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Abstract

Rationale—Alcohol abuse is prevalent in adolescent humans, but the long-term behavioral

consequences of binge alcohol drinking are unknown.

Objectives—This study investigated the long-term effects of adolescent intermittent ethanol

(AIE) exposure on attention and impulsivity.

Methods—Adolescent male rats were exposed to 5 g/kg of 25% v/w ethanol every 8 h for 4

days. During adulthood rats were tested in the 5-choice serial reaction time task (5-CSRTT)

assessing attention, impulsivity and cognitive flexibility.

Results—There was no metabolic tolerance to ethanol in adolescent rats during AIE exposure. In

the 5-CSRTT under baseline conditions, there were no differences between AIE-exposed and

control rats in accuracy, omissions or premature responses, although AIE-exposed rats tended to

make more timeout responses than control rats. The short-duration stimulus challenge decreased

accuracy and increased omissions and timeout responses in both AIE-exposed and control rats.

The long intertrial interval challenge increased premature responses in all rats. An ethanol

challenge decreased correct responses, and increased omissions in control, but not in AIE-

exposed, rats. Control, but not AIE-exposed, rats exhibited decreased premature and timeout

responses after ethanol administration. Response latencies were not affected in AIE-exposed or

control rats indicating no sedative effects of ethanol challenge.

Conclusions—The results indicate that ethanol binge exposure during adolescence has long-

lasting neurobehavioral consequences, which persist into adulthood and can be revealed after re-

exposure to ethanol. AIE-induced diminished responses to disruptive effects of ethanol on

attention, impulsivity and cognitive flexibility may lead to increased alcohol drinking and other

maladaptive behaviors in adulthood.
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INTRODUCTION

The high level of alcohol binge drinking during adolescence remains an important public

health concern (Courtney and Polich 2009; Hingson et al. 2009; Neal and Fromme 2007;

O’Malley and Johnston 2002; Windle et al. 2008). Alcohol exposure during adolescence

may induce long-lasting neurobiological changes that could attenuate responsiveness to

alcohol later in life (Matthews et al. 2008; Spear and Varlinskaya 2005; Swartzwelder et al.

1998; White et al. 2002a; White et al. 2002b). Considering that a decreased response to

alcohol is associated with an increased risk of alcoholism (Schuckit 2009; Schuckit et al.

2009), the early initiation of alcohol use may lead to alcohol abuse disorder during

adulthood (Dubow et al. 2008; Grant et al. 2001).

The adolescent brain is more sensitive to the neurotoxic effects of alcohol than the adult

brain (Bava and Tapert 2010; Clark et al. 2008; Crews and Nixon 2009; Nixon and Crews

2002; Stephens and Duka 2008). Especially vulnerable are brain structures that mature later

in development, such as the cortex and hippocampus (Bava and Tapert 2010; De Bellis et al.

2005; Medina et al. 2008), which are key regions in the modulation of attentional and

cognitive processes and impulsivity (Jentsch and Taylor 1999; Spinella 2004). However, the

long-term effects of adolescent alcohol exposure on attention and impulsivity have not been

investigated extensively in either humans or animals.

In animals, attentional performance and some aspects of impulsivity and cognitive flexibility

can be assessed in the 5-choice serial reaction time task (5-CSRTT; (Amitai and Markou

2010; Robbins 2002; Robinson et al. 2009; Semenova et al. 2007). Studies on the long-term

effects of adolescent ethanol exposure on attention and impulsivity are very limited. One

study reported that continuous exposure to ethanol vapor during adolescence transiently

increased performance accuracy in adult rats, measured in the 2-choice serial reaction time

task (Slawecki 2006), suggesting that alterations occurred in the neural circuitry that

mediates attentional performance.

The aim of the present study was to investigate the effects of adolescent intermittent ethanol

(AIE) exposure on attentional performance and impulsivity using the 5-CSRTT in rats

during adulthood. Adolescence in rats is commonly defined as the period between postnatal

day 28 (P28) and sexual maturation (P40; (Spear 2000). In the present study, adolescent rats

(P33-36) were exposed to a single 4 day ethanol binge, during which ethanol was

administered intermittently every 8 h for 4 consecutive days, as previously described (Nixon

and Crews 2002; Obernier et al. 2002). This AIE exposure regimen mimics adolescent

underage drinking in humans, which is characterized by the consumption of large amounts

of alcohol within a limited time period followed by a period of abstinence. Additionally,

laboratory findings demonstrated that intermittent ethanol treatment regimens followed by

periods of abstinence result in a more severe neurological insult compared with continuous
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ethanol exposure in both adult and adolescent animals (Crews and Nixon 2009; Crews et al.

