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Abstract

Epidemiological studies have demonstrated that heavy drinking and alcohol abuse and dependence

peak during the transition between late adolescence and early adulthood. Studies in animal models

have demonstrated that alcohol exposure during adolescence can cause a modification in some

aspects of behavioral development, causing the “adolescent phenotype” to be retained into

adulthood. However, the “adolescent phenotype” has not been studied for a number of behavioral

tests. The objective of the present study was to investigate the ontogeny of behaviors over

adolescence/young adulthood in the light/dark box, open field conflict and forced swim test in

male Wistar rats. These data were compared to previously published data from rats that received

intermittent alcohol vapor exposure during adolescence (AIE) to test whether they retained the

“adolescent phenotype” in these behavioral tests. Three age groups of rats were tested (post-natal

day (PD) 34–42; PD55-63; PD69-77). In the light/dark box test, younger rats escaped the light box

faster than older adults, whereas AIE rats returned to the light box faster and exhibited more rears

in the light than controls. In the open field conflict test, both younger and AIE rats had shorter

times to first enter the center, spent more time in the center of the field, were closer to the food,

and consumed more food than controls. In the forced swim test no clear developmental pattern

emerged. The results of the light/dark box and the forced swim test do not support the hypothesis

that adolescent ethanol vapor exposure can “lock-in” all adolescent phenotypes. However, data

from the open field conflict test suggest that the adolescent and the AIE rats both engaged in more

“disinhibited” and food motivated behaviors. These data suggest that, in some behavioral tests,

AIE may result in a similar form of behavioral disinhibition to what is seen in adolescence.
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1. Introduction

Adolescence is a period between childhood and adulthood that is defined both behaviorally

and biologically, and has been suggested to encompass almost the entire second decade of

life (10–20 yrs) (Spear, 2000). It has been suggested that during this time individuals learn

to function more independently, and fluency in emotional and social functioning is acquired

(Dahl and Spear, 2004). While adolescence is usually defined by a series of endocrine

events resulting in puberty, it actually involves changes in a number of organ systems

including the brain that may occur in a separate time frame from endocrine events (Spear

and Varlinskaya, 2010). During this developmental period there are changes in

neurobiological organization and behavior that appear to be generally conserved during

evolution with similarities seen across a number of mammalian species. In the rat it has been

suggested, as a conservative estimate, that the adolescent period may span post-natal days

28–42 (Ojeda and Skinner, 2006; Spear and Brake, 1983; Varlinskaya et al., 1999).

However depending on gender and the measures used to define adolescence, peri-

adolescence may be seen as early as post-natal day (PD) 22 in females, and it may last until

PD55 in males (Spear, 2000).

Adolescence is also a critical stage of brain development when humans initiate a range of

exploratory behaviors that can result in exposure to ethanol and other drugs of abuse (Clark

et al., 2008; Squeglia et al., 2009a). Since the brain continues to develop throughout the

adolescent period into early adulthood (Markus and Petit, 1987; Sowell et al., 1999a,b),

ethanol exposure during this time period may have unique and deleterious consequences

including changes in disinhibitory, cognitive, and affectively driven behaviors. Several

studies in humans have demonstrated that early alcohol exposure is associated with

neurobehavioral deficits as measured by magnetic resonance imaging (MRI) scans and

psychological testing (Hanson et al., 2011; McQueeny et al., 2009; Schweinsburg et al.,

2011; Squeglia et al., 2009b). However, it is still not entirely clear whether these deficits are

caused by alcohol exposure or are a result of pre-existing conditions (Nagel et al., 2005).

The use of animal models of adolescent alcohol exposure allows for the testing of the direct

effects of alcohol on the developing brain under more controlled conditions.

Exposure to chronic intermittent ethanol (CIE) during adolescence in rats has been

demonstrated to cause a number of changes in brain and behavior that persist into adulthood.

