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Abstract

It is yet unclear if ethanol-induced motor stimulation in the open field (OF) merely reflects

psychomotor stimulating effects of the drug or if this stimulation is driven or modulated by

ethanol’s antianxiety properties. In the present study, adolescent rats were administered with

different ethanol doses or remained untreated. They were sequentially assessed in the OF, elevated

plus maze (EPM), and light-dark box (LDB) and then assessed for ethanol intake. The aims were

to assess the relationship between measures of ethanol-induced activity and anxiolysis, analyze

ethanol intake as a function of prior ethanol exposure, and associate behavioral responsiveness in

these apparatus with ethanol intake during adolescence. The results suggested that the enhanced

exploration of the OF observed after 2.5 and 3.25 g/kg ethanol reflected a motor-stimulating effect

that appeared to be relatively independent of anxiolysis. The 1.25 g/kg dose induced motor

stimulation in the OF and anti-anxiety effects in the EPM, but these effects were relatively

independent. The 0.5 g/kg ethanol dose exerted significant anxiolytic effects in the EPM in the

absence of stimulating effects in the OF. A multivariate regression analysis indicated that

adolescents with a higher frequency of rearing behavior in the OF, higher percentage of open arm

entries in the EPM, and lower propensity to enter the central area of the OF exhibited greater

ethanol intake. These results indicate that the OF is a valid procedure for the measurement of

ethanol-induced stimulation, and provide information towards characterizing subpopulations of

adolescents at risk for initiating alcohol drinking.
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1. Introduction

Ethanol induces appetitive, aversive, and negative (anti-anxiety) effects [1]. The expression

of these effects depends on the dosage, time course of intoxication, type of test, and species

and strains analyzed. In rats, ethanol’s appetitive effects appear to be associated with low

and moderate doses of ethanol (e.g., ≤ 1.5 g/kg) and the early phase of the toxic process

when ethanol levels are rising [2]. The aversive effects are more frequently detected at

higher doses and later time points [3]. Ethanol’s anxiolytic effects, in turn, are also

associated with low and moderate doses and are often assessed by tests (e.g., elevated plus

maze [EPM] or light-dark box [LDB]) that take advantage of the rodents’ natural avoidance

of open and brightly lit spaces. A greater time spent in these spaces after ethanol is

considered an index of anxiolysis.

In a given experiment, however, adequately discriminating which effect of ethanol drives

behavior or drug-induced learning is sometimes difficult. An example is conditioned place

preference (CPP) studies that employ a conditioned stimulus (CS) that is inherently less

preferred [4]. Ciccocioppo and coworkers [5] studied Marchigian Sardinian alcohol-

preferring (msP) rats and found that ethanol significantly increased the time spent in a

compartment that was non-preferred at the beginning of conditioning. An important caveat

of such studies is that it is unclear whether enhanced CS preference after pairings with

ethanol reflects the appetitive or anxiolytic properties of the drug. Another example of such

ambiguity is studying ethanol’s effects on exploration and distance traveled in the

inescapable environment of an open field (OF). Studies that analyze ethanol-induced motor

activity using the OF provide similar measures, but the authors’ theoretical interpretations of

the results are often different or opposite. Researchers may interpret that changes in the

distance traveled in the OF indicate enhanced or reduced anxiety. Karayadian and coworkers

[6] considered that decreases in the number of line crossings and rearings in the OF

represented behavioral signs of anxiety during ethanol withdrawal. Fukushiro and others [7]

assessed the acute and chronic effects of ethanol on OF behavior in mice. They found an

enhancement of motor activity following acute ethanol administration, a result that was

reported as proof of the ethanol-induced reduction of the aversive effect of the novel

environment (i.e., an anxiolytic effect). Yet in other studies ethanol-induced motor

stimulation and age-related differences in this variable are thought to reflect sensitivity to

the appetitive reinforcing effects of the drug (e.g., [8]). Ethanol-induced motor activation in

a novel, inescapable environment has been considered a proxy of ethanol’s appetitive effects

[9]. Common neurobiological mechanisms appear to underlie ethanol’s reinforcing and

motor-stimulating effects, namely the activation of the mesocorticolimbic dopaminergic

pathway [10, 11].

Although OF and EPM tests have become increasingly popular in drug research laboratories

and have been used for several decades [12], it is still unknown whether ethanol-induced
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motor stimulation in the OF represents sensitivity to the appetitive, stimulating effects of the

drug or whether it is confounded by the expression of anxiolytic-like behavior.

Infant [13] and adolescent [14] rats have been reported to be significantly more sensitive

than adults to the enhancement of OF activity observed after ethanol administration.

Adolescents are also less sensitive than adults to the motor-sedative effects of ethanol [14].

These differences have been proposed to reflect greater ethanol-induced appetitive

reinforcement in younger individuals, which may underlie their propensity to engage in

ethanol self-administration [15]. Moreover, individual differences in ethanol-induced motor

activity in an OF have served to identify adolescent rats with a marked predisposition to

drink ethanol. Specifically, adolescents that were more sensitive to the stimulant effects of

ethanol in the OF drank more ethanol than counterparts that had reduced sensitivity to these

stimulant effects in another study [16]. Therefore, elucidating whether ethanol-induced

exploration of the OF in adolescents reflects the stimulant effects of the drug or whether it

reflects an ethanol-induced reduction of experimental anxiety similar to studies that employ

the EPM is important.

The main purpose of the present study was to analyze the relationship between measures of

ethanol-induced effects on exploratory behavior in the OF, EPM, and LDB. Adolescent rats

were given various doses of ethanol or remained untreated. They were then sequentially

assessed in the EPM, OF and LDB. The aim of the present study was to determine whether

behavioral scores in one test predicted scores in the other tests. The presence or lack of

significant correlations was interpreted as a sign of similitude or difference, respectively, in

the psychobiological meaning of the measures provided by the tests.

The animals were then assessed for ethanol intake in a single 24-h test session. The effects

of prior ethanol exposure on ethanol intake was examined. Ethanol intoxication can affect

subsequent ethanol preference and this effect seems to significantly vary as a function of age

of exposure [17]. To our knowledge, the acquisition of ethanol intake preference or aversion

after non-reinforced ethanol exposure has not been systematically analyzed in adolescent

rats.

Although adolescent drinking is pervasive in most western societies, alcohol-related

behaviors exhibit considerable variability. Exposed to similar levels of alcohol availability

some youth quickly engage in alcohol drinking, whereas others kept alcohol drinking low

and stable [18]. The present study used the natural variability exhibited by adolescent,

genetically heterogeneous, rats to identify the predictors of ethanol drinking. Specifically,

another aim was to analyze the predictive value of the behavioral measures gathered in each

of the tests, upon ethanol intake, through univariate and multivariate statistical analyses (i.e.,

multiple regression analysis and analysis of variance [ANOVA] as a function of high or low

baseline anxiety response). The hypothesis was that anxiety responses and novelty

exploration would combine to significantly predict ethanol drinking during adolescence.
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2. Materials and Methods

2.1. Experimental design

A 2 (sex: male or female) × 2 (order of testing: animals were first tested in the EPM or OF

[EPM-OF or OF-EPM groups]) × 6 (ethanol treatment on postnatal day 28 [PD28]: rats were

untreated or treated with 0.0, 0.5, 1.25, 2.5, or 3.25 g/kg ethanol) factorial design was used,

with 10–11 animals per group. The untreated animals were removed from their homecage

and assessed in the EPM, OF, and LDB but received no ethanol or vehicle intubations.