2000; Matthews et al. 2008; Nixon and Crews 2002; Pascual et al. 2009; Pascual et al. 2007;

Spear 2007; White et al. 2002a). In adult rats, this short-term ethanol binge exposure

resulted in learning impairment, damage to corticolimbic brain areas (Obernier et al. 2002),

and decreased neurogenesis in the hippocampus (Morris et al. 2010a; Nixon and Crews

2002). The hypothesis tested in this study was that AIE exposure induces long-lasting

deficits in impulsivity and attention in adult rats (P60), measured in the 5-CSRTT.

Additionally, in the present study, adult rats were subjected to several task challenge

conditions because behavioral deficits induced by AIE exposure may not be revealed under

baseline conditions after the extensive training required in the 5-CSRTT. The task

challenges included the shorter stimulus duration than during training, which increases

cognitive load, resulting in decreased performance accuracy and a longer intertrial interval

than during training, which increases premature responding, indicating increased motor

impulsivity (Belin et al. 2008; Harrison et al. 1997; Mirza and Stolerman 1998; Robinson et

al. 2009). Finally, previous studies showed that AIE exposure resulted in tolerance to the

sedative and locomotor effects of acute ethanol administration during adulthood (Matthews

et al. 2008; White et al. 2002a; White et al. 2002b). Thus, the effects of acute ethanol

challenge on attention and impulsivity in adult rats exposed to ethanol during adolescence

were investigated. In summary, this work examined attentional performance and impulsivity

in adult rats exposed to AIE or vehicle during adolescence, measured in the 5-CSRTT in the

following conditions: (i) baseline, (ii) after a task challenge that increased cognitive load,

and (iii) after acute ethanol administration.

MATERIALS AND METHODS

Subjects

Adolescent male Wistar rats (Charles River; Raleigh, NC), approximately 27 days old (P27)

upon arrival in the laboratory, were housed in groups of two in a humidity- and temperature-

controlled vivarium on a 12 h/12 h reversed light/dark cycle (lights off at 7:00). Rats were

acclimated to the vivarium for 6 days before ethanol/vehicle administration began on P33

(average body weight, 114.4 ± 2.8 g). Behavioral testing began on P60, at which time all rats

had reached a body weight of approximately 300 g before being restricted to 20 g of food

per day per rat in addition to the food pellets earned in the operant conditioning boxes. Rats

received water ad libitum at all times except during testing for operant behavior. Training

and testing occurred during the dark cycle. All experiments were in accordance with the

guidelines of the American Association for the Accreditation of Laboratory Animal Care

and the National Research Council’s Guide for Care and Use of Laboratory Animals and

were approved by the Institutional Animal Care and Use Committee.

Adolescent intermittent ethanol exposure

Rats were exposed to a 4 day ethanol binge that consisted of 5 g/kg of 25% w/v ethanol in

sterile water administered intragastrically (IG) via gavage every 8 h, resulting in a total of 12

administrations during adolescence (P33-36, n = 12/group) as described previously (Crews

et al. 2000; Majchrowicz 1975; Morris et al. 2010b). Control rats were administered IG

sterile water as a vehicle. Before each ethanol administration, animals were observed for
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potential cumulative effects of ethanol on behavior using a six-point behavioral intoxication

scale: 0, normal; 1, hypoactivity; 2, ataxia; 3, ataxia with a dragging abdomen or delayed

righting reflex; 4, loss of righting reflex; 5, loss of eye blink reflex (Knapp and Crews 1999;

Majchrowicz 1975; Morris et al. 2010b). Blood samples (300 μL) were drawn from the tip

of the tail 60-90 min after injections 4, 7, and 10. Blood ethanol levels (BELs) were

measured using an ANALOX AM1 fast alcohol analyzer (Analox Instruments, Lunenburg,

MA).

