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Abstract

The aim of this study was to investigate the effects of genetic, sex, and early environmental factors on the voluntary alcohol intake in

Wistar rats. Genetic correlates were examined by comparing animals pharmacogenetically selected for high susceptibility to apomorphine

(APO-SUS) with animals selected for low susceptibility (APO-UNSUS). Early environmental factors were investigated through postnatal

manipulations (cross-fostering in APO-SUS and maternal deprivation in APO-UNSUS). Voluntary alcohol intake was measured using a two-

bottle, free-choice protocol, in which animals could choose either water or an ascending series of alcohol concentrations every second day.

Genetic correlates were only observed in male rats, with APO-UNSUS animals consuming more alcohol than APO-SUS animals. No effect

of the early postnatal manipulations was detected: neither cross-fostering nor maternal deprivation influenced the voluntary alcohol intake.

As for the influence of gender on ethanol self-administration, APO-SUS females consume more alcohol than APO-SUS males, while no sex

differences were observed in APO-UNSUS animals. D 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

It has long been accepted that genetic factors are

important in the etiology of alcoholism. As early as

1960, Kaij [16] reported that identical twin pairs show

significantly greater similarities when it comes to social

problems with alcohol than fraternal twins. Ever since,

many studies have been performed using various methods

and the evidence is fairly consistent that genetic variation

contributes to individual differences in alcohol abuse or

dependence. In addition to human twin studies, animal

models have been developed. McClearn and Rodgers [22]

were one of the first to show that genes affect the intake of

alcohol in mice. Since then, selective breeding experiments

have demonstrated that the voluntary intake, the sensitiv-

ity, and the withdrawal from alcohol are under genetic

control (see Ref. [24] for an overview of alcohol-related

selected lines).

The development of molecular techniques, particularly

targeted gene disruption (knockout), have shed more light

on the neurobiological substrates that are involved in the

distinct stages that lead to alcohol abuse or dependence.

Since dopaminergic transmission plays a crucial role in

the mediation of rewarding properties of drugs of abuse,

including alcohol (see, among others, Ref. [17]), dopa-

mine receptor subtypes have been a focus of the targeted

gene disruption method. Results from knockout studies

suggest the involvement of both the dopamine D1 and D2

receptors in alcohol-seeking behavior. Mice lacking either

the D1 or the D2 receptor show reduced levels of

voluntary alcohol intake [7,23].

The first aim of this paper is to expand on the

association between dopamine receptors and voluntary

alcohol intake (or, more technically, ethanol self-adminis-

tration), and to investigate whether rat lines that differ in

dopaminergic neurotransmission also differ in alcohol

consumption. The lines in this study were bidirectionally

selected for susceptibility to apomorphine, a dopamine
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agonist that acts on both the D1 and D2 receptors, but

primarily on the latter. Selective breeding has resulted in

a rat line susceptible to apomorphine (APO-SUS, with

high stereotyped gnawing scores) and a line unsusceptible

to apomorphine (APO-UNSUS, with low stereotyped

gnawing scores) [5]. It is important to emphasize that

APO-SUS and APO-UNSUS were selected from an

outbred Wistar population and are therefore, as opposed

to knockouts, not artificially created mutants. The APO-

SUS and APO-UNSUS selected lines represent the

extremes of naturally occurring variation in dopaminergic

activity. Moreover, susceptibility to apomorphine is not

the only difference between these lines. They vary for

many neurobehavioral, pharmacological, and endocrinolo-

gical variables (see Ref. [6]), in such a consistent manner

that one can only conclude that each line is marked by its

own specific structure, function, and reactivity of brain

and body [5,6].

One of the fundamental behaviors in which the APO-

SUS and APO-UNSUS lines differ is their reaction to

novelty. APO-SUS animals show a robust response when

first exposed to an open field, continuing their exploratory

behavior for some length of time, which results in long

distances traveled and long habituation times. APO-

UNSUS, on the other hand, start exploring the novel

environment but stop exploring much sooner, which results

in short distances traveled and short habituation times.