2.2. Subjects

A total of 246 adolescent male and female Wistar rats, representing 46 litters, were used.

The rats were born and reared in the vivarium of the Instituto Ferreyra (INIMEC-CONICET,

Córdoba, Argentina). Births were examined daily, and the day of parturition was considered

PD0. The pups were kept with their dam in standard maternity cages until weaning on PD21.

Weaned animals were housed with five same-sex littermates and given continuous ad

libitum access to water and food (ACA Nutricion, Buenos Aires, Argentina) until

experimental procedures began on PD28. The colony was kept on a 12 h/12 h light/dark

cycle (lights on at 8:00 AM) at an ambient temperature of 22 ± 1°C. The procedures

complied with the Guide for the Care and Use of Laboratory Animals [19] and guidelines

issued by the Ministry of Animal Care of INIMEC-CONICET. To reduce confounds

between litter and treatment effects [20], no more than one male and one female per litter

were assigned to each particular cell of the experimental design.

2.3. Drug preparation and administration procedures

Ethanol was administered intragastrically (i.g.) via a 12-cm length of polyethylene-50 tubing

(PE-50 Clay Adams, Parsippany, NJ, USA) attached to a 3 ml syringe (Becton Dickinson,

Rutherford, NJ, USA) with a 23-gauge needle. Ethanol doses of 0.5, 1.25, 2.5 and 3.25 g/kg

resulted from the administration of a volume equivalent to 0.015 ml per gram of body

weight of 4.2% 10.5%, 21%, or 27.3% v/v ethanol (Porta Hnos, Córdoba, Argentina)

solutions, respectively. An equivalent volume of tap water was administered as vehicle (0.0

g/kg). All of the animals were gently intubated in approximately 5 s, and the solutions were

then slowly delivered over 3–4 s into the stomach. The doses and mode of administration

were selected based on previous studies [14,16].

2.4. Apparatus

Open field—The apparatus consisted of a gray wooden square box (30 cm length × 30 cm

width × 30 cm height) lined with black rubber. Forward locomotion was evaluated by

recording the time spent moving around the box in seconds. Locomotion was measured

when the animal was in a prone position, moving the four paws simultaneously. Frequency

of rearing, wall-climbing, and grooming were also measured. Rearing was measured when

the rat stood on its hind legs away from the wall. Wall-climbing and grooming were defined

as in [21]. Videotapes were also analyzed with regard to the time spent in the central area of

the open field. This central area was virtually defined as a 36 cm2 square that occupied the
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central square of the arena. The time spent in the central section of an open field is usually

considered a measure of anxiety.

Behavior in the OF and across tests was recorded by a video camera positioned on a metal

rail that hung from the ceiling. Data was subsequently analyzed by an observer unaware of

group assignment.

Elevated plus maze—The EPM was made of black Plexiglas and consisted of two open

arms (45 cm × 5 cm) and two closed arms (45 cm length × 5 cm width × 45 cm height) that

extended from a common central platform (5 cm × 5 cm) elevated 50 cm above the floor.

Each rat was gently placed in the center platform facing an open arm. An entry was

considered when the rat crossed into an arm with its four paws at a given time. The

following behaviors were recorded: absolute number and percentage of entries into the open

arms, number of entries into the closed arms, and total number of arm entries. The first two

variables were considered indices of anxiety, and the last two were taken as indices of

overall activity. Frequency of grooming, wall-climbing and rearing were also measured and

analyzed. Stretched–attend postures towards the open arm were measured but their

frequency was minimal across conditions and therefore were not taken into consideration for

statistical analysis.

Light-dark box—The LDB was made of Plexiglas and consisted of two compartments of

different sizes. One large bright section (25 cm length × 25 cm width × 30 cm height) was

illuminated by a 75-W white bulb. Another small dimly lit section (18 cm length × 25 cm

width × 30 cm height) was illuminated by a 40-W red bulb. Rodents show an innate aversion

to brightly illuminated areas [22]. Both the white and red bulbs were located 45 cm above

the box’s floor. The compartments were separated by a 6.5 × 6.5 cm door built into the

separating wall. Each rat was initially placed in the center of the bright compartment facing

the separating wall. An entry was considered when the rat placed its four paws in one of the

two compartments. The total number of transitions between compartments and time spent in

the bright side were recorded and considered indices of overall activity and anxiety,

respectively. Frequency of grooming, wall-climbing and rearing were also measured.

2.5. Procedures

On PD28, the animals were weighed to the nearest 0.01 g (portable Ohaus L2000; Ohaus,

Pine Brook, NJ, USA) and given ethanol (0.5, 1.25, 2.5 or 3.25 g/kg; i.g.) or vehicle (0.0

g/kg, tap water) or simply remained untreated (UT). The latter group of animals was

removed from their homecage and underwent behavioral screening with no ethanol or

vehicle intubations. Following intubation, the ethanol-treated subjects were returned to a

holding cage lined with pine shavings where they remained for 5 min until testing began.

Behavioral testing began by gently placing the rat in the central platform of the EPM or

central area of the OF. Ten minutes after administration, the animals that were subjected to

the EPM were then subjected to the OF, whereas the animals that were first tested in the OF

were gently placed on the central platform of the EPM. Half of the animals, which were

randomly selected, were tested first in the EPM, and the remaining half were tested first in

the OF. The animals remained in the corresponding apparatus for 5 min and were then
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immediately tested for another 5 min in the LDB test. Each test lasted 5 min (i.e., post-

administration intervals of 5–9, 10–14, and 15–19 min). Counterbalanced measurements in

the EPM and OF helped reduce the possibility that the order of assessment adversely

influenced the results. These procedures have been summarized in Figure 1. Scoring was

performed off-line by an observer who was unaware of the experimental conditions using

EthoLog software [23]. Each apparatus was cleaned with a sponge that was soaked with

water between each test. Illumination during the OF and EPM tests was provided by a

fluorescent lamp (75W) positioned on the ceiling approximately 2.5 m from the testing

chambers.

When behavioral testing was completed, each animal was individually housed in cages (22

cm × 20 cm × 30 cm) lined with pine shavings. They were given ad libitum access to food

and a graded tube that contained 75% of the water that, according to preliminary studies,

they normally drank. The next day (PD29), the animals underwent a 24-h ethanol intake test.

They had simultaneous access to three 25-ml graduated glass tubes that were filled with tap

water, sucrose (1% v/v), or a compounded solution of sucrose (1% w/v) and ethanol (5%

v/v, Porta Hnos, Argentina). Tap water served as vehicle for the sucrose and sucrose-ethanol

solutions. The volume consumed from each tube was assessed 24-h after the test began. The

selection of a three-bottle choice with sweetened ethanol was based on previous studies that

indicated that adding more than two bottles in intake tests significantly increases ethanol

intake [24] and that adolescent, uninitiated Wistar rats generally do not consume ethanol

concentrations higher than 5%, but they accept ethanol when it is mixed with a mild

concentration of sucrose [25]. Moreover, because ethanol mixed with sucrose was provided,

the addition of a bottle of 1% sucrose helped determine whether the effects of treatment on

ethanol intake were specific for ethanol or for the sweet taste of sucrose.

Sucrose intake and overall fluid intake are expressed as milliliters consumed per 100 g of

body weight (ml/100 g), and ethanol intake is expressed as grams of ethanol per kilogram of

body weight (g/kg) and as the percentage of ethanol preference over water and sucrose. The

percentage of sucrose preference over ethanol and water was also calculated.