Ethanol challenges during adulthood

The same rats were acutely challenged with ethanol (1.5 and 3 g/kg, 25% w/v ethanol, IG)

during adulthood. Control rats were injected with sterile water in a volume equal to the

highest ethanol dose used in each experiment.

5-Choice serial reaction time task (5-SRTT)

Rats were trained in the 5-CSRTT following the protocol established by Trevor Robbins

(Robbins 2002) and described in detail in the Supplementary materials and previous

publications (Semenova and Markou 2007; Semenova et al. 2007).

Experimental design

Effects of AIE exposure on task acquisition during adulthood—Rats exposed to

AIE or vehicle during adolescence (n = 12/group) were used in the described studies.

Training in the 5-CSRTT began on P60 and consisted of six training schedules with

increased task difficulty. The light stimulus duration (SD) and limited hold (LH) period

were initially set at 30 s and 60 s, respectively, and were gradually decreased over the course

of training to their final durations (SD 1 s; LH 5 s). Rats progressed to the next training

schedule based on predefined criteria: 100 trials completed, > 80% accuracy, < 20%

omissions.

Effects of AIE exposure on 5-CSRTT performance under baseline and task
challenge conditions during adulthood—Rats were trained on the final schedule for

approximately 40 sessions until stable baseline performance (i.e., < 10% variability over 5

consecutive days) was established. The task challenges were implemented between P90 and

P107 (average P98.1±1.1), depending on the stability of the subjects’ performance. During

the test sessions, rats were presented with either a shorter SD (0.5 s and 0.25 s instead of 1 s)

or longer intertrial interval (ITI 15 s instead of 5 s) compared with baseline conditions.

These task challenges occurred once per week. The session duration was 30 min,

independent of the number of trials completed.

Effects of AIE exposure on 5-CSRTT performance after ethanol challenges
during adulthood—The acute ethanol challenges were implemented between P107 and

P127 (average P115.9±1.2) depending on the stability of the rats’ performance. Rats were

acutely challenged with ethanol doses of 1.5 g/kg (25% w/v ethanol, IG) or vehicle using a

crossover design. The highest ethanol dose of 3 g/kg was administered to all rats after

completion of the crossover design. The ethanol/vehicle challenge was administered 5 min

before testing in the 5-CSRTT. The ethanol challenges occurred once per week.

Semenova Page 4

Psychopharmacology (Berl). Author manuscript; available in PMC 2014 May 12.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Statistical analyses

All analyses were performed using the Biomedical Computer Programs for Personal

Computers Statistical Package (BMDP, Los Angeles, CA) using the appropriate analyses of

variance (ANOVAs). Post hoc comparisons were conducted using the Newman-Keuls test

or t-test. The nonparametric Fisher test was used to compare the percentage of rats that

required more training sessions than the average number required by the control group to

learn the task on the initial schedule. The level of significance was set at p < 0.05.

Measures of attentional performance are expressed as a percentage of the number of trials

completed (% correct and incorrect responses and % omissions) to allow direct comparisons

between AIE-exposed and control rats because these two groups of rats differed

significantly in the number of trials completed during the test sessions with task or ethanol

challenges and under baseline conditions (see Results for details). The numbers of

premature, timeout, and perseverative responses, latencies to make correct and incorrect

responses, and latencies to retrieve the reward were analyzed as absolute values.

RESULTS

Effects of AIE exposure on blood ethanol levels and body weights

During AIE exposure, mean blood ethanol levels (BEL) were 170.9 ± 16.2, 218.8 ± 13.6,

and 229.8 ± 18.4 mg/dl after ethanol injections 4, 7, and 10, respectively, indicating a high

level of ethanol concentration in blood. ANOVA performed on BELs revealed a significant

effect of AIE Day (F2,35 = 7.34, p < 0.01). Post-hoc comparisons indicated that BELs after

injections 7 and 10 were significantly higher than BELs after injection 4 (p<0.05). Based on

a six-point behavioral ethanol intoxication scale, no cumulative effects of ethanol on

behavior were detected before ethanol dose of 5 g/kg received by each rat from this

experimental group. The behavioral scores of AIE-exposed rats ranged from “0” (normal

behavior) to “1” (hypoactive behavior) and were not significantly different from control rats,

which exhibited normal behavior scored as “0.”