Previous experiments in our laboratory have demonstrated

that male Wistar rats initially classified as high responders

to novelty (HR) drink less alcohol than those classified as

low responders to novelty (LR) [14]. Accordingly, given

the association between response to novelty and apomor-

phine, along with the association between response to

novelty and alcohol preference, we hypothesize that

APO-SUS males will consume less alcohol than APO-

UNSUS males.

Environmental factors are also important in the develop-

ment of voluntary alcohol intake. For instance, social

housing conditions, such as crowding and isolation increase

alcohol consumption in animals. Relatively little research

has addressed early life events, especially the effects of the

maternal environment on alcohol preference later in life.

The maternal environment has elicited attention with respect

to fetal alcohol syndrome, in which behavioral and cogni-

tive deficits result from continuous alcohol exposure during

gestation and lactation. However, the maternal environment

has not often attracted attention as a source of variation

itself. Hence, the second aim of this study was to investigate

the effect of the maternal environment on voluntary alcohol

intake. Toward this end, we manipulated the maternal

environment of newborn rats and measured alcohol self-

administration of the same rats at adult age. We performed

two distinct experiments: one in APO-SUS, another one in

APO-UNSUS. In the first experiment, we fostered APO-

SUS litters to APO-UNSUS mothers (cross-fostering). In

addition to a normal control group, which was left undis-

turbed at birth, an extra group was added in which APO-

SUS litters were in-fostered (litters were moved to another

mother who was also from the APO-SUS selected line). In

the second experiment, APO-UNSUS litters were taken

from their mother for 24 h at day 9 of age (maternal

deprivation). This two-sided procedure (cross-fostering in

one line, maternal deprivation in the other) has been shown

to influence the original selection criterion, i.e., the suscept-

ibility to apomorphine. That is, APO-SUS rats are sensitive

to cross-fostering but not to maternal deprivation; conver-

sely, APO-UNSUS animals are sensitive to maternal depri-

vation, but not to cross-fostering. We hypothesize, therefore,

that cross-fostering increases alcohol preference in APO-

SUS rats, whereas maternal deprivation decreases alcohol

preference in APO-UNSUS rats [9].

The third aim of this study is to examine whether

female rats drink the same amount of alcohol as males.

More importantly, do the expected differences between

APO-SUS and APO-UNSUS males also apply for APO-

SUS and APO-UNSUS females, or is the genetic variation

gender-specific? Furthermore, do the early postnatal

manipulations produce similar results in males and in

females? To answer these questions, females were included

in all experiments.

Voluntary alcohol intake was measured as described

previously [14]. Briefly, starting with a 2% alcohol solution

in a two-bottle, free-choice paradigm, every second day the

alcohol concentration was increased by 1%, up to 10%,

inclusive. In between drinking days, animals were exposed

to water only. Similar to alcohol deprivation, alternate day

access increases voluntary alcohol intake in rats.

2. Materials and methods

2.1. Housing

All animals were born and bred in the Central Animal

Laboratory of the Catholic University of Nijmegen. After

weaning at day 28, they were housed in groups of two to

three in Macrolon cages (40� 25 cm), in temperature-

controlled rooms with a standard 12:12-h L/D cycle (lights

on at 0700 h). Food (Standard lab chow; RMH-B, Hope

Farms) and water were available ad libitum. All experiments

were performed in accordance with national laws and

institutional guidelines.