2.6. Statistical analysis

Univariate analysis of behavioral responses in the OF, EPM, and LDB and
intake scores during three-bottle intake tests—The variables recorded in the OF

and EPM were independently analyzed using three-way ANOVAs, with sex (male or

female), treatment (0.0, 0.5, 1.25, 2.5 or 3.25 g/kg ethanol or untreated), and order of testing

(EPM-OF or OF-EPM) as the between-subjects factors. Similar ANOVAs were used to

separately analyze ethanol (g/kg and percent preference) and sucrose (ml/100 g and percent

preference) consumption and overall fluid intake (ml/100 g) during the three-bottle choice

test. The locus of significant main effects or significant interactions were further analyzed

using follow-up ANOVAs and the Fisher post hoc test. In the ANOVAs and post hoc tests,

the alpha level was 0.05. The results are expressed as mean ± SEM.

Correlation analyses—Pearson’s r product-moment correlations were calculated for the

overall sample of subjects, regardless of ethanol dose, and individually for each treatment

Acevedo et al. Page 6

Behav Brain Res. Author manuscript; available in PMC 2015 May 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



group (i.e., groups that received 0.0, 0.5, 1.25, 2.5, or 3.25 g/kg ethanol and untreated

animals). Correlations between the following variables were determined: locomotion

(distance traveled [s]) in the OF, time spent in the center of the OF (%), total number of

open arm entries, total number of closed arm entries, and locomotion (total number of open

and closed arm entries) in the EPM, anxiety response (percentage of open arm entries) in the

EPM, locomotion (number of transfers between compartments) in the LDB, and anxiety

response (time spent in the bright side) of the LDB. Given the large number of correlations

performed, the alpha level was adjusted within each dataset for the number of variables

under consideration (i.e., 0.05/8). Therefore, only associations with p ≤ 0.00625 were

considered significant. The main aim of these analyses was to analyze the overall

associations between behaviors in the OF, EPM, and LDB, regardless of ethanol dose, and

determine whether greater ethanol-induced locomotion scores in the OF were positively

correlated with a greater ethanol-induced percentage of entries into the open arms of the

EPM. The latter would support the hypothesis that motor activation in the OF at least

partially reflects anxiolytic effects of the drug.

Univariate and multivariate analyses of intake scores in control, ethanol-naive
subjects—Preliminary analyses indicated that animals that were untreated or given vehicle

on PD28 exhibited similar behavioral responses in the EPM, OF, and LDB. No differences

were observed between these conditions with regard to locomotion in the OF, EMP, and

LDB (t78 = −0.4, −1.86, and −0.89, respectively; all p < 0.05) or the percent time spent in

the open arms of the EPM or time spent in the bright area of the LDB (t78 = −0.03 and

−0.60, respectively; all p < 0.05). These conditions were then combined into a single control

condition with 80 subjects. Ethanol intake scores in the dataset with the 80 control subjects

were further analyzed using univariate and multivariate analyses.

Multiple regression analysis was used to study the relationship between exploratory and

anxiety-like behavior and ethanol consumption during the 24-h intake test. The dataset for

the multiple regression analysis consisted of 80 subjects originally assigned to the untreated

and vehicle-treated groups. The predictive variables included exploratory and anxiety

behavior observed in the OF test (i.e., total forward locomotion [s] and percent time spent in

the central area of the apparatus-considered a measure of inborn anxiety [26]-, respectively),

EPM (total number of arm entries and percentage of open arm entries, respectively), and

LDB (time spent in the bright area and number of transfers between compartments,

respectively). Rearing in the OF was also included as a predictive variable. Wall-climbing in

the OF was discarded because exploration of the correlations between variables indicated a

0.95 association with rearing in the OF. The frequency of grooming and wall-climbing in the

EPM and LDB yielded highly skewed distributions because most of the rats exhibited none

or very few of these behaviors. No rearing was observed in the LDB or the EPM. The

dependent variable was g/kg ethanol consumed in the 24-h ethanol intake test. We used a

standard (i.e., “enter” method) multiple regression analysis that simultaneously added all of

the independent variables in the model. The regular and adjusted multiple correlation

coefficients (R2 and R2a) were calculated. These indices indicate the percentage of variance

explained, and the adjusted version decreases with the number of predictive variables

introduced into the equation. The standardized regression coefficient (β) was also calculated
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to provide an estimate of the individual relationships between single predictive variables and

ethanol intake.

To assess the level of specificity of the multiple regression model, another multiple

regression analysis was conducted with the same predictive variables but using sucrose

consumption (ml/100 g in 24 h) as the dependent variable.

Ethanol intake scores in the dataset with the 80 subjects that belonged to the untreated and

vehicle-treated groups were further analyzed using ANOVAs as a function of high, medium,

and low spontaneous anxiety responses in the EPM and as a function of high, medium, and

low anxiety responses in the OF in a separate analysis. Specifically, the animals were

classified with low, medium, or high anxiety as a function of the percentage of entries into

the open arms of the EPM. The animals that fell into the upper quartile (i.e., 20 animals that

exhibited the highest number of entries into the open arms) were classified as the low

anxiety (LA) group. The animals that fell into the lower quartile were classified as the high

anxiety (HA) group. The animals that fell between the 38th and 62nd percentiles were

classified as the medium anxiety (MA) group. Similarly, the animals were classified as low-,

medium-, and high-anxiety responders (HA1, MA1, and LA1, respectively) as a function of

the percent time spent in the central area of the OF. Ethanol intake (g/kg and percent

preference) and sucrose and overall fluid intake (ml/100 g) were then analyzed using

separate one-way ANOVAs (comparative factor between groups: level of anxiety response

in the EPM or level of anxiety response in the OF) for each of the classification criteria.

3. Results

3.1. Open field scores

Total forward locomotion (s) in the OF as a function of ethanol treatment is depicted in

Figure 2, panel A. Moderate (1.25 g/kg) and high (2.5 and 3.25 g/kg) but not low (0.5 g/kg)

doses of ethanol induced significant motor activation in the OF. The ANOVA confirmed

these impressions and revealed significant main effects of treatment and order of testing

(F5,222 = 5.28 and F1,222 = 16.97, respectively; p < 0.001). The post hoc tests indicated that

animals given 3.5, 2.5, or 1.25 g/kg ethanol exhibited significantly higher locomotion scores

than untreated and vehicle-treated control animals in the OF. The latter two control groups

exhibited similar locomotion scores. Locomotion in animals given 0.5 g/kg ethanol was

similar to control subjects. No significant main effects of sex or significant interactions

involving sex were observed. Order of testing did not significantly interact with ethanol

treatment. The post hoc tests also revealed that locomotion (s) was higher when the OF test

occurred prior to the EPM test (13.44 ± 0.50 s) than when OF testing occurred at 10–14 min

following ethanol intubation, after termination of the EPM test (10.95 ± 0.38 s).

Percent time spent in the center of the OF is depicted in Figure 2 (panel B). The ANOVA

revealed significant main effects of treatment and order of testing (F5,222 = 5.89 and F1,222 =

13.81, respectively; p < 0.001). The post hoc tests revealed that animals given 3.25 g/kg

ethanol exhibited significantly more time spent in the center of the OF than the remaining

groups and that untreated animals spent significantly less time in the central area than

animals given 1.25, 0.5 or 0.0 g/kg ethanol. According to the post hoc tests, time spent in the
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center of the OF (%) was higher when the OF test occurred at post-administration minutes

5–9 (59.86 ± 3.00) than when OF testing occurred at 10–14 min following ethanol

intubation, after the EPM test (44.10 ± 3.17 s). No significant main effects of sex or

significant interactions involving sex were observed. Order of testing did not significantly

interact with ethanol treatment.

