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Abstract 
The Roman high- (RHA) and low-Avoidance (RLA) rats were selectively bred for rapid vs poor ac- 
quisition of two-way active avoidance behavior. These lines differ in numerous behavioral traits, 
with RLA rats being more fearful/anxious than RHA rats, and the latter being novelty-seekers and 
showing larger intake of, and preference for, addictive substances including ethanol (ETH). More- 
over, several differences in central dopaminergic, serotonergic, and GABAergic functions have 
been reported in these two lines. Since those neural systems are involved in the regulation of ETH 
consumption, it was considered of interest to investigate: 1) the differences in ETH intake and 
preference between RHA and RLA rats, 2) the effects of ETH on DA release in the shell of the nu- 
cleus accumbens (AcbSh) using brain microdialysis. ETH solutions of increasing concentrations (2% 
- 10%) were presented on alternate days in a free choice with water. To examine ETH intake and 
preference stability, animals were subsequently switched to daily presentations of 10% ETH for 10 
consecutive days. RHA rats consumed significantly larger amounts of ETH and displayed higher ETH 
preference than did RLA rats throughout the acquisition and maintenance phases. Following chronic 
exposure to ETH the animals were habituated to a restricted access to ETH schedule (2% ETH, 2 h 
per day × 4 days) before surgical implantation of a dialysis probe in the AcbSh. Under these expe- 
rimental conditions, voluntary ETH intake (2%, 1 h, p.o.) produced a significant increase in ac- 
cumbal DA output in RHA rats but not in their RLA counterparts. Finally, the i.p. administration of 
ETH (0.25 g/kg) to naïve Roman rats produced a significant increment in accumbal DA output only 
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in RHA rats. These results indicate that the mesolimbic dopaminergic system of RHA rats is more 
responsive to the effects of ETH than that of RLA rats. 
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1. Introduction 
Although non selected outbred Wistar rats and heterogeneous stock rats (e.g., N/Nih) drink relatively small 
amounts of ethanol (ETH) voluntarily, considerable inter individual differences in the amounts of ETH con- 
sumed by these rats have been observed [1] [2]. Taking advantage of such differences, some of which may be 
genetically determined, efforts have been made to develop animal models for studying the influence of genetic 
and environmental factors on the neural substrates of alcoholism. In this context, a frequently employed strategy 
is based on the selective breeding of rodent strains and lines, such as the Alcohol preferring (P) [3], Alcohol- 
accepting (Alko Alcohol-AA) [4], and Sardinian alcohol-preferring (sP) rats [5] that voluntarily consume up to 
10 times more ETH as do non selected outbred rats. On the other hand, high alcohol drinking has also been ob- 
served in rats selectively bred for traits that are unrelated to any of the major traits of alcoholism [6] [7]. The 
Roman high-(RHA) and low-avoidance (RLA) rats, which were selected and bred for respectively rapid vs poor 
acquisition of two-way active avoidance behavior in a shuttle box [8] [9], are an example of fortuitous selection 
for differential ETH consumption. Thus, there is considerable evidence that RHA rats drink significantly more 
ETH than RLA rats [10]-[12]. Numerous studies have consistently demonstrated that behavioral traits related to 
emotionality/fearfulness, rather than learning abilities, are involved in the different performance of the Roman 
lines in the shuttle-box. Thus, in behavioral paradigms used to assess emotionality/fearfulness in rodents, RHA 
rats are less responsive to stress than RLA rats, show a proactive coping style and tend to be impulsive and sen- 
sation/novelty seekers [13]-[18]; in contrast, RLA rats adopt a reactive coping style [19]-[24] and display a ro- 
bust activation of the hypothalamus-pituitary-adrenal (HPA) axis [25]-[27]. Line-related differences are also 
observed in the response to rewarding stimuli, with RHA rats showing a greater intake of saccharin and ethanol 
under free choice conditions [10], a more robust activation of the mesolimbic dopaminergic system following 
the administration of different drugs of abuse [28] [29], as well as an increased ability to acquire intravenous 
cocaine self-administration and to reinstate drug-seeking behavior upon long term extinction [30]. 