2.2. Pharmacogenetic selected lines

Both the APO-SUS and APO-UNSUS originated from

the 27th to 28th generation of selection (see Ref. [5] for the

original selection procedure). Briefly, all males and females

from a given generation were submitted to the apomorphine

test and the mean gnawing score per gender and litter was

determined. Out of the four highest APO-SUS litters, the

nine highest scoring males and females were selected for the
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next generation (gnawing scores > 500/45 min). Likewise,

out of the four lowest APO-UNSUS litters, the nine lowest

scoring males and females were selected for the next

generation (gnawing scores < 10/45 min). This procedure

led to the rapid selection of APO-SUS and APO-UNSUS

animals. The apomorphine test consisted of an injection of

1.5 mg/kg, sc, and subsequent testing for stereotyped

gnawing behavior in a `gnawing' box [5]. To avoid possible

effects of apomorphine on alcohol-seeking behavior, ani-

mals were not tested for their apomorphine susceptibility in

this study.

2.3. Alcohol procedure

Each animal was individually housed and acclimatised to

the drinking room for 1 week prior to the start of the

experiment. Fluids (50-ml bottles) were presented to the

animals in plastic cylinders mounted on top of each cage.

Initially, rats were presented with tap water in both tubes for

5 days. In a two-bottle, free-choice, and continuous-access

paradigm, animals were maintained on a schedule of alter-

nate-day presentation of ethanol. Ethanol solutions were

prepared by mixing 96% ethanol with tap water (v/v). On

the first test day, a 2% ethanol solution was presented (in a

free choice with water). Ethanol solutions were increased by

1% every alternate day, up to 10% inclusive. Water only was

presented in both tubes on intervening days. The position of

the tubes containing ethanol and water were altered in order

to control for position bias. Fluid consumption and body

weights were measured daily. Two measures of voluntary

alcohol intake were determined. First, the relative intake of

alcohol was calculated by counterbalancing the absolute

intake for weight differences. Second, the preference of

alcohol to water was calculated by dividing the alcohol

intake by the total fluid intake (alcohol plus water).

2.4. Early postnatal manipulations

As mentioned in Section 1, the cross-fostering procedure

was applied to APO-SUS animals while maternal depriva-

tion took place in APO-UNSUS animals. Three APO-SUS

groups were tested for their voluntary alcohol intake: con-

trol, in-fostered, and cross-fostered animals. All litters were

culled to eight animals within 24 h after parturition, pre-

ferably, four males and four females. Control litters were left

undisturbed after culling, while in-fostered and cross-fos-

tered litters were moved to a different (nonbiological)

mother immediately after culling. In-fostered litters were

moved to an APO-SUS mother, cross-fostered litters to an

APO-UNSUS mother. Thus, while the comparison between

control and in-fostered groups gives information about the

fostering effect per se, the comparison between in-fostered

and cross-fostered animals is informative about the effect of

the maternal environment (APO-SUS vs. APO-UNSUS).

For a detailed description of the cross-fostering procedure,

see Ref. [3]. Each group consisted in 9±13 animals per

gender. Control animals originated from six litters, and

consisted of 11 males and 13 females. In-fostered animals

came from five litters, and consisted of 12 males and 11

females. Cross-fostered animals came from six litters, and

consisted of 10 males and 9 females. At the start of the

experiment, the average weight of the APO-SUS males

varied from 265 g (cross-fostered) to 276 g (control), and

302 g (in-fostered). Control, in-fostered, and crossfosterd

female APO-SUS weighed, on average, 191, 197, and 210

g, respectively. The test age of the animals varied from 9 to

12 weeks.

Similar to cross-fostering, animals in the maternal

deprivation experiment were also culled to eight animals

(within 24 h after parturition). Mothers were removed from

the cages at postnatal day 9 (birth being postnatal day 0).

Previous experiments have shown that maternal depriva-

tion on this day produces the strongest effects in the

Nijmegen Wistar population, from which APO-SUS and

APO-UNSUS were selected [10]. Twenty-four hours later

they were put back [8]. Litters were kept in their home

cage at room temperature (22 � 2°C). A total of 9±14

animals of each sex were tested at the age of 9±12 weeks.