3.2. Elevated plus maze scores

The ANOVA of the percentage of open arm entries revealed significant main effects of

treatment and order of testing (F5,222 = 7.11 and F1,222 = 6.78, respectively; p < 0.001). The

post hoc tests indicated that animals given 2.5, 1.25, and 0.5 g/kg ethanol exhibited a

significantly greater percentage of entries into the open arms of the EPM than vehicle-

treated and untreated counterparts. This greater percentage of entries, presumably indicative

of an anti-anxiety effect of ethanol, was similar in males and females, and was not

significantly affected by order of testing. No significant main effects of sex or significant

interactions involving sex were observed. Animals that received 3.25 g/kg ethanol exhibited

a similar number of open arm entries as both control conditions. These results are depicted

in Figure 3A. The post hoc tests also indicated that the percentage of entries was higher

when the animals were tested in the EPM prior to the OF test (17.87 ± 1.35) than when

tested at 10–14 min, after termination of the OF test (12.98 ± 1.33).

Figure 3B depicts locomotion scores (i.e., total number of arm entries) in the EPM as a

function of ethanol treatment. The ANOVA yielded significant main effects of treatment

(F5,222 = 10.45, p <0.001) and order of testing (F1,222 = 15.24, p < 0.001). The post hoc tests

indicated that animals given 3.25, 2.5, and 1.25 g/kg ethanol exhibited significantly more

locomotion than control subjects (either 0.0 g/kg or untreated). Animals given 0.5 g/kg

ethanol exhibited significantly greater locomotion (number of arm entries) than untreated

animals but were similar to vehicle-treated animals. According to the post hoc tests, the

number of entries in the 2.5 g/kg ethanol group was significantly higher than in the

remaining groups, with the exception of animals given 1.25 g/kg ethanol, which showed a

similar number of entries. The post hoc tests also showed that the overall number of arm

entries was higher when testing occurred during the 5–9 min post-administration time period

(76.72 ± 2.15) than when testing occurred at 10–14 min, following the OF test (66.21 ±

1.99). Order of testing, however, did not affect the dose-response curve (i.e., order of testing

did not significantly interact with ethanol treatment). Sex did not exert significant main

effects or interactions.

The total number of entries has been considered a measure of locomotor activity in the

EPM, but it conflates locomotion in open (and presumably anxiogenic) and closed sections

of the EPM. To better understand the difference between the activating vs. anxiolytic effects

of ethanol in the apparatus, the total number of entries was split between open arm entries

and closed arm entries, and separate analyses were conducted for each of these variables.

Both ANOVAs yielded main effects of treatment (F5,222 = 6.30 and F5,222 = 9.10,

respectively; p < 0.001) and order of testing (F1,222 = 10.30 and F1,222 = 4.79, respectively;

p < 0.05). As shown in Figure 3C and 3D and confirmed by the post hoc tests, the varying

doses of ethanol differentially increased locomotion across open and closed arm entries.
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Animals that received 0.5 and 1.25 g/kg ethanol exhibited a greater number of entries into

the open arms but not closed arms than untreated and vehicle-treated counterparts.

Conversely, animals given 3.25 g/kg ethanol exhibited a greater number of entries into the

closed arms but not open arms of the EPM than untreated and vehicle-treated counterparts.

In the case of subjects given 2.5 g/kg ethanol, the number of arm entries was evenly

distributed between both arms; they exhibited a significantly greater number of entries into

both arms than both of the control conditions. Open and closed arm entries are depicted in

Figure 3C and 3D, respectively. The post hoc tests indicated that locomotion in the EPM

was greater in each arm when the test occurred prior to the OF test (open arms: 12.54 ±

1.08; closed arms: 51.59 ± 1.39) compared with locomotion scores observed when the EPM

test took place at 10–14 min, after termination of the OF test (open arms: 8.07 ± 0.97; closed

arms: 47.68 ± 1.37). Order of testing did not significantly interact with ethanol treatment.

No significant main effects of sex or significant interactions involving sex were observed.

3.3. Light-dark box scores

Figure 4 (left panel) depicts locomotion scores in the LDB (i.e., total number of transitions

between the two compartments) as a function of ethanol treatment. The ANOVA yielded a

significant main effect of treatment (F5,222 = 2.63, p < 0.05). Animals given 1.25 g/kg

ethanol exhibited significantly greater locomotion than untreated animals. When compared

to vehicle-treated animals, animals given 3.25 g/kg ethanol showed significantly lower

locomotion scores. Animals treated with 2.5 or 0.5 g/kg ethanol exhibited similar

locomotion scores as control animals.

The ANOVA of the time spent in the bright compartment of the LDB (s) revealed

significant main effects of treatment (F5,222 = 2.45, p < 0.05) and order of testing (F5,222 =

16.44, p < 0.001). Across treatments, the time spent in the bright compartment was greater

when the animals were first tested in the OF than when they were first tested in the EPM

(21.80 ± 2.47 vs. 9.95 ± 1.41). Order of testing did not significantly interact with ethanol

treatment. Perhaps more importantly, the post hoc comparisons indicated that untreated

animals and animals given 0.0, 0.5, or 1.25 g/kg ethanol spent a similar percentage of time

in the bright compartment. Animals given 2.5 g/kg ethanol spent as much as time in the

bright area as vehicle-treated controls, but they spent significantly less time in that area than

untreated controls. Moreover, adolescents treated with 3.25 g/kg ethanol spent significantly

less time in the bright compartment than untreated animals, vehicle-treated controls, and

animals given 1.25 g/kg ethanol (Figure 4, right panel). This result suggests that 3.25 g/kg

ethanol may have exerted an anxiogenic effect in the LDB test. No significant main effect of

sex or significant interactions involving sex were observed.

3.4. Correlation analyses between EPM, OF, and LDB scores

Table 1 depicts Pearson correlation scores between the EPM, OF, and LDB measures. The

analyses conducted in the overall sample of subjects indicated that the total duration of

locomotion (s) in the OF and total number of arm entries in the EPM were moderately but

significantly and positively correlated (r = 0.27). Greater motor activity in one test was

associated with greater activity in the other test. Furthermore, locomotion in the OF for the

overall sample of subjects was significantly associated with closed arm entries (r = 0.30) but
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not open arm entries (r = 0.07) in the EPM. This result appears to indicate that closed arm

entries is a better index of activity in the EPM than the total number of entries, although in

previous studies the measure most often used to assess activity has been total arm entries

[27]. Closed arm entries appeared to be less affected by the anxiety associated with

exploring the open arms. Consistent with this possibility, the percentage of open arm entries

in the EPM was significantly and positively correlated with the number of open arm entries

(r = 0.92) and significantly and negatively correlated with closed arm entries (r = −0.24) in

the EPM.