The body weights of ethanol-exposed and control rats were compared at nine time-points

(i.e., P33, P34, P35, P36, P37, P42, P47, P49, and P50). A significant effect of Postnatal

Day on body weights was revealed by the ANOVA (F8,198 = 205.3, p < 0.0001), but no

effect of the factor AIE exposure and no interaction were observed (Fig. S1A in

Supplementary Materials). However, the analyses of body weight gain, expressed as the

percent change in body weight compared with pre-binge levels (P33), revealed significant

effects of the factors AIE exposure (F1,176 = 61.35, p < 0.0001) and Postnatal Day (F7,176 =

622.0, p < 0.0001) and a significant interaction (F7,176 = 2.27, p < 0.05). Post hoc analyses

confirmed that compared with controls, body weight gain in AIE-exposed rats was

significantly less from P37 to P50 (Fig. S1B in Supplementary Materials). From P55

onward, no difference in body weight gain was observed between AIE-exposed and control

rats (data not shown).
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Effects of AIE exposure on 5-CSRTT acquisition during adulthood

Comparisons of the number of sessions required to complete each of six training schedules

during the 5-CSRTT acquisition revealed no differences between rats exposed to ethanol or

vehicle during adolescence (Table S1 in Supplementary Materials). A nonsignificant

tendency was observed for AIE-exposed rats to be slower than controls to learn the task on

the initial schedule. Specifically, the percentage of rats that required more than seven

training sessions (i.e., the average number of training sessions for the control group) to

complete training on the initial schedule tended to be higher in the AIE-exposed group

(50%) compared with the vehicle-exposed group (25%).

Effects of AIE exposure on 5-CSRTT performance under baseline and task challenge
conditions during adulthood

One rat from the AIE-exposed group was excluded from this and subsequent ethanol

challenge manipulations because of unstable baseline performance in the 5-CSRTT. Under

baseline conditions, measures of attentional performance, including accuracy, the percentage

of correct and incorrect responses, and the percentage of omissions, were similar in AIE-

exposed and control rats (Fig. 1). Premature responses did not differ significantly between

AIE-exposed rats and control rats, while AIE-exposed tended to make more timeout

responses than control rats (Fig. 2). No effect of AIE exposure was observed on latencies to

correct and incorrect responses or latency to retrieve the reward, indicating similar baseline

processing speed between AIE-exposed and control rats (Table S2 in Supplementary

Materials).

ANOVAs detected a significant main effect of Stimulus duration challenge (0.5 and 0.25 s

instead of 1 s) on all measures of attentional performance (accuracy, % correct and incorrect

responses, and % omissions) and cognitive flexibility (timeout and perseverative responses),

with no effect on impulsivity (premature responses) and response latencies. No main effect

of AIE exposure and no AIE exposure × Stimulus duration challenge interaction were

observed (see Table S3 in the Supplementary Materials for ANOVA details). Overall, a

reduction in the SD decreased attentional performance in both AIE-exposed and control rats,

reflected by decreased accuracy, a decreased percentage of correct responses, an increased

percentage of incorrect responses, and an increased percentage of omissions (Fig. 1).

Premature responses did not differ between AIE-exposed and control rats and were not

affected by changes in the SD during the test sessions (Fig. 2A). Independent of AIE

exposure, perseverative responses decreased and timeout responses increased in an SD-

dependent manner (Fig. 2B and 2C). Response latencies did not differ between AIE-exposed

and control rats and were not affected by reduced SDs (Table S2 in Supplementary

Materials).

A significant main effect of ITI challenge (ITI 15 s instead of 5 s) was observed on two

measures of attentional performance (% correct responses and % omissions) and on

impulsivity (premature responses) and cognitive flexibility (timeout and perseverative

responses), but no effect on response latencies was found. No main effect of AIE exposure

and no AIE exposure × ITI challenge interaction were detected by the ANOVAs (see Table

S4 in the Supplementary Materials for ANOVA details). Independent of AIE exposure,
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increases in ITI decreased attentional performance, reflected by a decreased percentage of

correct responses and an increased percentage of omissions (Fig. 1B and D). No changes in

incorrect responses and performance accuracy were observed (Fig. 1A and C). The long ITI

resulted in dramatic increases in premature responses and decreased perseverative responses

in both AIE-exposed and control rats (Fig. 2). Response latencies and reward latencies did

not differ between AIE-exposed and control rats and were unaffected by the ITI (Table S2 in

Supplementary Materials).