Fig. 1. Ethanol preference and intake in pharmacogenetically selected

male APO-SUS and APO-UNSUS rats. Represented are means and

standard errors.
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Control animals originated from nine litters, and consisted

of 14 males and 12 females; while maternally deprived

animals came from five litters, and consisted of 11 males

and 9 females. At the start of the alcohol experiment, the

average weight of the APO-UNSUS males varied from

251 g (control) to 253 g (maternally deprived). Control

and maternally deprived female APO-UNSUS weighed, on

average, 169 and 165 g, respectively.

Not all animals from each litter (both APO-SUS and

APO-UNSUS) were used for this study. Each group

(defined as same sex animals that underwent the same early

postnatal treatment) consisted of five or more litters. It is,

therefore, unlikely that litter effects, which may be indepen-

dent of maternal effects or random genetic variability within

the APO-SUS and APO-UNSUS, account for possible

treatment effects.

2.5. Statistical analysis

To test whether APO-UNSUS males consumed more

alcohol than APO-SUS males (first hypothesis), we com-

pared both `alcohol' variables (preference and intake) using

a one-way repeated ANOVA with alcohol concentration as

the repeated measure, and genotype as the fixed factor. A

similar ANOVA was applied to data from the APO-SUS and

APO-UNSUS females. In addition, a two-way repeated

measures ANOVA with alcohol concentration as the

repeated measure, and genotype and sex as fixed factors

was applied. Both factors had two levels (genotype: APO-

SUS and APO-UNSUS; sex: male and female). Only con-

trol animals were included in this analysis.

The effects of early postnatal experiences were analyzed

using a two-way repeated ANOVA with alcohol concentra-

tion as the repeated measure and treatment and sex as the

fixed factors. Similar to the analysis of the control animals,

two dependent variables were analyzed: preference to alco-

hol and the relative consumption of alcohol. Data were

analyzed separately for APO-SUS and APO-UNSUS rats, as

both lines received different postnatal treatments. The ana-

lysis of the APO-SUS results was performed in two steps.

First, the data were compared in a two-way ANOVA with

alcohol concentration as the repeated measure and treatment

and sex as the fixed factors (treatment having three levels:

control, in-fostered, and cross-fostered). Second, if statisti-

cally significant treatment effects occurred, a more detailed

analysis was performed. On one side, the influence of the

fostering per se was determined by means of comparing

control to in-fostered animals. On the other side, the effect

of the maternal environment was resolved through compar-

ison of in-fostered to cross-fostered animals. The analysis of

Fig. 2. Ethanol preference and intake in control, in-fostered, and cross-fostered APO-SUS males (upper panel); and control and maternally deprived APO-

SUS males (lower panel). For a description of the fostering and maternal deprivation procedure (abbreviated MD), see text. Represented are means and

standard errors.
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the APO-UNSUS animals was more straightforward since

the treatment factor consisted of just two levels: control and

maternal deprivation.

3. Results

3.1. Control animals

A one-way repeated ANOVA revealed that, as expected,

male APO-UNSUS rats consumed more alcohol than

APO-SUS rats (preference: F(1,23) = 3.4; P < .05; intake:

F(1,23) = 4.2; P < .05; see Fig. 1). Female APO-UNSUS

animals, however, did not differ from female APO-SUS

animals. Furthermore, the within-subject analysis showed

that in both males and females, the preference for alcohol

decreased as the alcohol concentrations increased (males:

F(8,184) = 13.2; P < .001; females: F(8,184) = 27.6;

P < .001). This effect was not found for alcohol intake and

was independent of the genotype.

Surprisingly, a two-way ANOVA on all `control' data

did not find an interaction effect between sex and geno-

type. It did, however, reveal a genotype effect per se with

APO-UNSUS animals showing a higher alcohol intake

than APO-SUS animals ( F(1,46) = 2.7; P = .05). Also, both

alcohol variables changed as the alcohol concentrations

increased (preference: F(8,368) = 37.2; P < .001; intake:

F(8,368) = 2.8; P < .01). No interaction with genotype or

sex was observed.