Two alternative hypotheses may be proposed to explain why the above mentioned wide variety of selected rat 
lines/strains [1] [4] [5] [10] voluntarily consume large amounts of ETH: 1) ETH-preferring rats drink large 
amounts of ETH because they are innately anxious and the consumed ETH acts as an anxiolytic, and 2) they 
consume ETH because of a dysfunctional brain reward system such that they lose control of the intake of ETH 
and other addictive substances as well. Interestingly, there is experimental evidence in support of both hypo- 
theses. For instance, it has been reported that sP rats are innately anxious and drink ETH because of its anxi- 
olytic effect [31] [32]. On the other hand, it is well known that most addictive substances, including ETH, share 
the ability to increase DA output in the nucleus accumbens (Acb) [33]-[35], and this effect is more robust in the 
medioventral shell subregion of this nucleus (AcbSh) than in the dorsolateral core (AcbC) [36]. In line with the 
second hypothesis, the intraperitoneal (i.p.) administration of ETH induces a more robust increase of DA output 
in the AcbSh of ETH-preferring University of Chile bibulous (UChB) than ETH-avoiding University of Chile 
Abstainer (UChA) rats [37]. 

On the bases of the experimental evidence described above, we predicted that the consumption of large 
amounts of ETH by RHA rats would induce a more robust activation of the mesolimbic dopaminergic projec- 
tions in this line as compared with their RLA counterparts, who drink very little ETH voluntarily despite their 
high level of anxiety. To test this hypothesis we used brain microdialysis to measure the effect of the voluntary 
consumption of ETH or water on DA output in the AcbSh of RHA and RLA rats upon chronic exposure to ETH 
in a free choice with water. In addition, we investigated the effect of the intraperitoneal (i.p.) injection of ETH at 
the dose of 0.25 g/kg on the accumbal efflux of DA in both lines. 
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2. Materials and Methods 
2.1. Animals 
Outbred RHA and RLA rats (body weight 460 - 520 g) from the colony established in 1998 at the University of 
Cagliari, Italy, were used throughout (for a detailed description of the selective breeding procedure, see [38]). 
Animals were housed in groups of 4 per cage and were maintained in a temperature- and humidity-controlled 
environment (23˚C ± 1˚C and 60% ± 10%, respectively) and under a 12 h light-dark cycle (lights on at 8:00 
a.m.). Unless otherwise indicated, standard laboratory food (Mucedola, Milan, Italy) and water were available 
ad libitum. 

All the procedures were performed in accordance with the guidelines and protocols approved by the European 
Union (2010/63/EU; D.L. 27.01. 1992, NO.116) and by the Ethical Committee for Animal Care and Use of the 
University of Cagliari. Every possible effort was made to minimize animal pain and discomfort as well as the 
number of experimental subjects used.  

2.2. Ethanol Consumption Studies 
Sixteen RHA and sixteen RLA rats were individually housed in Plexiglass cages (42 cm × 27 cm × 15 cm, L × 
W × H) equipped with a wire lid. Throughout the experiments, animals had continuous access to either water or 
ETH contained in two graduated plastic bottles (100 ml capacity) mounted on the front of the cages. Each bottle 
had a metallic sipper tube equipped with a ball to minimize spillage. FoIlowing a 5-day habituation period in 
which both bottles contained tap water, animals entered the acquisition phase in which, on alternate days, they 
had access to ETH solutions of increasing concentrations in 24 h cycles and in a free choice with water. The 
different concentrations of ETH used during the acquisition phase were freshly prepared every day by diluting in 
tap water a stock solution of 96% ETH (Silvio Carta, Cagliari, Italy). The initial ETH concentration was 2% 
(v/v), and 1% increments were applied every second day until a final ETH concentration of 10% was achieved 
by day 17. Both bottles contained tap water in the intervening days. The animals were then switched to the 
maintenance phase in which they had continuous access to 10% ETH in a free choice with water for 10 consecu- 
tive days. ETH and water consumption was measured by weighing the bottles before and after each 24 h cycle 
(between 10 a.m. and 12.00 a.m.). Animals were weighed on alternate days in order to calculate ETH intake as g 
of absolute ETH/kg body weight, and ETH preference was calculated as follows: 

