motivation showed age- and sex-dependent 

outcomes. Prenatal exposure to ethanol has a bidirectional effect on chasing with an increase 

in this behavior in 28-day-old females and a decrease in 42-day-old males. Motivation for 

social interaction, on the other hand, was only decreased in 42-day-old ET females.

Other reports of social interaction following prenatal and early postnatal ethanol exposure 

are varied. At least some of this variability in outcome is likely due to differences in 

exposure methodology (i.e. dose, timing, and duration of the ethanol exposure as well as 

differences in social interaction testing and dependent measures [2, 4, 9, 10, 59]. For 

instance, adolescent animals prenatally exposed to an acute dose of ethanol on G7 showed 

decreased social interactions (playing fighting and social motivation) [9], changing the 

timing of exposure to G12 decreased playing fighting in males only and decreased social 

motivation in males and females [9]. Methodological differences in the dose and duration of 

ethanol exposure also alters social outcomes during adolescence and into adulthood. 

Interestingly, increased frequency in measures of play interactions were reported both by 

Royalty [10] and Hamilton et al. [58] after prenatal exposure to a low dose and by Kelly et 

al. [2, 58] after exposure to a higher dose during the prenatal and early neonatal period. 

Thus, timing, dose, and duration of the ethanol exposure define the way in which ethanol 

disrupts social interaction during adolescence.

Meyer and Riley as well as Kelly and Dillingham have both reported ethanol-induced 

sexually dimorphic effects in play interaction [4, 59]. A similar effect was seen in the 

current study within the chasing measure; this was increased in 28-day-old females but 

decreased in 42-day-old males. Similar sexually dimorphic effects were also present in the 

social motivation measure such that older females but not males displayed ethanol-induced 

social avoidance in the older cohorts. The reason(s) for these sexually dimorphic changes is 
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unclear, but it is possible that these behavioral patterns may be related to females reaching 

hormonal and physical markers of puberty prior to males [60]. Prenatal ethanol exposure 

may shift the onset of these developmental stages and thereby alter sex-hormones and brain 

development [61, 62].

As predicted by our hypothesis, prenatal ethanol exposure also impaired performance on the 

gap crossing task. The initial gaps are short and therefore can likely be seen by the animals, 

and/or felt with the paw or nose. With increasing gap distance, the animal is forced to use 

the mystacial vibrissae (long whiskers on the snout) to feel where the escape platform is. 

There was no decrease in whisker length in ET animals suggesting that failure to cross the 

gap was not because their whiskers were not long enough to feel the gap. ET animals also 

showed no evidence of anxiety in the elevated plus maze suggesting that they do not fail to 

cross the gap due to anxiety. Taken together with other reports of prenatal ethanol-induced 

impairments of sensory detection and processing [2, 63], our data shows a functional 

outcome of the prenatal ethanol exposure-induced disruption of somatosensory structure and 

function.

4.2 Whisker clip effect

Unilateral whisker clipping alone had relatively little effect on social behavior; it reduced 

sniffing in males and in 28-day-old females but did not alter any other social behaviors. 

Whisker clipping also had an effect on locomotor activity in females; WC offspring of CH 

dams were mildly hypoactive during habituation to the social interaction test box, and all 

WC females were hyperactive in the elevated plus maze relative to NWC animals. The 

reasons for these mixed changes in activity in the female offspring are unclear.

Intriguingly, whisker-clipping had no effect on gap crossing outcomes in control animals. 

These behavioral findings are contrary to those reported by Lee et al. [38] who report 

increased social interactions (including sniffing) and activity as well as impaired gap 

crossing performance. Those animals were whisker-clipped bilaterally each day during the 

first 3 days of life, resulting in bilateral reduction in sensory input during this time. The 

intermittent and unilateral nature of the clipping in the current study would allow for more 

sensory stimulation, albeit abnormal, which may contribute to the differences in outcome 

between the two studies.

4.3 Ethanol × whisker clip interaction effect

In animals that were prenatally exposed to ethanol, whisker clipping further exacerbated 

ethanol-induced deficits in both play fighting and in the gap crossing task. This was seen at 

both ages in males, but in the females only the younger cohort showed an exacerbation of 

ethanol-induced deficits by whisker clipping. Thus, prenatal ethanol exposure appears to 

increase vulnerability to mild sensory impoverishment, which could be indicative of 

potentiated disorganization/dysfunction within the somatosensory system.