It has been demonstrated that chronic intermittent exposure to ethanol vapor during

adolescence (14 hours exposure/10 hours no exposure, daily, over a 5-week period) can

cause: increases in voluntary ethanol drinking, reductions in the size of the hippocampus as

imaged by diffusion tensor imaging, reductions in measures of hippocampal neurogenesis,

increases in the latency of the P300 component of the event-related potential, signs of

behavioral disinhibition in the light/dark box and open field conflict test, immobility in the

forced swim test, and reductions in cholinergic tone in the basal forebrain (see Criado and

Ehlers, 2013; Ehlers et al., 2011, 2013a,b, 2014).

Studies in animal models have also shown that adolescent rats are less sensitive than adult

rats to the effects of acute alcohol administration on hypothermia, motor in-coordination,

sedation, as well as electrophysiological effects (Pian et al., 2008a; Silveri and Spear, 1998,
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2000). Adolescent rats display greater tolerance to the sedative effects of acute ethanol

administration than adult rats, and regain consciousness at higher blood alcohol levels (Pian

et al., 2008b; Silveri and Spear, 1998). For adult rats exposed to CIE during adolescence, the

adolescent phenotype of reduced sensitivity to ethanol has been shown to be “retained” in

behavioral measures (Slawecki, 2002; White et al., 2000 a,b), electrophysiological measures

in the hippocampus (Fleming et al., 2012, 2013; Slawecki, 2002), and in the cortex (Ehlers

et al., 2013c, 2014; Slawecki, 2002). Some authors have suggested that adolescent ethanol

exposure may “lock-in” adolescent sensitivity to ethanol and then sustain it into adulthood

(Fleming et al., 2012). However, whether adolescent alcohol exposure “locks-in” the

adolescent phenotype of other behaviors is not as well understood.

The present study investigated whether adolescent intermittent ethanol (AIE) could “lock-

in” the adolescent phenotype in behaviors using three different test apparatus: the open field

conflict, the light/dark box and the forced swim test. Data on the normal ontogenic

development of behaviors in these tests over the course of adolescence and adulthood is

sparse. Therefore we examined whether adolescent Wistar rats at different ages would

display more or less “anxiety-like” and “depressive-like” behaviors in these tests as

compared to adult rats. We examined three age groups of rats ranging from middle

adolescence to early adulthood to determine the normal ontogenic responses in adolescence

(group 1: PD34-42; group 2: PD55-63; group 3: PD69-77). We compared these groups to

previously published data from control adult rats and adult rats that underwent AIE as

adolescents and were tested in the behavioral apparatuses between PD70 to PD126. It was

our hypothesis that adult rodents with ethanol exposure during adolescence may exhibit a

behavioral profile that is more reminiscent of an adolescent animal rather than an adult.

2. Methods

2.1. Animals

The animals used in this study were male Wistar rats that were received and weaned at post-

natal day (PD) 21 (n = 144 juveniles, Charles River, USA). On PD22 the adolescent animals

were housed three per cage in standard plastic cages until PD63 to PD70, and then they were

pair-housed for the rest of the experiment. Animals were kept in a light/dark (12 hrs light/12

hrs dark, lights on at 6:00am or 8:00am) and temperature-controlled environment. Food and

water were available ad libitum throughout the experiment, except where noted. All

experimental protocols were approved by the Institutional Animal Care and Use Committee

at The Scripps Research Institute and were consistent with the guidelines of the NIH Guide

for the Care and Use of Laboratory Animals (NIH Publication No. 80-23, revised 1996).