One of the objectives of the correlational approach was to determine whether greater

locomotion in the OF, particularly after ethanol administration, is associated with a lower

anxiety response in the EPM or LDB. The association between locomotion (s) in the OF and

percentage of open arm entries in the EPM was null (r = −0.02) for the overall sample and

not significant (r ≤ 0.25) in the ethanol-treated groups or in the untreated group. Similarly,

locomotion in the OF was not significantly associated with the time spent in the bright area

of the LDB or number of entries into the open arms of the EPM in any of the groups. In the

overall sample and across groups, time spent on the center of the OF (%) was not

significantly associated with the measures gathered at EPM or LDB, nor was significantly

associated with locomotion in the OF. Overall, these results suggest that ethanol-induced

motor activation in the OF did not result from the ethanol-induced amelioration of anxiety.

In the overall sample of subjects, locomotion in the LDB was significantly associated with

the total number of arm entries, percentage of open arm entries, and number of open arm

entries in the EPM (r = 0.31, 0.32, and 0.35, respectively) and the time spent in the bright

side of the LDB (r = 0.64). As could be expected, locomotion (i.e., total number of arm

entries) in the EPM was significantly associated with the percentage of arm entries (r =

0.40).

The total number of arm entries and percentage of open arm entries in the EPM were

significantly associated across all groups (r = 0.93–0.96). The total number of closed arm

entries was significantly correlated with overall locomotion scores in the EPM in the overall

dataset (r = 0.77) and in each particular group (r = 0.60–0.86). The total number of open

arm entries was significantly correlated with overall locomotion scores in the EPM in the

overall dataset (r = 0.61) and in the groups treated with the ethanol doses of 1.25, 2.5, and

3.25 g/kg (r = 0.60, 0.68, and 0.64, respectively).

The time spent in the bright side of the LDB was significantly correlated with locomotion in

the LDB (r = 0.65–0.96) in all of the groups, with the exception of the untreated group. The

time spent in the bright side of the LDB was also significantly correlated with the percentage

of open arm entries in the overall dataset and in the 1.25 g/kg ethanol group (r = 0.45), and

with locomotion in the EPM (r = 0.44). Locomotion in the LDB was also significantly

associated with locomotion in the EPM in the overall sample of subjects (r = 0.31), and in

the 1.25 and 2.5 g/kg ethanol groups (both r = 0.53). It was also significantly associated with

closed arm entries in the EPM in subjects given 1.25 g/kg ethanol (r = 0.54) and in the

overall population (r = 0.36) and with the percentage of open arm entries in the EPM in

subjects given 1.25 g/kg ethanol (r = 0.52).

Acevedo et al. Page 11

Behav Brain Res. Author manuscript; available in PMC 2015 May 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



3.5. Ethanol, sucrose, and overall fluid intake as a function of ethanol treatment on PD28

Figure 5 depicts absolute ethanol intake (g/kg) and the percentage of ethanol intake as a

function of ethanol treatment during the behavioral assessments. Visual inspection suggests

that treatment with 3.25 g/kg ethanol on PD28 affected later ethanol intake. As depicted in

the right panel of Figure 5 and confirmed by the ANOVA (significant main effect of ethanol

treatment, F5,263 = 3.29, p < 0.01) and subsequent post hoc tests, the percentage of ethanol

intake was significantly higher in animals given 3.25 g/kg ethanol than in all of the

remaining groups. Subjects given 3.25 g/kg ethanol also exhibited higher absolute ethanol

consumption (g/kg) than their counterparts. The ANOVA of g/kg of ethanol consumed,

however, indicated that the effect of ethanol did not reach significance (p > 0.15). There

were no significant main effects attributable to sex or to order of testing or significant

interactions comprising these factors.

Interestingly, treatment with 3.25 g/kg ethanol significantly decreased sucrose intake. The

ANOVAs indicated a significant effect of ethanol treatment on PD28 in terms of both

ml/100 g of body weight and percent preference (F5,263 = 3.09 and F5,263 = 3.68,

respectively; p < 0.01). The post hoc tests indicated that animals given 3.25 g/kg ethanol

exhibited significantly less sucrose intake than subjects in the remaining groups. The mean

values (ml/100 g and percent preference) and standard errors for each treatment group were

the following: untreated (20.65 ± 1.14 ml/100 g and 64.34% ± 3.00%), 0.0 g/kg ethanol

(18.93 ± 1.18 ml/100 g, 62.72% ± 3.49%), 0.5 g/kg ethanol (17.94 ± 1.20 ml/100 g, 61.04%

± 3.64%), 1.25 g/kg ethanol (20.81 ± 1.06 ml/100 g, 66.60% ± 2.96%), 2.5 g/kg ethanol

(20.52 ± 1.18 ml/100 g, 66.51% ± 3.10%), and 3.5 g/kg (15.12 ± 1.60 ml/100 g, 49.07% ±

3.81%).

The ANOVA indicated that ethanol treatment on PD28 did not alter overall fluid

consumption (ml/100 g). The mean values and standard errors for each group were the

following: untreated (31.70 ± 0.94), 0.0 g/kg ethanol (29.67 ± 1.05), 0.5 g/kg ethanol (28.87

± 1.04), 1.25 g/kg ethanol (31.38 ± 1.14), 2.5 g/kg ethanol (30.58 ± 1.01), and 3.5 g/kg

ethanol (27.39 ± 2.36).

Neither sex nor order of testing exerted a significant main effect or interaction with the

remaining variables in any of the variables measured during the intake test.

3.6. Univariate and multivariate analyses of intake patterns in control animals (i.e.,
untreated or vehicle-treated)

Multiple regression—Predictive variables were simultaneously entered into the multiple

regression model. The analysis indicated that ethanol consumed (g/kg) in the 24-h ethanol

intake test was significantly explained by the set of predictive variables. Exploratory and

anxiety-like behaviors in the OF, EPM, and LDB accounted for 22% of the variability in

intake scores (R2 = 0.22, R2a = 0.14, both p < 0.05). Inspection of the individual correlation

scores indicated that the percentage of open arm entries in the EPM, percent time spent in

the center of the OF, and frequency of rearing behavior in the OF significantly predicted

ethanol intake scores (β = 0.23, −0.26, and 0.25, respectively). The remaining estimations of

the partial, individual relationships between the predictive variables and ethanol intake did
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not achieve significance. A description of the multiple regression model is presented in

Table 2.

The same set of predictive variables did not significantly explain sucrose intake (ml/100 g)

during the 24-h intake test (R2 = 0.07, R2a = −0.02, both p < 0.05). Inspection of the β
values for each predictive variable indicated a lack of a significant association between the

individual variables and sucrose intake (all p > 0.05).

3.7. Ethanol intake in high-, medium-, and low-anxiety responders

The overall sample of control subjects (n = 80) was classified into three groups (low-,

medium-, and high-anxiety responders [LA, MA, and HA, respectively]) as a function of the

percentage of open arm entries in the EPM. The ANOVAs of ethanol intake and percent

ethanol preference across animals yielded significant main effects as a function of the

selection criteria (F2,57 = 6.02, p < 0.01, and F2,57 = 4.61, p < 0.05, respectively). The post

hoc tests indicated that HA adolescents preferred the ethanol solution less and drank less

absolute ethanol when compared with MA and LA groups. The latter two groups exhibited

similar absolute ethanol drinking and preference. Ethanol intake (g/kg) and percent

preference among groups are depicted in Figure 6 and Table 3. The ANOVAs indicated that

the differences observed as a function of baseline anxiety response were specific to ethanol

intake and preference. Neither absolute, percent sucrose intake nor total fluid intake were

significantly different between the HA, MA, and LA groups (Table 3).