This apparent increase in vulnerability to mild sensory impoverishment in ethanol-exposed 

animals is somewhat similar to the increased vulnerability to chronic mild stress seen after 

prenatal ethanol exposure [64-67] and to mild hypoxic events following exposure to ethanol 

during the first neonatal week of life [68]. In all of these cases mild manipulations that do 
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not cause significant effects in control animals alter outcomes in ET animals to a magnitude 

not anticipated by simple cumulative effects suggesting that programming during early 

development is a major factor in late life outcomes.

In our study, males appear to have a persistent sensitivity to the combined the insult of 

prenatal ethanol and mild early sensory impoverishment as evidenced in the social 

interaction and gap crossing performance of the older cohort. This may be due to sex 

dependent factors that make the male brain either preferentially vulnerable to ethanol-

induced damage or lacking some factor that allows female offspring to recover. This is in 

line with published reports showing prenatal ethanol can have more of a negative effect on 

males compared to females in several brain and behavioral outcomes. A reduction in long 

term potentiation in the dentate gyrus of the hippocampus, reduced c-fos activation in the 

nucleus accumbens [2, 67, 68], and increased corticotropin-releasing factor in the 

paraventricular nucleus of the hypothalamus [69] were present in adolescent males 

following prenatal ethanol, but not females. Such effects of prenatal alcohol on the brain 

may contribute to some of the ethanol-induced sex-dependant behavioral deficits [53-56]. 

Further studies examining fetal ethanol's effects in other brain regions should make a point 

to avoid the experimental bias of disregarding sex as a viable and important independent 

variable in order to better understand the differences between the two sexes.

4.4 Age effect

In general, social play measures tend to increase in frequency from P18 to peak around 

P30-40, waning thereafter as they approach adulthood (~P50-60) [69]. The female social 

play data from the current study appears to follow this pattern with the younger P28 females 

engaged in more social interactive activities than older females. However, the male social 

play results show a consistent plateau, suggesting that they may have reached their peak at 

P28 and have not yet begun their decline at P42. This would follow the pattern of males 

taking longer to reach maturity landmarks in relation to female offspring [60], however, 

recent work by Hamilton et al. [70] shows persistence of fetal ethanol-induced deficits well 

into adulthood in male offspring. Thus, although females do tend to mature faster than 

males, maturation may not be enough to explain the persistence of the behavioral deficits in 

the male offspring.

5. Conclusion

In conclusion, chronic prenatal ethanol exposure has a negative effect on social interaction 

and somatosensory performance during adolescence, and sensory impoverishment worsens 

these outcomes in ethanol-exposed animals while only having subtle effects in control 

animals. It should also be noted that although the sensory impoverishment applied in this 

experiment is occurring during a period of brain development which is roughly congruent 

with the human 3rd trimester development [71], this does not unequivocally negate the 

potential application of these findings regarding human neonate development. Firstly, brain 

development in premature infants would fall into the 3rd trimester developmental period. 

Often these children are isolated within isolettes with limited tactile or abnormal tactile 

stimulation. Secondly, there are some reports that prenatal exposure to ethanol may be 

Wellmann and Mooney Page 12

Physiol Behav. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



correlated with prematurity [72, 73], although other studies refute this [74]. Finally, there is 

evidence that somatosensory functional connectivity (i.e. dendritic remodeling and 

maintenance) is activity/stimuli dependent and particularly active during neonatal 

development with refinement ongoing into adolescence [75, 76], suggesting that this 

developmental window may be more extensive in humans.

Taken together, these findings stress the importance of somatosensory function on normal 

social development. These findings also suggest that therapies that manipulate the structure 

and/or function of the somatosensory system may improve social outcomes and 

somatosensory performance in fetal alcohol populations.
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Highlights

1) Prenatal ethanol exposure impairs social interaction and somatosensory 

performance.

2) Neonatal sensory impoverishment potentiates prenatal ethanol-induced 

behavior deficits.

3) Interactions of ethanol- and impoverishment-induced deficits are age and 

sex-dependent.

4) Somatosensory function plays an important role in normal social 

development.

5) Enhancement of somatosensory development may improve fetal alcohol 

outcomes.
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Figure 1. Social Interaction (SI): Play Fighting and SI Motivation
Effects of ET and WC on play fighting and SI motivation in male (left) and female (right) 

offspring tested during pre-adolescence (P28) or mid-adolescence (P42). Bars depict group 

mean and T bars the standard error of the mean. N ranged from 8-12 per sex per treatment 

group.