Three age groups of rats (group 1: PD34-42 (n = 15); group 2: PD55-63 (n = 15); group 3:

PD69-77 (n = 18)) were run in three different behavioral paradigms (light/dark box, open

field conflict and forced swim test) as described below. These data were then compared to

previously published behavioral data (Ehlers et al., 2011, 2013a,b) on adult rats (PD70-107)

that were exposed to 5 weeks of ethanol vapor or control (air) conditions during

adolescence.
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2.2. Light/Dark Box

The methodology used to test animals in the light/dark box has been described previously

(see Ehlers et al., 2013a; Slawecki, 2005). Rats were tested at three different ages (group 1:

PD34 (weight = 127.8 ± 2.2g); group 2: PD55 (weight = 303.8 ± 5.4g) group 3: PD69

(weight = 386.9 ± 7.3g)) and were compared to AIE rats (weight = 506.0 ± 10.8g) and their

controls (542.1 ± 10.3g) at PD106-107. The apparatus consisted of two 34cm × 24cm ×

24cm chambers joined together length-wise. Between the two chambers was an 8cm × 8cm

square hole that the rat could use to move between chambers. One chamber was black and

covered with a black lid (i.e. the dark box), while the other chamber was white, left

uncovered, and had a 60 lux light shining on it (i.e. the light box). The light was located

approximately 120cm above the apparatus and there was no appreciable illumination within

the dark box (i.e. < 2 lux). During the test, an individual rat was placed in the center of the

light box, facing 180 degrees away from the square hole connecting the two chambers, and

was allowed to freely explore both chambers for a period of five minutes. Behaviors on the

light side were recorded for later analysis. Both chambers were cleaned between sessions

with a 3% acetic acid (vinegar) solution and then with water. Behaviors being analyzed

include the latency time for entering the dark box, the number of rears in the light box, and

the latency time for re-entering the light box. The comparative results of AIE on behavior in

the light/dark box have been previously published (Ehlers et al., 2011, 2013a).

2.3. Open Field Conflict Test

Assessment of anxiety-like behavior/disinhibition was accomplished in the modified open

field for three adolescent/early adult groups (group 1: PD38 (weight = 131.8 ± 2.3g); group

2: PD59 (weight = 291.3 ± 5.2g); group 3: PD73 (weight = 369.3 ± 7.2g)) and were

compared to AIE rats (weight = 450.0 ± 11.0g) and their controls (weight = 496.8 ± 9.5g) at

PD105-106. This procedure has been demonstrated previously in our lab to be highly

sensitive to periadolescent drug exposure (Ehlers et al., 2012; Slawecki et al., 2003). The

description of the test apparatus as well as the comparative results of vapor exposure on their

behavior has been previously published (Ehlers et al., 2011, 2013b). Rats were placed for

five minutes in a modified open field with a 3×3 grid pattern in a 122cm × 122cm × 46cm

box. The center grid square was lighted (100 lux) and a single 5 gram food pellet was placed

in a plastic holder in the center. This test provided an assessment of anxiety (approaching or

retreating from the light) and disinhibition (overall movement towards the middle center) in

the context of a motivator (the food pellet in the light), thus producing a behavioral conflict

situation.

To start each test, the rat was positioned away from the light and food, head facing the left

bottom corner. The light was located above the center of the apparatus. To ensure that the

food pellet was a strong motivator, the animals were food deprived for 24 hours prior and

the pellet was coated with peanut butter (Jif brand, creamy). To prevent the possibility that

the food would be considered a novelty during the test, the animals were exposed to food

pellets coated in peanut butter one week prior to testing. Each food pellet with peanut butter

was weighed before and after the experiment to assess how much the rat had eaten. Between

subjects the apparatus was cleaned with a 3% acetic acid (vinegar) solution then water, and a

new food pellet was placed in the holder. Animals were videotaped on a low light sensitive
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camera with a 3-watt infrared light and the videos were later analyzed with ANY-maze

Video Tracking System (version 4.84, Wood Date, IL: Stoelting Co.). The latency to first

entry into the middle center square, total time in the middle center, mean distance from food

pellet, and total food eaten were assessed.