( ) ( ) ( )( )ETH preference ETH intake ml ETH intake ml water intake ml 100 = + ×   

2.3. Restricted Access to Fluids Schedule 
Upon completion of the maintenance phase, animals were switched to the restricted access to fluids schedule, in 
which they had free access to 2% ETH or water for 2 h (10.00 a.m. to 12.00 a.m.) in each of the four days that 
preceded the implantation of the dialysis probe. No other fluids were available during this 4-day period. During 
the brain dialysis experiments that were performed 24 h after probe implantation, the rats that had been exposed 
to 2% ETH during the restricted access to fluids phase were presented with the same concentration of ETH for 1 
h, whereas the rats that had been exposed to water were presented with water, also for 1 h. 

2.4. Acute Ethanol Administration 
RHA and RLA rats never exposed to ETH were implanted with dialysis probes aimed at the AcbSh as described 
in the next paragraph and ≅24 h later, during the brain dialysis assays, were injected intraperitoneally (i.p.) with 
ETH at the dose of 0.25 g/kg/2 ml. 

2.5. Surgery 
Rats were anaesthetized with chloral hydrate (450 mg/kg, i.p.) and then immobilised in a stereotaxic apparatus 
(David Kopf Instruments, USA). The vertical dialysis probes with a concentric design were made as previously 
described [38] and unilaterally implanted in the AcbSh, using the following stereotaxic coordinates (according 
to [39]): A, +2.0 mm; L, ±0.9 mm from bregma and V, −7.8 mm from dura. Animals were then placed in hemi- 
spheric Perspex bowls (∅ = 60 cm) located in a sound-attenuated room, and left there until completion of the 
brain dialysis experiments. 
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2.6. Brain Microdialysis and Chromatographic Assays 
Brain dialysis experiments were started ≅20 - 24 h after surgery on freely moving rats. The DA content in the 
brain dialysates was determined on line using the procedure described by Giorgi et al. [38]. Briefly, Ringer’s 
solution (147 mM NaCl, 4 mM KCl and 2.2 mM CaCl2) was pumped through the inlet of the dialysis probe at a 
constant rate of 1.0 µl/min. Dialysate samples were collected at 20 min intervals for 2 - 3 h before presenting the 
bottle containing the 2% ETH solution or tap water, or before the administration of ETH i.p. and for 3 h there- 
after. Immediately after collection, dialysates (20 µl) were injected without purification in an HPLC system equip- 
ped with a reverse phase chromatographic column (Supelco, LC-18 DB, 150 mm × 4.5 mm, 5 µm particle size) 
and an electrochemical detector (Antec, model CU 04A2) whose working electrode was set at +500 mV vs. the 
reference electrode. The mobile phase (100 mM NaH2PO4/Na2HPO4, 0.1 mM Na2-EDTA, 0.48 mM n-octyl-Na- 
sulphate, 15% v/v methanol, pH 5.5) was pumped at a rate of 1.2 ml/min using an HPLC pump (Kontron, model 
422). The sensitivity of the DA assay was 3 fmol (signal to noise ratio ∼ 3). 

2.7. Data Presentation and Statistical Analysis 
1) Behavioural measures. All fluid intake and body weight data were evaluated by two-way ANOVA with 

animal line (i.e., RHA vs RLA) and time (i.e., day number) as main factors, with repeated measures over time. 
When appropriate (i.e. p < 0.05 for the main factors and/or their interactions), post hoc pairwise comparisons 
were made with the LSD Fisher’s test. 

2) Brain microdialysis. For each experiment, dialysate samples were collected and assayed on line to ensure 
that the baseline DA content was stable before starting the experiment. The stability criterion was a variation 
<10% in at least three consecutive baseline samples, and was usually met after 2 - 3 h. The baseline DA output 
was then calculated as the mean of 3 consecutive samples preceding the administration of ETH or water. The 
mean baseline DA output values of RHA and RLA rats, expressed as fmol/20 µl dialysate, were compared by 
one-way ANOVA, whereas the effects of water or ETH consumption on accumbal DA output were expressed as 
percent of the respective mean baseline values and were analysed by multifactor ANOVA with fluid (water vs 
ETH) and line (RHA vs RLA) as the main factors and with repeated measures over time. Finally, for the analy- 
sis of data shown in Figure 4 the main factor was line, with repeated measures over time after i.p. ETH injection 
(0.25 g/kg/2 ml). Multiple pair wise contrasts were made with the LSD Fisher’s test. The significance level for 
all the statistical tests was set at p < 0.05. 