Control subjects (n = 80) were also classified as high-, medium-, and low-anxiety responders

(HA1, MA1, and LA1, respectively) as a function of the percent time spent in the central area

of the OF. The ANOVAs indicated similar levels of absolute ethanol intake and the

percentage of ethanol preference in the HA1, MA1, and LA1 groups (F2,57 = 2.51, p > 0.05,

and F2,57 = 2.11, p > 0.10, respectively). The ANOVAs also revealed that these subjects

exhibited statistically similar levels of sucrose intake (ml/100 g and percent preference) and

did not differ in terms of overall fluid intake (all p > 0.05). See Table 3 for ethanol intake,

sucrose intake, and overall fluid intake in the high-, medium-, and low-anxiety responders

classified according to patterns of central area exploration in the OF.

4. Discussion

The present study focused on ethanol-related behaviors during adolescence, a developmental

stage in which ethanol experimentation and escalation usually occurs [28]. The aims of the

present study were to (a) assess the relationship between measures of ethanol-induced

activity and anxiolysis in the OF, EPM, and LDB, (b) analyze ethanol intake as a function of

previous ethanol exposure, and (c) analyze associations between ethanol intake and

behavioral responsiveness in these apparatus.

The administration of ethanol in rats and mice apparently induces psychomotor activity [16,

29] that is akin to the stimulant effects observed in human subjects [30]. The drug may also

reduce the animal’s innate fear of open spaces and facilitate exploration because of its

anxiolytic effects. We assessed the motor-stimulant and anxiolytic effects of a range of

ethanol doses 5–19 min post-administration in three different tests. The dose-response
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curves yielded by these tests helped determine whether enhanced ethanol-induced activation

in the OF reflects the anxiolytic or stimulant effects of the drug. Drug-induced motor

stimulation in the OF was exhibited after 1.25, 2.5, and 3.5 g/kg ethanol administration but

not after the lowest ethanol dose (0.5 g/kg). The analysis of EPM scores revealed a greater

percentage of open-arm entries in animals given 0.5, 1.25, or 2.5 g/kg ethanol compared

with controls. These doses and the 3.25 g/kg dose also increased locomotion (i.e., total

number of arm entries in both arms) in the EPM. Therefore, one could argue that the

apparent anxiolytic effect of ethanol in the EPM reflected motor stimulation induced by the

drug. Separate analyses of the number of entries into the open and closed arms revealed that

the ethanol-induced enhancement of activity in animals given 0.5 and 1.25 g/kg ethanol was

specific for the open arms. The animals given 3.25 g/kg ethanol exhibited a greater number

of arm entries than control counterparts but only in the closed arms. Locomotion was

distributed evenly across both arms in animals given 2.5 g/kg ethanol.

Interestingly, the 2.5 g/kg ethanol dose significantly enhanced locomotion in the OF but

lacked reliable anxiolytic effects in the EPM. Specifically, the 2.5 g/kg dose increased

absolute exploration in the open arms of the EPM, but this effect was driven by a general

increase in motor activity instead of by a specific reduction of fear for open spaces.

Moreover, the highest 3.25 g/kg dose exerted a significant stimulant effect in the OF but was

devoid of any anxiolytic effect in the EPM. Animals given this high dose of ethanol also

spent less time in the bright area of the LDB than control counterparts. This suggests that

3.25 g/kg ethanol may have induced an anxiogenic effect in the LDB test. Animals given

this high dose, however, also exhibited a significant suppression of overall activity (i.e.,

number of transitions between compartments) in the LDB test. This raises the possibility

that the lower time spent in the bright compartment after 3.25 g/kg could simply have been a

byproduct of a delayed depressant effect of the highest dose. The LDB test occurred late

during the postadministration curve, at minutes 15–19. Another caveat is that, unlike the

plus-maze and open field, order of testing was not counterbalanced for LDB. It is likely that

behavior during this third test was strongly influenced by the previous two tests.

Overall, these results suggest that the enhanced exploration of the OF after 2.5 and 3.25 g/kg

ethanol reflects a motor-stimulating effect that appears to be relatively independent of any

anxiolytic consequences. The 1.25 g/kg dose appeared to induce motor stimulation in the OF

and anxiolytic effects in the EPM but the effects were relatively independent. In the EPM,

the 1.25 g/kg ethanol dose increased the number of arm entries only in the open sections of

the apparatus. The 0.5 g/kg ethanol dose, in turn, exerted significant anxiolytic effects in the

EPM and lacked stimulating effects in the OF. Moreover, when compared to the vehicle-

treated condition, none of the lower ethanol doses (i.e., 0.5, 1.25 and 2.5 g/kg) were

effective in increasing time spent in the center of the OF.

Positive correlations were observed between locomotion scores in the OF and EPM and

between locomotion in the EPM and total number of compartment transitions in the LDB.

Greater locomotion in one apparatus appeared to be associated with greater locomotion in

the other tests. Similarly, ambulation in the OF was positively correlated with closed arm

entries but not open arm entries in the EPM. These correlations are consistent with studies

that employed factor analysis and found that ambulation in the OF and closed-arm entries
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and total entries in the EPM were represented by a common factor known as “locomotor/

exploratory activity” [27, 31, 32]. Another aim of the correlational approach was to

determine whether greater locomotion in the OF, particularly after ethanol administration,

was associated with a lower anxiety response in the EPM or LDB. No associations were

found between these behaviors. These results further support the hypothesis that the motor-

activating effects of ethanol in the OF reflect a stimulant rather than an anxiolytic effect. In

other words, these results indicate that the OF is a valid assay for the measurement of

ethanol-induced stimulation. This information is valuable when considering that there has

been substantial controversy as to the validity of the test [12].

An important outcome was that adolescents that were treated with the highest ethanol dose

(3.25 g/kg) exhibited a significantly greater percent preference for ethanol than the

remaining groups when tested in a 24-h three-bottle choice test. Previous studies indicated

that ethanol is non-metabolically eliminated through perspiration, breath, salivation, and

urine [33], and that the perception of ethanol’s odor during the intoxication can alter

subsequent responsiveness to ethanol. A study [17] reported heightened ethanol intake and

orofacial responsiveness to ethanol in infant rats that were given 3.0 g/kg ethanol at the end

of the first week of life. A replication with slightly older animals on PD14-15 found ethanol

aversion [34]. The present study adds new information, indicating that adolescence may be a

developmental stage where chemosensory learning during ethanol intoxication leads to an

enhanced predisposition to ethanol intake.

The present study lacked a temporally precise measurement of intake (e.g. lickometer, or

more frequent measurements). It cannot be suggested, therefore, that animals ingested

enough ethanol to induce pharmacologically relevant blood alcohol concentrations. Under

the present circumstances it is more likely that ethanol intake was mainly driven by

orosensory (taste/odor) factors. We cannot exclude the possibility, however, that enhanced

ethanol drinking in the 3.25 g/kg group was driven by the negative effects of ethanol

hangover. Following the administration of 3.0–4.0 g/kg ethanol, adult rats exhibit rebound

hyperthermia [35], and adolescent but not adult rats exhibit alterations in slow-wave sleep

[36]. Although we did not measure or observe overt signs of withdrawal, higher ethanol

drinking in the present study may have been promoted by similar lingering aversive effects

of high-ethanol dosing.