2.4. Forced Swim Test

Immobility in the forced swim test has been demonstrated to be enhanced in animals that

experience periadolescent alcohol vapor exposure (Ehlers et al., 2011; Slawecki et al., 2004)

as well as adults exposed to ethanol vapors (Walker et al., 2010). Three adolescent/early

adulthood groups were assessed (group 1: PD42 (weight = 183.7 ± 3.3g), group 2: PD63

(weight = 339.9 ± 6.1g), and group 3: PD77 (weight = 410.3 ± 8.1g) and were compared to

AIE rats (weight = 353.5 ± 6.8g) and their controls (weight = 370.5 ± 8.5g) at PD70. The

apparatus used for this test was a white plastic tub (diameter = 34cm, height = 66cm) filled

to a height of 48cm of water at a temperature of 24–26 degrees Celsius. A light was placed

above the apparatus and the water surface registered a light reading of 60 lux. A video

camera was set up above to observe the entire surface of water and the edges of the

apparatus. Two swim sessions were conducted on two consecutive days. On the first day,

sessions were ten minutes and no behaviors were recorded. On the second day, sessions

were five minutes and the behaviors were videotaped. Two researchers later analyzed the

video independently and there was less than a 10% deviation between scorers on all

parameters that were evaluated. The behaviors that were measured during the five minute

test session consisted of number of sinks, total immobile time, time to first immobile

episode, and wall climbing time.

2.5. Ethanol Vapor Exposure

Data from previously published studies evaluating the effect of adolescent ethanol exposure

on behavior for the three different tests (light/dark box, open field conflict, and forced swim

test) were compared to the data collected in the present study at the three different time

points over adolescence/young adulthood. The ethanol vapor inhalation procedure used in

those studies has been previously described (Ehlers et al., 2011). In brief, 96 adolescent rats

were randomly assigned to a control group (n = 38) or vapor exposed group (n = 58). The

vapor group was housed in sealed chambers and received vaporized 95% ethanol in air for

five weeks. Ethanol vapor infusion began at the start of the rodent’s dark cycle (6 or 8pm)

and ended 14 hours later (8 or 10am). For the remaining 10 hours, ethanol vapor was not

infused into the chambers. Control rats were in similar cages but were exposed to ambient

air, and were handled identically to ethanol-exposed rats. All rats started the exposure when

they were 22 days old and continued it until they were 57 days old. The chambers were

calibrated to produce high to moderate blood alcohol levels (BALs) between 150–225

mg/dL (BAL grand average = 157.5 ± 4.2 mg/dL). Tail tip bleeds were administered at least

once a week. BALs were determined using the Analox micro-statGM7 (Analox Instr. Ltd.,

Lunenberg, MA). The control rats also had blood removed from their tails at the same time

points. Following the 5 week exposure, the animals were transferred to standard vivarium

cages for the duration of the study. Body weights and blood ethanol concentrations before,

during, and after ethanol exposure have been previously published (Ehlers et al., 2011).

Ethanol and control exposed rats were run in: (1) the light/dark box (22 AIE, 16 controls) on
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PD106-107, 49–50 days post ethanol/air exposure, (2) the open field conflict (12 AIE, 10

controls) on PD105-106, 48–49 days post ethanol/air exposure, and (3) the forced swim test

(24 AIE, 12 controls) on PD70, 13 days post ethanol/air exposure.

2.6. Statistical Analysis

The first aim of the study was to determine if the three ontogenic groups and adult controls

differed on their responses to the behavioral tests. The second aim was to test whether AIE

exposure produced responses suggestive of a “retention” of the adolescent phenotype as

compared to controls. To test these aims, analysis of variance (ANOVA) was carried out

using the statistical program SPSS (version 15.0, Chicago, IL: SPSS Inc.). If the ANOVA

was significant (p < 0.05), it was followed by Dunnett’s pairwise 2-tailed t-test, a planned

comparison that served as a post hoc against a reference group. For the post hocs, the adult

controls for the alcohol vapor group were used as the reference group against the three

ontogenic groups. The weights between the AIE and control rats differed in the open field

conflict test, but not in the other two behavioral tests. The previously published AIE and

control rat data controlled for body weight (univariate ANOVA, co-varied for body weight)

in the open field conflict test (Ehlers et al., 2013b). All means are reported as mean ±

standard error.