A) ET groups showed reduced play fighting compared to PF or CH groups regardless of age 

or sex (  p<0.05). ET/WC males played less than ET/NWC males (^ p<0.05). At P28 

ET/WC females also showed decreased play compared to ET/NWC females (^ p<0.05). 

Overall, females engaged in more play at P28 than at P42 (  p<0.05).

B) The ET/NWC female were less motivated to engage in social interaction at P42 than 

either the CH/NWC (  p<0.05) or the ET/WC females (^ p<0.05).
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Figure 2. SI: Sniffing and Chasing
Effects of ET and WC on sniffing and chasing in male (left) and female (right) offspring 

tested during pre-adolescence (P28) or mid-adolescence (P42). Bars depict group mean and 

T bars the standard error of the mean. N ranged from 8-12 per sex per treatment group.

A) At both ages, WC males sniffed less than NWC males (^ p<0.05). 28-day-old WC 

females also showed decreased sniffing compared to NWC females at the same age (^ 

p<0.05).

B) ET males chased their partners less at P42 than either the CH or PF males (  p<0.05). 

In contrast, the 28-day-old ET females chased their partners more than CH or PF controls 

(  p<0.05); ET/WC females chased more than the ET/NWC females (^ p<0.05).
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Figure 3. Gap Crossing
Effects of ET and WC on gap crossing distances for males (left) and females (right) tested 

during pre-adolescence (P28) or mid-adolescence (P42). ET-exposed males crossed smaller 

gaps than CH and PF controls at both ages (  p<0.05); neonatal WC further impaired 

performance in ET but not PF or CH males (^ p<0.05). ET-exposed females also crossed 

shorter distances than CH and PF females (  p<0.05). 28-day-old ET/WC females were 

more impaired compared to ET/NWC females (^ p<0.05). Bars depict group mean and T 

bars the standard error of the mean. N ranged from 8-12 per group.
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Wellmann and Mooney Page 22

Table 1

Mean dam and litter outcomes ± S.E.M.

Prenatal # dams Dam wt gain (g/day) Litter ratio (% male) Prenatal exposure

CH 17 6.21 ± 0.42 45.21 ± 3.57 5.91 ± 0.14

PF 18 7.11 ± 0.37 47.70 ± 3.97 5.89 ± 0.18

ET 19 6.27 ± 0.29 51.47 ± 4.98 5.63 ± 0.16
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Table 2

Mean group whisker lengths (mm) ± S.E.M.

Prenatal exposure Sex C1 C2 C3 C4 C5

CH

NWC M 1.10 ± 0.05 1.70 ± 0.11 2.64 ± 0.10 3.96 ± 0.14 4.82 ± 0.24

WC M 1.25 ± 0.09 2.05 ± 0.10 2.83 ± 0.13 3.65 ± 0.15 4.68 ± 0.01

PF

NWC M 1.24 ± 0.05 2.01 ± 0.15 2.93 ± 0.16 3.87 ± 0.18 4.62 ± 0.24

WC M 1.31 ± 0.11 2.02 ± 0.10 3.02 ± 0.09 4.03 ± 0.18 5.02 ± 0.22

ET

NWC M
1.33 ± 0.09

* 1.95 ± 0.16 3.07 ± 0.12 3.77 ± 0.21 4.82 ± 0.14

WC M
1.37 ± 0.07

* 1.98 ± 0.04 2.78 ± 0.14 3.70 ± 0.10 4.72 ± 0.06

CH

NWC F 1.10 ± 0.07 1.82 ± 0.16 2.78 ± 0.05 3.94 ± 0.14 4.78 ± 0.22

WC F 1.22 ± 0.10 1.98 ± 0.11 2.79 ± 0.14 3.67 ± 0.19 4.62 ± 0.10

PF

NWC F 1.24 ± 0.06 1.98 ± 0.13 3.00 ± 0.18 3.96 ± 0.20 4.56 ± 0.23

WC F 1.30 ± 0.10 1.98 ± 0.11 3.08 ± 0.11 4.14 ± 0.19 5.04 ± 0.17

ET

NWC F
1.28 ± 0.07

* 1.97 ± 0.16 3.10 ± 0.11 3.80 ± 0.22 4.78 ± 0.13

WC F
1.36 ± 0.05

* 1.97 ± 0.04 2.80 ± 0.13 3.72 ± 0.11 4.68 ± 0.07

The C1 whiskers of rats prenatally exposed to ethanol were longer than those of CH-fed offspring

*
p < 0.05.
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Table 3

Mean group locomotor activity during habituation and quadrant crosses (QC) during social interaction ± 

S.E.M.