Effects of AIE exposure on 5-CSRTT performance after ethanol challenges during
adulthood

Significant main effects of AIE exposure and Ethanol challenge and a significant interaction

effect were observed on the number of trials completed (see Table S5 in the Supplementary

Materials for ANOVA details). Post hoc testing showed that the highest ethanol dose (3

g/kg) significantly decreased the number of trials completed in control rats (63.58 ± 12.02)

compared with AIE-exposed rats (99.5 ± 0.47). Furthermore, ANOVAs revealed that the

acute ethanol challenge had significant main effects on two measures of attentional

performance (% correct responses and % omissions), with no significant effects on accuracy

or the percentage of incorrect responses. Additionally, a significant interaction was found

between AIE exposure and Ethanol challenge for the percentage of correct responses and

percentage of omissions (Table S5). Post hoc comparisons showed that the highest ethanol

challenge dose (3 g/kg) significantly decreased the percentage of correct responses and

increased the percentage of omissions compared with vehicle administration in control rats.

However, performance accuracy and the percentage of incorrect responses did not change

significantly in control rats after the ethanol challenges (1.5 and 3.0 g/kg; Fig. 3A and C). In

contrast, the highest ethanol dose (3 g/kg) had no effect on any measures of attentional

performance in AIE-exposed rats (Fig. 3). A significant main effect of AIE exposure was

observed on premature responses (Table S5). Post hoc tests revealed that the number of

premature responses was significantly increased in AIE-exposed rats compared with control

rats after acute vehicle or ethanol challenge (Fig. 4A). Additionally, a significant main effect

of AIE exposure was observed on timeout responses (Table S5). Post hoc comparisons

indicated that acute ethanol challenges had no effect on timeout responses in AIE-exposed

rats, but the highest ethanol dose (3 g/kg) suppressed timeout responses in control rats,

resulting in significant differences between treatment groups (Fig. 4C). No significant

effects of acute ethanol challenge were observed on perseverative responses (Fig. 4B) and

response latencies (Tables S5 and S6 in Supplementary Materials) in either AIE-exposed or

control rats.

DISCUSSION

The present study showed that adult AIE-exposed rats exhibited no deficits in the acquisition

and baseline performance of a cognitive task. AIE-exposed and control rats showed similar

disruption of attentional performance and increases in impulsivity in response to the task

challenges that increased attentional load and impulsive responding, respectively.

Importantly, AIE-exposed rats, unlike control rats, exhibited diminished sensitivity to

ethanol-induced disruptive effects on attention and decreases in impulsivity (premature
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responses) and cognitive flexibility (timeout responses) in adulthood. There was no effect of

the ethanol challenge on response latencies indicating no sedative effects of acute ethanol on

motor performance in either AIE-exposed or control rats.

During the 4-day ethanol binge, BELs were within the range reported in the literature

(Nixon and Crews 2002; Morris et al 2010) with increased BELs from day 2 to day 4

indicating no metabolic tolerance to ethanol in adolescent rats. Further, there were no

cumulative effects of AIE on behavioral signs of ethanol intoxication. In contrast to

adolescent rats, adult rats exposed to a similar 4-day ethanol binge developed metabolic

tolerance to ethanol (Silvers et al. 2003; Varlinskaya and Spear 2007) and exhibited

behavioral signs of ethanol intoxication before each ethanol administration (Nixon and

Crews 2002; Morris et al 2010). The difference between adult and adolescent rats in

response to ethanol binge can be attributed to an enhanced rate of ethanol elimination in

adolescent rats (Walker and Ehlers 2009). Furthermore, in line with previous findings

(Morris et al. 2010b; Silvers et al. 2003), AIE exposure in the present study resulted in a

transient decrease in body weight gain in adolescent animals, suggesting no long-term

effects of ethanol binge on growth.