3. Results

3.1. Light/Dark Box

Behavior in the light/dark box was assessed in three groups of animals: group 1: post-natal

day (PD) 34; group 2: PD55; group 3: PD69 and the results are presented in Table 1. Two

different data analyses were conducted to determine if there was: (1) an ontogenic effect

between young animals and older adults and (2) an effect due to AIE exposure.

When comparing the three ontogenic adolescent/young adult groups directly with the older

adults, younger animals differed from older animals in the amount of time they spent

initially in the light box before entering the dark box. An age effect was observed (F = 4.24,

df = 3,55, p < 0.0092). Post hoc analyses of the data revealed that the youngest adolescent

rats at post-natal age 34 (group 1, mean = 27.6 ± 8.3s) had significantly shorter latencies for

entering the dark box than older adults at post-natal age 106–107 (mean = 74.9 ± 12.1s, p <

0.025). No significances were detected for the ontogenic groups with the latency back to the

light box or the rears displayed in the light box.

A comparison of the behavior of AIE exposed rats to controls in the light/dark box has been

reported previously (Ehlers et al., 2013a). AIE exposed rats spent a significantly shorter time

in the dark box before returning to the light box and they exhibited more rears while in the

light box. However, there was no significant effect of ethanol vapor for the latency to enter

the dark box.

3.2. Open Field Conflict Test

Behavior in the modified open field conflict test was assessed for the ontogenic groups

(group 1: PD38; group 2: PD59; group 3: PD73), and for the control and AIE exposed group
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at PD105-106. The data was co-varied by body weight and the reported means were

unadjusted.

A comparison of the three younger ontogenic groups and the older adults was conducted in

order to determine if behaviors in this apparatus change over adolescent/young adult

development. Shorter times to the first entry into the center square were observed for all the

younger groups (means = 28.44 – 42.47s) as compared to the older adults (mean = 121.47 ±

21.1s) (F = 15.89, df = 3,53, p < 0.001; post hocs: all p’s < 0.001; Fig.1A). All three of the

younger animal groups (means = 69.95 – 117.07s) spent more time in the middle center

square than older adults (mean = 25.13 ± 4.7s) (F = 18.18, df = 3,53, p < 0.001; post hocs:

all p’s < 0.002; Fig.1B). Younger animals also exhibited more motivated behaviors towards

the food pellet than the older adults. All younger animals (means = 0.33 – 0.40m) stayed, on

average, closer to the food than older adults (mean = 0.48 ± 0.01m) (F = 12.77, df = 3,53, p

< 0.001; post hocs: all p’s < 0.003; Fig.1C). The food eaten during the experiment was much

higher for all three younger groups (means = 0.59 – 0.94g) as compared to the older adults

(mean = 0.05 ± 0.03g) (F = 10.55, df = 3,54, p < 0.001; post hocs: all p’s < 0.005; Fig.1D).

A comparison of the behavior of AIE exposed rats to controls in the open field conflict, co-

varied for body weight, has been reported previously (Ehlers et al., 2013b). AIE exposed

rats: first entered the center square faster, spent more time in the center square, ate more

food, and were a shorter mean distance from the food square than the control group. This

suggests that ethanol exposure resulted in more disinhibition-type and food-motivated

behaviors in the open field conflict test not unlike what was observed for adolescents.

3.3. Forced Swim Test

The forced swim test was conducted in the ontogenic groups (group 1: PD42; group 2:

PD63; group 3: PD77) and for the AIE exposed and control adult groups at PD70. These

data are presented in Table 2.