3.2. Fostering in APO-SUS animals

A two-way repeated ANOVA in APO-SUS animals

yielded two significant results. First, similar to control

animals, both preference and intake changed as the alcohol

concentrations increased (preference: F(8,480) = 62.1;

P < .001; intake: F(8,480) = 3.7; P = .001). Second, we

found a main effect for sex: females drank more than males

(preference: F(1,60) = 9.7; P < .01; intake: F(1,60) = 18.2;

P < .001). The results of the cross-fostering experiment are

in the upper panel of Fig. 2. For the sake of comparison

(Fig. 1), only male values are depicted.

3.3. Maternal deprivation in APO-UNSUS animals

Maternally deprived animals did not differ from control

animals, neither for alcohol preference nor for consump-

tion levels. This held true for both males and females (see

Fig. 2, lower panel). While the relative intake remained

stable, the preference for alcohol decreased as the alcohol

concentrations increased ( F(8,336) = 33.9; P < .001).

3.4. All-in-all analysis

Since both postnatal manipulations did not affect ethanol

self-administration, all groups were pooled to increase

power and subsequently analyzed in a two-way repeated

measures ANOVA with genotype and sex as fixed factors,

and alcohol concentration as the repeated measure. The

results confirmed what we already expected, but there was

a significant interaction between genotype and sex for both

alcohol variables (preference: F(1,108) = 6.7; P < .05;

intake: F(1,108) = 5.2; P < .05). When the data were ana-

lyzed by genotype, it appeared that APO-SUS males con-

sumed less alcohol than APO-SUS females (preference:

F(1,64) = 10.3; P < .01; intake: F(1,64) = 18.7; P < .001),

while no sex difference was found in APO-UNSUS animals.

When the data were analyzed by sex, the results were

similar to the outcome of the control data: only males

showed a genotypic difference with APO-SUS animals

consuming less alcohol than APO-UNSUS animals (pre-

ference: F(1,56) = 6.2; P < .05; intake: F(1,56) = 12.2;

P = .001). Furthermore, both preference and intake changed

as the alcohol concentrations increased (preference:

F(8,864) = 93.7; P < .001; intake: F(8,864) = 4.6; P < .001).

No interactions between alcohol concentration and genotype

and/or sex were detected. Fig. 3 summarizes the results of

the all-in-all analysis.

Fig. 3. Ethanol preference and intake in male and female APO-SUS and

APO-UNSUS animals (mean � standard error). Groups were pooled per

genotype and sex (see `all-in-all' analysis for more details).
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4. Discussion

The first purpose of this study was to examine whether

rat lines genetically selected for high (APO-SUS) and low

(APO-UNSUS) susceptibility to the dopamine agonist apo-

morphine also differ in their voluntary alcohol intake. Based

on previous findings in similar rat types (HR and LR, see

Section 1), we hypothesized that male rats selected for low

susceptibilities to apomorphine (APO-UNSUS) drink and

prefer more alcohol than male rats selected for high suscept-

ibilities to apomorphine (APO-SUS). The results support

our hypothesis, and strengthen the theory that the variation

in drugs of abuse, in this case ethanol self-administration, is

one of the more profound differences between the two

extremes of a rodent population.