Ethanol was offered in a low 1% sucrose solution. The enhanced preference in these

ethanol-treated animals may have reflected greater sucrose preference. However, this did not

appear to be the case. Animals that received 3.25 g/kg ethanol actually drank less sucrose

than the remaining animals. This indicates that the rewarding effect of sucrose or its value as

a caloric supplement were unrelated to the significantly greater ethanol intake in the 3.25

g/kg ethanol group. A decrease in the intake of a highly palatable sweet solution following

acute [37] or chronic [38] stress exposure has been considered to reflect a negative

emotional state (i.e., anhedonia). The combination of greater ethanol intake and the

suppression of sucrose consumption as observed in the present study resembles results found

in rats experiencing negative emotional states as a consequence of prolonged neonatal

maternal separation [38].
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The multivariate regression analysis in the present study significantly accounted for 22% of

the variability observed in ethanol intake scores in subjects that were drug-free during the

behavioral assessment. Rats with a higher frequency of rearing in the OF, higher percentage

of open arm entries in the EPM, and lower propensity to enter the central area of the OF

exhibited greater ethanol intake. Rearing in a novel environment has long been considered a

measure of exploratory behavior [40] that predicts the propensity to engage in the

consumption of ethanol [41] and other drugs [42]. Reduced exploration of the central area of

the OF likely reflects greater innate anxiety and, therefore, a higher predisposition to

consume ethanol as a way to mitigate this state [43]. The positive relationship between the

percentage of open arm entries and ethanol intake was unexpected. This variable, however,

may also reflect a higher level of risk taking or novelty seeking, which have been

consistently related to ethanol and drug intake [44, 45]. An intriguing study [46] found that

35-day old and 61-day old mice (referred to as juvenile and adults, respectively) exhibited,

as expected, open arm avoidance in an elevated plus-maze. In contrast, EPM exploration in

48-day old mice (referred to as adolescents) was evenly distributed between both arms. The

adolescents exhibited as much risk-assessment behaviors (i.e., stretched–attend posture

towards the open arm) as the other age groups. These data suggested that the adolescents

perceived the open space as anxiety inducing, yet they exhibited significant novelty seeking

that made them explore and spend time in the unprotected sections of the apparatus. The

study also indicated that, at certain ages, the EPM might be measuring novelty seeking

rather than anxiety and that measurement of multiple dependent variables helps understand

the psychobiological meaning of the test.

The percentage of open arm entries in the EPM and percent time spent in the central area of

the OF were selected to differentiate adolescents that remained ethanol-naive during the

behavioral tests into high-, medium-, and low-anxiety responders. Subjects that exhibited

relatively less time in the center of the OF were expected to consume and prefer

significantly more ethanol than their counterparts that exhibited more time in the center of

the OF. The anxiolytic effects of ethanol have been proposed to be one of the components

that mediate initial consumption of the drug by ameliorating the unpleasant states associated

with anxiety, fear, and stress [43, 47]. Such a result, however, was not observed. No

differences in ethanol intake were observed among groups classified based on a long or

short time spent in the center of the OF. With regard to the percentage of open arm entries in

the EPM and consistent with the positive association found in the multiple regression

analysis between this variable and ethanol intake, rats classified as high-anxiety responders

in the EPM (i.e., that exhibited a relatively lower number of OA entries) consumed

significantly less ethanol than rats that were classified as low- or medium-anxiety

responders in this apparatus.

The present results add to accumulating evidence that indicates that the relationship between

anxiety states and ethanol consumption yields complex and sometimes contradictory results.

An association between increased anxiety states and ethanol abuse has been inferred in

human studies [48] and animal studies [43, 49, 50], but several preclinical reports indicated

an opposite relationship [51, 52, 53]. For example, it has been found that selectively bred

low-anxiety behavior (LAB) rats drank more than high-anxiety behavior (HAB)
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counterparts [52]. Similarly, exposure to nociceptive stress in rodents has been found to

increase, decrease, or have no effect on ethanol intake [54].

Notably, the conditions under which the relationship between ethanol intake and anxiety was

investigated in rats have usually involved long-term ethanol self-administration [24, 55]. In

these studies, ethanol consumption and preference were not established until the animals

underwent several intake sessions, previously initiated drug intake [16, 56], or were exposed

to stress [57, 58, 59]. It has been suggested that animals require several intake sessions to

learn the anxiety-ameliorating effects of ethanol intake [60]. A caveat of the present study

was the use of a single 24-h intake test. Sensitivity to the drug would likely differ as a

function of innate anxiety only after several intake sessions. Animals were tested from post-

administration minute 5 to minute 19. The rationale for choosing this interval was that

ethanol’s stimulatory effects diminish over time; an effect that is more pronounced in rats,

which only exhibited ethanol-induced locomotor stimulation when tested during the rising

phase of the blood ethanol curve. By counterbalancing EPM and OF tests and restricting

tests to the first 20 min postadministration we aimed at minimizing the effects of time course

of intoxication on the expression of the drug’s motor effects. This confounding effect,

however, cannot be completely dismissed, particularly when interpreting the results of the

LDB test. This test was not counterbalanced and occurred at the end of testing, when it was

more likely that doses that initially produced an activating effect produced a depressant (or

weaker activating) effect. It is likely that the dose-response curve for the LDB test would

have been significantly different if the test had been conducted immediately after the

injection.

Despite previous studies that reported sex-related differences in ethanol intake [15] and the

stimulating effects of ethanol [39], the present results were fairly similar across males and

females. This study was conducted at the beginning of the adolescent stage. At PD28

adolescent-typical behaviors (e.g., increased socialization) are well established and striking

brain changes (e.g., pruning of dopamine receptors in mesolimbic areas) begin [61]. It has

been observed that ethanol exposure on PD28 increased ethanol intake during late

adolescence, but exposure on PD31 did not [16]. It seems that the earlier stages of

adolescence are critical periods in terms of sensitivity to alcohol and other drugs. It is

conceivable that testing this early during the adolescent stage could have accounted for the

lack of sex differences in the present study.

An important limitation of this study was the lack of automatic behavior recording in the

OF. A recent study [62] has presented a software-based system that provides high-

throughput in conjunction with detailed analysis of center vs. peripheral locomotion in the

OF. This system discriminates four different patterns of behaviors in the center area of the

arena. It can also be considered a limitation that the percentage of total variance explained

by the multiple regression model was relatively low (i.e., 78% of total variance remains

unexplained). It is noteworthy, however, that a significant prediction was achieved by a

model that incorporated only behavioral variables. Future studies should take advantage of

these findings and expand the model through the addition of neural, hormonal or genetic

predictors. Moreover, the percentage of total variance explained by the model was similar to
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that found in other studies that aimed at predicting ethanol intake as a function of behavioral

variables (e.g., [63]).

Overall, the present results provide new information about the effect of acute ethanol

administration on motor-stimulant and anxiety-related behaviors and consumption of the

drug. Ethanol exerts both stimulating and anxiolytic effects, and the present data support the

hypothesis that these effects are likely mediated by distinct underlying mechanisms for most

of the doses tested. High-ethanol administration exerts a potent stimulatory effect and

increases later ethanol preference. The stimulatory effect is reliably detected by the open

field test and seems to be unrelated to potential anxiolytic effects. Important new

information is that a significant amount of the variability in ethanol intake scores was

explained as a function of behavioral scores inherent to the OF and EPM. This result helps

characterize subpopulations of adolescents that may be at risk for initiating alcohol drinking.

This method could be used in future studies to differentiate between adolescents that quickly

engage in alcohol self-administration from those that maintain alcohol drinking low despite

similar levels of drug availability. The present model could be expanded and refined by the

addition of neural, hormonal and genetic predictors.
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Research Highlights

• Ethanol-induced motor activation in the open-field at 1.25, 2.5 and 3.25 g/kg

dose.