No clear developmental pattern could be determined in the observed behaviors in the forced

swim test. Significant differences between the ontogenic groups and the adult controls did

occur for the two immobility measures and for the number of sinks but they were not

associated with the age of the animal. Time to first instance of immobility was significantly

faster for all three ontogenic groups (means = 56.93 – 86.47s) than the adult controls (mean

= 145.42 ± 20.6s) (F = 5.62, df = 3,56, p < 0.002; post hoc: all p’s < 0.025). Controls rats at

PD70 also had a higher number of sinks (mean = 3.42 ± 1.4) than the three ontogenic groups

(means = 0.00 – 0.72) (F = 5.04, df = 3,56, p < 0.004; post hoc: p < 0.015). A weak

significance was observed for total immobile time (F = 2.87, df = 3,56, p < 0.05). The post

hoc analyses revealed that group 2 rats at PD63 (mean = 162.97 ± 16.2s) spent more time

being immobile than the adult controls at PD70 (mean = 101.92 ± 18.1s) (post hoc: p <

0.05). No significances were observed in the amount of time spent climbing the walls.

Immobility measures (time to immobility and total immobility), number of sinks, and wall

climbing time were also examined in the AIE exposed adults and their controls and these

comparative results have been published in a previous paper (Ehlers et al., 2011). Those

analyses showed that the AIE exposed animals had more episodes of immobility and/or
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number of sinkings than controls, and were significantly more likely to defecate during the

test session.

4. Discussion

This study evaluated whether there were ontogenic differences in behavior in three

behavioral testing apparatuses the light/dark, the open field conflict test, and the forced

swim test. These data were then compared to previous data collected from adult rats with a

history of ethanol exposure during adolescence, and their controls, in order to determine

whether alcohol exposure caused retention of the “adolescent phenotype”. In behavioral

circumstances involving disinhibition or food motivated behavior, the AIE exposed rats

displayed some behaviors that resembled their adolescent counterparts.

The light/dark box is based on the innate aversion that rodents have of brightly illuminated

areas and on the spontaneous exploratory behavior of rodents in response to mild stressors

(Bourin and Hascoet, 2003; Ramos, 2008). Adolescent rats were found to move more

quickly out of the light box and into the dark box. This decrease in latency to enter the dark

may represent an overall increase in locomotion in the face of novelty or it could be

interpreted as a measure consistent with increased caution or “anxiety-like” behaviors

(Bourin and Hascoet, 2003; Ramos, 2008). If the decreased latency to enter the dark box

was a result of overall hyperactivity then other measures of locomotion would be predicted

to also be increased in this test. However, when compared to the older adults, no differences

for the adolescent groups emerged in the latency to return to the light box or rears in the

light. The finding in the present study that adolescent rats may be more “anxious” or

“stressed” in the light is supported by a previous study that also examined anxiety-like

behaviors across different ontogenic time points of adolescence. That study also found that

anxiety-like behavior, in traditional behavioral tests, appears to decrease from adolescence

into adulthood in rats (Lynn and Brown, 2010).

The AIE exposed adult rats demonstrated a different profile of behavior in the light/dark

box. Ethanol rats returned to the light box much quicker and reared more often in the light

than controls, indicating that the ethanol rats were not as inhibited in their exploratory

movements by the light as the controls were. Heightened arousal and impulsivity may

account for this increase of movement and exploration in the light. Increased entries to the

light side of the light/dark box have been reported in adolescent rats that were exposed to

alcohol during late adolescence (Hughes, 2011), but not in mice exposed to alcohol during

early adulthood (Pang et al., 2013). This suggests that ethanol exposure during adolescence

(as opposed to adulthood) may underlie some of the disinhibitory behaviors exhibited in the

light/dark box by the ethanol exposed rats in our study. In the light/dark box, adolescents

seemed to act with greater caution and fear of the anxiety-provoking stimuli (i.e. the bright

light) while early ethanol exposure in the vapor rats appeared to produce a less cautious

profile.