The question remains why one type of animal (APO-

UNSUS or LR) drinks more alcohol than the other type

(APO-SUS or HR). Different levels of interpretation can be

used to answer this question. For instance, a behavioral

explanation for the difference in ethanol self-administration

may be that APO-UNSUS rats consume more alcohol

because they are more anxious than APO-SUS (unpublished

results). Anxiety has been proposed to be an important

factor in the initiation of alcohol consumption because it

reduces the tension in anxious or stressed organisms [30]. A

neurochemical explanation may be that differences in alco-

hol consumption are related to differences in dopaminergic

transmission or dopamine receptor level. Particularly the D2

receptor subtype, which is the main target in the selection

procedure for APO-SUS and APO-UNSUS, has been the

object of many studies. For instance, studies in other

selected lines have demonstrated that the predisposition to

drink excessive amounts of alcohol is associated with low

dopamine D2 receptor densities and low mesolimbic dopa-

minergic activities [21,31]. Although APO-UNSUS males

have lower D2 receptor densities in the striatal projection

area of the substantia nigra and in the tubero-infindibular

system than APO-SUS males, D2 receptor levels in the

mesolimbic pathway are similar [27]. An interesting finding

in this respect is the phenomenon that wild-type and

heterozygous knockouts for the D2 receptor drink similar

amounts of alcohol, suggesting that merely a large reduction

in D2 receptors affects ethanol self-administration [23]. An

alternative interpretation for the difference in alcohol intake

between APO-SUS and APO-UNSUS males is that these

lines vary in taste, rather than the post-ingestive effects of

alcohol. Generally, alcohol consumption in these lines was

low, suggesting that blood alcohol levels never reached a

pharmacologically effective dose range, and could, there-

fore, never be reinforcing. In fact, APO-SUS males avoided

the ascending series of alcohol solutions before APO-

UNSUS males did, implying a difference in the response

to the aversive properties of increasing alcohol concentra-

tions. This finding is not consistent with previous experi-

ments in HR and LR rats [13]. HR and LR rats were found

to be either equally sensitive to the aversive properties of a

0.01% quinine solution, or differed in a direction opposite to

the current results, with LR rats showing greater sensitivity

to the aversive qualities of a 15% sucrose solution. Theore-

tically, it is possible that the difference in alcohol intake

between the APO-SUS and APO-UNSUS lines is due to the

random fixation of alleles (genetic drift) rather than to the

alleles affected by selective breeding. In other words,

differences in dopaminergic activities may be spuriously

related to variation in voluntary alcohol intake. This is

unlikely, however, given the differences in alcohol con-

sumption between the comparable HR and LR rats.

The second conclusion from this study is that, in

contrast to our expectations, neither maternal deprivation

nor cross-fostering influence the voluntary alcohol intake

in these selection lines. As already mentioned in Section 1,

early postnatal manipulations have rarely been used in

studies on alcohol intake. To our knowledge, cross-foster-

ing has only been used once to study the voluntary alcohol

consumption in rodents [25]. It appeared that when mice

from an alcohol avoiding strain (DBA) were raised by

mothers from an alcohol preferring strain (C57BL), they

drank twice as much alcohol as did nonfostered DBA

mice. The reciprocal procedure showed no effects: C57BL

mice raised by DBA mother consumed similar amounts of

alcohol as did nonfostered C57BL mice. In humans,

however, the equivalent of cross-fostering, the adoption

design, is frequently applied. In adoption studies, traits in

adoptees are compared with those in both their biological

and adoptive relatives. One of the more influential studies

on adoption data extended and reanalyzed existing data,

and by using sophisticated multivariate statistics, Cloninger

et al. [4] proposed the existence of two subtypes of

alcoholism. Type I occurs both in men and women, and

is characterized by mild adult-onset abuse and influenced

by both genetic and environmental factors. Type II, on the

other hand, is limited to males, marked by teenage onset

and has a strong genetic component.

So far only two studies have systematically examined the

effect of maternal deprivation on voluntary alcohol intake in

rodents and both with conflicting results. The results of

Hilakivi Clarke et al. [15] are in agreement with our

findings. They did not find an effect on voluntary alcohol

intake in animals separated from their mother for 1 h daily

from day 5 to day 20, inclusive. Rockman et al. [26],

however, observed that rats that were weaned early at day

16 consumed more alcohol than rats weaned later in life.

One major drawback in comparing rodent studies on the

effects of maternal deprivation is methodology, particularly,

the timing and duration of the maternal deprivation. Never-

theless, a recent study on monkeys underlined the impor-

tance of maternal separation on alcohol consumption.