• Ethanol-induced anxiolysis in elevated plus maze at 0.5, 1.25 and 2.5 g/kg dose.

• At some doses ethanol-induced motor activation was independent of anxiolysis.

• Adolescents given 3.25 g/kg drank less sucrose and more ethanol than controls.

• Behavior in the OF, EPM and LDB explained 22% of ethanol intake scores.
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Figure 1.
Methods for the analysis of the relationship between ethanol-induced activity and anxiolysis in the open field (OF), elevated

plus maze (EPM), and light-dark box (LDB) in adolescent rats. On postnatal day 28, male and female rats were given ethanol

(0.5, 1.25, 2.5 or 3.25 g/kg; i.g.) or vehicle (0.0 g/kg, tap water) or simply remained untreated (UT). The latter group of animals

was removed from their homecage and underwent behavioral screening with no ethanol or vehicle intubations. Behavioral

testing began at post-administration time 5 minutes by gently placing the rat in the central platform of the EPM or central area of

the OF. Ten minutes after administration, the animals that were subjected to the EPM were then subjected to the OF, whereas

the animals that were first tested in the OF were gently placed on the central platform of the EPM. Half of the animals were

tested first in the EPM, and the remaining half were tested first in the OF. The animals remained in the corresponding apparatus

for 5 min and were then immediately tested for another 5 min in the LDB. Testing in the LDB began fifteen minutes after

administration.
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Figure 2.
Distance traveled in the open field (s) (panel A) and percent time spent in the center area of the open field (panel B) in 28-day-

old male and female adolescent rats as a function of ethanol treatment (0.0 [vehicle], 0.5, 1.25, 2.5, and 3.25 g/kg ethanol or

untreated [UT]). The rats were tested 5–9 min or 10–14 min post-administration. The data were collapsed across sex (male and

female) and order of testing. The ANOVAs indicated that, regardless treatment, locomotion scores and percent time spent in the

center were higher when the open field test occurred prior to the elevated plus maze test (EPM) than when testing occurred at

10–14 min following ethanol intubation, after termination of the EPM test. The sex factor did not exert a significant main effect

or interact with the remaining factors. The asterisk indicates a significant difference between a given group and the 0.0 g/kg

ethanol group. The pound sign indicates a significance difference between a given group and the untreated control group. The

vertical bars indicate SEM.
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Figure 3.
Upper panels: Open arm entries (%) (Figure A) in the elevated plus maze (EPM) in 28-day-old male and female adolescent rats

as a function of ethanol treatment. Total number of arm entries (Figure B) in the EPM in 28-day-old male and female adolescent

rats as a function of ethanol treatment. Lower panels: total frequency of open (Figure C) and closed (Figure D) arm entries in the

elevated plus maze in 28-day-old male and female adolescent rats as a function of ethanol treatment. All of the subjects were

tested 5–9 min or 10–14 min post-administration. Animals were administered 0.0 [vehicle], 0.5, 1.25, 2.5, or 3.25 g/kg ethanol

or were untreated [UT]). The data were collapsed across sex (male and female) and time of assessment (order of testing). The

ANOVAs indicated that the total number of arm entries, total number of open arm entries, and total number of closed arm

entries were higher when the EPM test occurred prior to the open field test (OF) than when testing occurred at 10–14 min

following ethanol intubation, after termination of the OF test. The sex factor did not exert a significant main effect or interact

with the remaining variables. The asterisk indicates a significant difference between a given group and the 0.0 g/kg ethanol

group. The pound sign indicates a significance difference between a given group and the untreated control group. The vertical

bars indicate SEM.
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Figure 4.
(Left panel) Total number of transitions between compartments and (Right panel) time spent in the bright area in the light-dark

box test in 28-day-old male and female adolescent rats as a function of ethanol treatment (0.0 [vehicle], 0.5, 1.25, 2.5, and 3.25

g/kg ethanol or untreated [UT]). All of the subjects were tested 5–9 min or 10–14 min post-administration. The data were

collapsed across sex (male and female) and order of testing. Across treatments, total number of transitions and time spent in the

bright compartment was greater when the animals were first tested in the open field than when they were first tested in the

elevated plus maze. The sex factor did not exert a significant main effect or interact with the remaining variables. The asterisk

indicates a significant difference between a given group and the 0.0 g/kg ethanol group. The pound sign indicates a significance

difference between a given group and the untreated control group. The ampersand sign indicates a significant difference between

adolescents treated with 3.25 g/kg ethanol and animals given 1.25 g/kg ethanol. The vertical bars indicate SEM.
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Figure 5.
(Left panel) Ethanol consumption (g/kg/24h) and (Right panel) preference (%) in 29-day-old male and female adolescent rats as

a function of ethanol treatment received on PD28 (0.0 [vehicle], 0.5, 1.25, 2.5, and 3.25 g/kg ethanol or untreated [UT]). After

behavioral screening on PD28, all of the animals underwent a 24-h ethanol intake test, in which they had simultaneous access to

three 25-ml graduated glass tubes filled with tap water, 1% v/v sucrose, or 5% v/v ethanol. The data were collapsed across sex.

The sex factor did not exert a significant main effect or interact with the remaining variables. The asterisk indicates a significant

difference between a given group and the 0.0 g/kg ethanol group. The vertical bars indicate SEM.
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Figure 6.
Ethanol consumption (g/kg/24h) and preference (%) in control subjects (n = 80; animals given 0.0 g/kg ethanol or untreated

during behavioral assessment) classified as high-, medium-, or low-anxiety responders (HA, MA, and LA, respectively). The

selection criteria resulted from the use of a quartile-split procedure for the percentage of open arms entries in the elevated plus

maze. The sex factor did not exert a significant main effect or interact with the remaining variables. The asterisk indicates a

significant difference between the LA and MA groups and the HA group. The vertical bars indicate SEM.
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Table 2

Multiple regression (MR) results. Variables were simultaneously added into the model. The regular and

adjusted multiple correlation coefficient (R2 and R2a) indicate the percent of variance explained; and the

adjusted version decreases with the number of predictive variables introduced in the equation. Significant

effects (p<0.05) at the individual or multivariate levels are indicated in bold.

Variables entered

Dependent variable: Ethanol intake (g/kg)
R2 = 0.22, Adjusted R2 = 0.14, p < 0.01.

Beta t P level

Frequency of rearing in OF 0.25 2.31 0.02

Forward Locomotion in OF −0.07 −0.64 0.52

Time in the center of OF (%) −0.26 −2.49 0.02

Locomotion in EPM −0.01 −0.08 0.94

Open arm entries in EPM (%) 0.23 2.14 0.03

Locomotion in LDB −0.19 −1.58 0.12

Time spent in the bright area of LDB 0.18 1.60 0.11

Variables entered

Dependent variable: sucrose intake (ml/100 g)
R2 = 0.07, Adjusted R2 = −0.02, p > 0.50.

Beta t P level

Frequency of rearing in OF −0.21 −1.82 0.07

Forward Locomotion in OF 0.05 0.39 0.70

Time in the center of OF (%) −0.02 −0.20 0.84

Locomotion in EPM 0.09 0.72 0.47

Open arm entries in EPM (%) 0.05 0.38 0.71

Locomotion in LDB 0.13 1.08 0.28

Time spent in the bright area of LDB 0,05 0.44 0.66
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