In the light/dark box, different strategies appear to have been employed by the adolescents

and the AIE rats in response to the test conditions. In contrast, the open field conflict test

seems to support our hypothesis that ethanol vapor exposure can “lock-in” certain
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adolescent phenotypes for disinhibitory and food motivated behaviors under certain testing

conditions. Adolescent animals and AIE exposed adult rats employed similar behavioral

strategies for a number of measurements in the open field conflict test. Both of the younger

ontogenic groups and the adolescent ethanol vapor exposed rats engaged in more

“disinhibited”, behaviors by initially entering more quickly and spending more time overall

in the lighted center than control adults. The convergence of these behaviors between groups

suggests that at least, in certain behavioral tests, AIE exposure may result in a superficially

similar form of behavioral disinhibition to what is seen in adolescents.

When comparing across the light/dark box (where no reward was presented) and the open

field conflict test (where a motivational reward was present), the ethanol rats did not change

their strategies like their adolescent counterparts, in that they acted in a more “disinhibited”

manner in both tests as compared to normal adults. The open field conflict test presented a

condition of motivational conflict, where there were incentives to both inhibit and approach

the stimuli (i.e. food in the bright light). Fillmore and Vogel-Sprott (2000) tested the effect

of motivational conflict on a response inhibition test in male human adults 30 to 130 minutes

after a moderate dose of alcohol. The addition of motivational conflict to the situation,

where there were incentives to both inhibit and respond to the stimuli, did not intensify the

degree to which alcohol impaired inhibitory control; the impairment was no greater than that

observed under a conflicting condition where no reinforcement was present. These findings

support our results of increased disinhibition in both behavioral tests, irrespective of whether

there was a motivational component or not, in the AIE exposed adult rats. It further suggests

that alcohol exposure may have the ability to weaken inhibitory control in a variety of

contexts.

In the open field conflict test adolescents more readily approached the anxiety-provoking

lighted area compared to the older adults. One potential interpretation of these behaviors is

that the adolescent groups may “overcome” their reticence to approach the light because

they are strongly motivated by the food in the field. The younger animals ate more food

during the experiment and spent more time eating the food than the older adults. Relative to

other age groups, adolescents exhibit a disproportionate amount of novelty-seeking,

sensation seeking, and risk-taking behaviors (Spear, 2000; Steinberg, 2008). Steinberg

(2008) has theorized that the substantial increase in sensation-seeking and risk-taking seen

during adolescence is likely due to changes in reward salience and reward sensitivity. The

fact that the adolescent rats in our study only approached the light in the behavioral test

where the rat could obtain a highly desired reward appears to support this theory.

The forced swim test yielded more complicated results than the light/dark box and the open

field conflict test. Younger animals did not exhibit a clear developmental difference from

older adults. Significances were exhibited between the ontogenic group and the adult

controls for the two measures of immobility (time to first instance of immobility and total

immobility time) and the number of sinks, but no clear pattern related to age could be

discerned from these findings. The comparative results of the AIE exposed adult group

however did display more depressive-like or stress-like behaviors than the air-exposed

controls (Ehlers et al., 2011). Previous studies with the forced swim test have shown

increased immobility time in ethanol exposed rodents (Pang et al., 2013; Ribeiro-Carvalho
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et al., 2011; Slawecki et al., 2004; Walker et al., 2010). These data suggest that alcohol

exposure and withdrawal can lead to more depressive-like or stress-like behavior; however,

those responses do not appear to mimic any aspect of adolescent development.

In summary, our study revealed that the behavioral changes associated with AIE exposure in

rats could at times coincide with behaviors specific to adolescents for particular

circumstances. AIE exposure resulted in global disinhibition across the two tests associated

with anxiety-like behaviors (the light/dark box and the open field conflict test) where the

younger animals displayed disinhibition on a conditional basis, that is, in the presence of a

reward in the open field conflict test. In the forced swim test no clear developmental pattern

emerged. AIE exposed animals had more episodes of immobility and/or number of sinkings

than controls, and were significantly more likely to defecate during the test session as

compared to controls. The results of the light/dark box and the forced swim test do not

support the hypothesis that AIE can “lock-in” adolescent phenotypes on those behavioral