Contrary to the hypothesis, a single ethanol binge exposure during adolescence did not

significantly impair attentional performance in adult rats during task acquisition, under

baseline conditions or after the short stimulus duration task challenge that increased

attentional load. In contrast to the present findings, in the 2-choice reaction time task,

continuous exposure to ethanol vapor for 14 days (BELs 215 mg/dl) during adolescence

increased performance accuracy in adult rats during training stages that had a stimulus

duration fixed at 1 s (Slawecki 2006). This discrepancy in the results may be explained by

the differences in the task difficulty (5-choice vs. 2-choice serial reaction time task). Indeed,

in the Slawecki (2006) study, when the task difficulty was increased by randomly alternating

stimulus durations (0.5, 0.25, or 1 s) within the session, no differences in choice accuracy

were found between ethanol-exposed and control rats (Slawecki 2006). Furthermore,

adolescent rats exposed to different ethanol regimens showed similar acquisition of spatial

navigation in the Morris water maze task (Obernier et al. 2002; Schulteis et al. 2008) and

eight-arm radial maze (White et al. 2000a) during adulthood compared with controls.

However, young adult rats that had been exposed to ethanol during the periadolescent period

exhibited working memory deficits in spatial navigation in the Morris water maze during a

memory retention test, indicating accelerated forgetting of novel information compared with

controls (Schulteis et al. 2008).

Further, AIE exposure had no effect on impulsivity but induced small deficits in cognitive

flexibility. Similarly to AIE exposure, prenatal ethanol exposure has been reported to

produce perseverative behavior in the passive avoidance task (Abel 1982) and the

differential reinforcement of low rates of responding task (Vigliecca et al. 1989).

Additionally, in adult rats, 4 day ethanol binge exposure induced deficits in reversal learning

in the Morris water maze (Obernier et al. 2002). Although the Morris water maze is not a

classical test of perseveration, the greater number of entries in the original goal quadrant

during reversal learning can be interpreted as perseverative behavior (Obernier et al. 2002).
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The lack of pronounced impairments in attentional performance and impulsivity under

baseline conditions can be attributed to regenerative processes that occur during abstinence

(Crews and Nixon 2009; Nixon and Crews 2004; Nixon et al. 2008). Human studies have

provided substantial evidence that protracted abstinence results in improvement in

neurocognitive function (Fein et al. 2006; Sullivan et al. 2000a; Sullivan et al. 2000b), and

induces structural changes in the brain (Carlen et al. 1978; O’Neill et al. 2001; Pfefferbaum

et al. 1995; Rosenbloom et al. 2007). Thus, in the present study, AIE-induced

neurodegeneration may have been partially recovered by the time behavioral testing began.

Several studies have assessed the effects of ethanol administration on attention and

impulsivity in adult rats with no previous ethanol experience. Acute ethanol dose-

dependently decreased choice accuracy in a 2-choice reaction time task (Givens 1997) and

impaired the percentage of hit performance in a signal detection task (Rezvani and Levin

2003). In the 5-CSRTT, ethanol had no effect on performance accuracy (Bizarro et al. 2003;

Oliver et al. 2009), but increased omissions (Bizarro et al. 2003). In the present study, the

highest ethanol dose (3g/kg) decreased the percentage of correct responses and increased

omissions with no effect on response latencies, indicating specific disruption of attention in

control rats. In contrast to control rats, AIE-exposed rats showed decreased sensitivity to the

disruptive effects of ethanol challenge on measures of attention. Controversially, in other

studies that assessed cognitive function, adult rats treated with ethanol during adolescence (5

g/kg at 48 h intervals for 20 days) exhibited greater working memory impairments during an

ethanol challenge (1.5 g/kg) than control subjects in the eight-arm radial maze (White et al.

2000b). Thus, increases in the duration or pattern of ethanol exposure during adolescence

may induce greater brain damage and more pronounced cognitive deficits during adulthood

than exposure to a single 4 day ethanol binge. The results may also indicate that AIE

exposure produces decreased sensitivity to acute ethanol-induced disruption in some

cognitive modalities, such as attention, while producing deficits in other cognitive

modalities, such as working memory.

Further, the ethanol challenge (3 g/kg) decreased impulsivity in control rats, even though

premature responses of control rats were lower after the vehicle challenge relative to

baseline levels. The literature findings on the effects ethanol challenge on impulsivity are

contradictory depending on species are being used or types of impulsivity are being

measured (Dougherty et al. 2008). In the 5-CSRTT, ethanol challenge decreased impulsivity

in rats (Bizarro et al. 2003) similar to the present findings, while in mice, ethanol challenge

had no effect on impulsive responding under baseline conditions and increased impulsivity

in long ITI sessions (Oliver et al. 2009). In the delayed reward task, that measures other type

of impulsive behavior, ethanol challenge increased impulsivity (Evenden and Ryan 1999;

Olmstead et al. 2006).