Prenatal exposure Sex P28 Distance P28 SPEED P28QC P42 distance
❖

P42 speed
❖ P42 QC

CH

NWC M 15.78 ± 2.68 0.026 ± 0.012 28.25 ± 5.90 16.97 ± 2.51 0.0392 ± 0.012 31.88 ± 5.90

WC M 16.64 ± 2.14 0.027 ± 0.010 31.91 ± 5.04 19.04 ± 2.14 0.0465 ± 0.010 28.30 ± 5.28

PF

NWC M 14.38 ± 1.90 0.024 ± 0.009 30.10 ± 5.28 21.67 ± 2.37 0.0391 ± 0.011 23.50 ± 5.91

WC M 14.62 ± 1.90 0.024 ± 0.009 29.18 ± 5.04 17.01 ± 2.24 0.0472 ± 0.011 28.56 ± 5.57

ET

NWC M 13.83 ± 2.37 0.023 ± 0.011 29.30 ± 5.29 17.52 ± 2.90 0.0299 ± 0.014 33.86 ± 6.31

WC M 14.69 ± 2.05 0.024 ± 0.010 37.73 ± 5.03 20.52 ± 2.51 0.0464 ± 0.012 34.38 ± 5.90

CH

NWC F 26.62 ± 2.60 0.025 ± 0.011 27.56 ± 4.95 28.11 ± 2.46 0.023 ± 0.008 29.33 ± 4.95

WC F
18.85 ± 1.97

^ 0.023 ± 0.008 30.97 ± 4.28
21.80 ± 2.33

^ 0.040 ± 0.010 27.00 ± 4.69

PF

NWC F 20.50 ± 2.61 0.021 ± 0.011 29.89 ± 4.95 21.45 ± 2.46 0.048 ± 0.011 33.22 ± 4.96

WC F 21.70 ± 2.05 0.024 ± 0.008 32.82 ± 4.47 25.20 ± 2.34 0.047 ± 0.010 32.80 ± 4.69

ET

NWC F 25.90 ± 2.33 0.028 ± 0.009 31.90 ± 4.69 22.13 ± 2.60 0.059 ± 0.011 25.50 ± 5.25

WC F 21.23 ± 2.05 0.026 ± 0.009 31.85 ± 4.12 24.22 ± 2.45 0.042 ± 0.011 35.67 ± 4.95

In both sexes, habituation locomotor activity (both speed and distance) was increased in the older rats when compared to the activity of the younger 
offspring (P28) as denoted by

N ranged 8-12 per sex per treatment group.

❖
p value of <0.05. CH/WC females traveled less distance than CH/NWC females, this effect was not present in either the PF- or ET-fed females

^
p < 0.05.
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Table 4

Mean group elevated plus maze outcomes ± S.E.M.

Prenatal exposure Sex O-arm preference ratio (O-C/T) Distance (m) Speed (m/s)

CH

NWC M –0.483 ± 0.172 19.06 ± 2.55 0.032 ± 0.004

WC M –0.452 ± 0.162 17.60 ± 2.41 0.029 ± 0.004

PF

NWC M –0.449 ± 0.140 20.93 ± 2.08 0.034 ± 0.004

WC M –0.445 ± 0.154 17.18 ± 2.28 0.029 ± 0.004

ET

NWC M –0.586 ± 0.162
24.07 ± 2.41

* 0.034 ± 0.004

WC M –0.492 ± 0.162
24.28 ± 2.41

* 0.031 ± 0.004

CH

NWC F –0.492 ± 0.162 24.28 ± 2.41 0.031 ± 0.004

WC F –0.351 ± 0.179
20.00 ± 2.92

^
0.033 ± 0.004

^

PF

NWC F –0.385 ± 0.189 26.99 ± 3.08 0.044 ± 0.005

WC F –0.200 ± 0.179
24.74 ± 2.92

^
0.024 ± 0.004

^

ET

NWC F –0.290 ± 0.179 22.64 ± 2.92 0.038 ± 0.004

WC F –0.385 ± 0.179
21.21 ± 2.92

^
0.035 ± 0.004

^

ET males traveled further distances than CH males

WC females traveled shorter distances and slower than NWC females while in the elevated plus maze

N ranged from 8 to 11 per sex per treatment group.

*
p < 0.05.

^
p < 0.05.
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