tests. However, data from the open field conflict test suggest that adolescent animals and

adolescent ethanol vapor exposed adult rats may employ similar behavioral strategies in the

open field conflict test. The convergence of these behaviors between groups suggests that at

least, in certain behavioral tests, alcohol vapor exposure during adolescence may result in a

similar form of behavioral disinhibition and/or food motivation to that which is seen in

adolescents.
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Highlights

1. Binge drinking peaks between late adolescence and early adulthood

2. Anxiety, disinhibition and depressive behaviors were measured during

adolescence

3. Adolescent animals and alcohol exposed animals showed disinhibition
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Figure 1.
(A-D): Behavioral measures in the open field conflict test. Group 1: post-natal day (PD) 38;

group 2: PD59; group 3: PD73 (open bars) and were compared to ethanol vapor controls

(lined bars) at PD105-106. Ethanol vapor control animals (AIR) (lined bars) were also

compared to adolescent intermittent ethanol vapor (AIE) rats (black bars) of same age (data

previously published and included for reference to current study). (A) All ontogenic groups

and AIE treated rats took significantly less time to enter the lit middle center of the open

field and spent more time there (B) compared to older controls. (C) Controls were on
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average further from the food pellet than AIE treated and all ontogenic groups. (D) Controls

ate less food than all ontogenic groups and AIE treated animals. All means are unadjusted. *

p<0.01 AIE effect and co-varied by body weight, + p<0.01 ontogenic age effect (ANOVA,

Dunnett’s test).
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Table 1

Effects of AIE (adolescent intermittent ethanol vapor) and ontogenic development (adolescence to adulthood)

on the behaviors measured in the light/dark box.

Latency to Dark
(s)

Latency Back to
Light (s)

Rears in
Light

PD34 27.60 ± 8.3* 59.27 ± 14.5 8.07 ± 2.9

PD55 57.00 ± 15.2 50.10 ± 13.1 13.47 ± 2.1

PD69 86.00 ± 13.6 61.20 ± 11.8 13.67 ± 1.6

PD106-7 AIR 74.87 ± 12.1 48.15 ± 5.6 13.31 ± 1.5

PD106-7 AIE 57.77 ± 6.6 34.67 ± 3.7* 19.36 ± 1.6*

AIE and Adult ethanol vapor air controls = postnatal day (PD) 106-7, Group 1 = PD34, Group 2 = PD55, Group 3 = PD69. Ethanol vapor and air
control data have been previously published and included for reference to current study. Data reported as mean ± SE.

*
p < 0.05: statistically significant difference from the adult controls, PD106-7 AIR (ANOVA, Dunnett’s test)
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Table 2

Effects of AIE (adolescent intermittent ethanol vapor) and ontogenic development (adolescence to adulthood)

on the behaviors measured in the forced swim test.

Time to
Immobile (s)

Total
Immobile Time

(s)

Number of
Sinks

Climb
Time (s)

PD42 86.47 ± 14.0* 152.83 ± 13.3 0.00 ± 0.0* 52.43 ± 7.0

PD63 56.93 ± 9.6* 162.97 ± 16.2* 0.53 ± 0.4* 53.20 ± 5.3

PD77 82.06 ± 14.6* 114.75 ± 18.4 0.72 ± 0.4* 62.39 ± 9.3

PD70 AIR 145.42 ± 20.6 101.92 ± 18.1 3.42 ± 1.4 81.42 ± 8.9

PD70 AIE 175.25 ± 17.1 69.75 ± 12.7 9.00 ± 1.9 110.46 ± 10.7

AIE and Adult ethanol vapor air controls = postnatal day (PD) 70, Group 1 = PD42, Group 2 = PD63, Group 3 = PD77. Ethanol vapor and air
control data have been previously published and included for reference to current study. Data reported as mean ± SE.

*
p < 0.05: statistically significant difference from the adult controls, PD90 AIR (ANOVA, Dunnett’s test)
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