Interestingly, premature responses in AIE-exposed rats did not change after ethanol or

vehicle challenges and were significantly higher than premature responses in control rats

indicating decreased sensitivity to suppressive effects of ethanol on impulsivity. However, a

significant difference in premature responding between AIE-exposed and control rats was

observed after the vehicle challenge also. Considering that baseline premature responses did

not differ between AIE-exposed and control rats, decreased premature responses in control
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rats after the vehicle challenge could be a non-specific effect of the vehicle injection. Taking

into consideration that ethanol challenge significantly decreased premature responses in

control rats compared to vehicle condition, the lack of ethanol effect on premature responses

in AIE-exposed rats can be interpreted as decreased sensitivity to ethanol. Similarly, ethanol

challenge decreased timeout responses in control rats; while timeout responses in AIE-

exposed rats did not changed after ethanol challenge and were significantly higher than

timeout responses in control rats again indicating diminished response to ethanol in AIE-

exposed rats during adulthood.

Studies investigating the long-term consequences of adolescent ethanol exposure showed

results similar to the present findings. That is, ethanol exposure during adolescence

produced hypnotic, motor, and cognitive tolerance in adult rats in response to ethanol

challenge (Matthews et al. 2008; Silvers et al. 2003; Silvers et al. 2006; White et al. 2002a).

Altogether these findings suggest that ethanol exposure during adolescence produces long-

lasting physiological and neurobiological changes. These changes can be attributed to AIE

exposure-induced metabolic tolerance to ethanol during adulthood (Silvers et al. 2003).

Additionally, AIE exposure may induce changes in the developing brain that last into

adulthood, but these changes are yet to be determined.

In summary, exposure to a single ethanol binge during adolescence had no effect on

attentional performance and impulsivity, but induced small deficits in cognitive flexibility

under baseline or task challenge conditions during adulthood. Importantly, the present

results provide evidence that AIE exposure result in a diminished response to the disruptive

effects of acute ethanol challenge on attention, impulsivity and cognitive flexibility during

adulthood. However, it is not clear whether diminished responsiveness to acute ethanol are

specific to adolescent ethanol exposure because the long-term effects of the same ethanol

binge exposure in adult rats were not evaluated in these studies. Nevertheless, the

diminished response to ethanol produced by AIE exposure is a risk factor that may lead to

increased drinking and alcohol dependence in adulthood (Schuckit et al. 2009; Trim et al.

2009).
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Figure 1.
Attentional performance of AIE-exposed and control rats in the 5-CSRTT under baseline

and task challenge conditions. Data are expressed as mean ± SEM (n = 11 AIE-exposed rats;

n = 12 control rats). (^) indicates a statistically significant main effect of the Task Challenge

factor in the ANOVA (see Tables S3 and S4 for details). Bsl, baseline; SD, stimulus

duration; ITI, intertrial interval.
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Figure 2.
Measures of impulsive responding and cognitive flexibility in AIE-exposed and control rats

in the 5-CSRTT under baseline and task challenge conditions. Data are expressed as mean ±

SEM (n = 11 AIE-exposed rats; n = 12 control rats). (^) indicates a statistically significant

main effect of the Task Challenge factor in the ANOVA (see Tables S3 and S4 for details).

Bsl, baseline; SD, stimulus duration; ITI, intertrial interval.
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Figure 3.
Effects of acute ethanol challenge on attentional performance in the 5-CSRTT in rats. Data

are expressed as mean ± SEM (n = 11 AIE-exposed rats; n = 12 control rats). *p < 0.05, **p

< 0.01, comparisons between AIE-exposed and control rats (see Table S5 for details); ##p <

0.01, comparisons between vehicle and ethanol challenge conditions.
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Figure 4.
Effects of acute ethanol challenge on measures of impulsive responding and cognitive

flexibility in the 5-CSRTT. Data are expressed as mean ± SEM (n = 11 AIE-exposed rats; n

= 12 control rats). *p < 0.05, **p < 0.01, comparisons between AIE-exposed and control rats

(see Table S5 for details); #p < 0.05, comparisons between vehicle and ethanol challenge

conditions.
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