Rhesus macaques separated from their mothers at birth

drink more alcohol at adult age than those that remain with

their mothers [11]. They also showed higher cortisol levels

in response to stress, which has been suggested to be a

marker for alcohol abuse and dependence, but which does
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not fit the data on our selection lines. That is, APO-SUS

male rats exhibit higher and prolonged plasma ACTH and

corticosterone than APO-UNSUS rats after exposure to a

novel environment [28].

Early postnatal events are influential factors in the onto-

geny of other features of the two fundamentally different rat

characters. For instance, the genetic predisposition to period-

ontitis, which is a destructive inflammatory disorder caused

by inappropiate immune reactions, can be completely

reversed by maternal deprivation and cross-fostering. Nor-

mally, APO-SUS animals develop more fiber and bone loss,

i.e., periodontal breakdown, than APO-UNSUS animals.

However, cross-fostering reverses an APO-SUS animal into

an APO-UNSUS, while, conversely, maternal deprivation

changes an APO-UNSUS into an APO-SUS [29].

Female APO-SUS and APO-UNSUS drink similar

amounts of alcohol, a result not expected from previous

experiments on other correlates in these lines [29].

Together with the absence of effects of early postnatal

manipulations, these findings suggest that neither manip-

ulations during the early postnatal period (i.e., cross-

fostering and maternal deprivation) nor genetic influence

(i.e., selective breeding for high and low dopaminergic

activity) act upon voluntary alcohol intake in the female

Nijmegen Wistar population. We can only speculate on

which factors affect the individual variation in alcohol-

seeking behavior in females of this outbred rat population.

It seems unlikely that within-group differences in hormonal

levels in females increase the variation in the trait under

investigation to such an extent that between-group differ-

ences are below detection. After all, measuring ethanol

self-administration takes 18 days (more or less four estrous

cycles) and individual differences will therefore be less

affected by hormonal changes. Hence, a different explana-

tion seems necessary to explain individual variation.

Genetically, allelic variation in genes other than those

affecting dopaminergic activity, e.g., serotonergic or nora-

drenergic activity, might affect voluntary alcohol intake.

Our findings suggest, however, that this genetic variation

is equal across the APO-SUS and APO-UNSUS rat lines.

Another explanation is the importance of time points other

than the early postnatal period. The early postpubertal

period, for example, has been shown to be critical in the

development of alcohol consumption in females [19].

Variation in estrogen and progesterone among females

may lead to qualitative and quantitative differences in

steroid-responsive receptors, which, in turn, may modulate

the variation in voluntary alcohol intake.

The general finding that female rats consume more

alcohol than male rats (see, among others, Ref. [20]) is

only observed in APO-SUS animals. Various hypotheses

have been put forward to explain gender differences in

alcohol intake in rats. Hormonal variation might be respon-

sible [1,19], but differences in the brain are probably the

most important source of variation in determining sex

differences in ethanol self-administration [18]. Particularly,

the release of dopamine in the nucleus accumbens has been

associated with variation in alcohol consumption in male

and female rats [2]. However, the problem remains why this

sex difference in ethanol self-administration in rodents is

only apparent in one line. In fact, a meta-analysis of the

different experiments in this study, with only genotype and

sex as discriminative factors, confirmed and emphasized

what is already visible in the control lines: the APO-SUS

males are the exception. They consume less alcohol than the

other three groups. An explanation might be sex-specific

genetic differences. In this regard, a recent study on recom-

binant inbred mice is noteworthy, where female-specific

quantitative trait loci were observed [12]. Clearly, further

research is needed to elucidate this strain- and sex-specific

difference in APO-SUS and APO-UNSUS.

In conclusion, male rats genetically selected for low

susceptibilities to apomorphine (APO-UNSUS) consume

more alcohol than male rats genetically selected for high

susceptibilities to apomorphine (APO-SUS). Neither cross-

fostering in APO-SUS, nor maternal deprivation in APO-

UNSUS animals, affects this difference in drinking beha-

vior. Sex differences are restricted to APO-SUS animals,

where females drink more than males.
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