2.8. Histology 
At the end of the brain microdialysis experiments, rats were anaesthetized with chloral hydrate (450 mg/kg, i.p.) 
and perfused transcardially with 50 ml of physiological saline, followed by 100 ml of 10% formalin. Brains 
were immediately removed from the skull and stored at room temperature in 10% formalin for at least two days. 
Serial coronal brain sections (100 µm thick) were then cut with a vibratome, and the location of each probe was 
verified using the atlas of Paxinos and Watson [39] as a reference.  

3. Results 
3.1. Ethanol and Total Fluid Consumption during the Acquisition Phase and the  

Maintenance Phase 
RHA rats consumed significantly more ETH than RLA rats throughout the acquisition phase (Figure 1(a)), as 
indicated by two-way ANOVA (line, F(1, 26) = 28.49, p < 0.01; ETH concentration, F(8, 208) = 17.13, p < 
0.01). Thus, in RHA rats, the ETH intake increased gradually with increasing ETH concentrations from 2% up 
to 7%, remained stable with 8% and 9% ETH solutions, and tended to decrease slightly with 10% ETH. On the 
other hand, in RLA rats the increment in ETH intake was less pronounced, as indicated by a significant line X 
ETH concentration interaction (F(8, 208) = 5.31, p < 0.01). 

Figure 1(b) shows that both lines preferred 2% and 3% ETH solutions over water, as indicated by the 95% 
confidence intervals (C.I.: 50% < C.I. < 85%). Moreover, RHA rats significantly preferred ETH over water up 
to a 7% concentration (51% < C.I. < 85%), whereas at higher concentrations (8% to 10%) no preference for 
ETH or water was observed (40% < C.I. < 61%). Conversely, ETH preference of RLA rats rapidly declined with  
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(a) 

 
(b) 

Figure 1. Ethanol consumption during the acquisition 
phase. (a) Intake: Results are expressed as the mean ± 
S.E.M. daily ethanol (ETH) intake (g/kg) for concentra- 
tions ranging from 2% to 10% (day 1 to day 17 of the ac- 
quisition phase); (b) Preference: Shown are the mean and 
95% confidence interval for daily ETH preference (%) for 
concentrations ranging from 2% to 10%. The dotted hori- 
zontal line indicates 50% preference. N = 14 rats in each 
experimental group. *p < 0.05 vs the ETH concentration- 
matched RLA value; §p < 0.05 vs the line-matched 2% 
ETH value.                                        
 

escalating ETH concentrations, so that water was preferred over ETH at concentrations ≥5% (11% < C.I. < 
48%). 

As shown in Figure 2(a), ETH intake was significantly higher in RHA than RLA rats throughout the main- 
tenance phase (line, F(1, 26) = 26.82, p < 0.01; ETH concentration, F(9, 234) = 2.63, p < 0.01); thus, the respec- 
tive mean daily intake values for RHA and RLA rats were 3.40 and 1.49 g/kg. RHA rats did not show preference 
for ETH or water on days 1 to 6 (31% < C.I. < 56%), but preferred water over ETH on the last four days of the 
maintenance phase (25% < C.I. < 47%); in contrast, RLA rats preferred water over ETH throughout the mainte- 
nance phase (7% < C.I. < 31%) (Figure 2(b)). 

Total fluid consumption averaged across the acquisition phase and the maintenance phase tended to be lower 
in RHA (46.6 ml) than RLA rats (55.4 ml); however, a line X day two way ANOVA revealed no significant ef- 
fect of line, F(1, 26) = 2.98, p = 0.09, day, F(3, 78) = 0.17, p > 0.05, or their interaction, F(3, 78) = 1.57, p > 
0.05. 

3.2. Body Weight 
Average weights for the entire experiment were 486 ± 2 and 508 g ± 3 g for RHA and RLA rats, respectively. A  
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(a) 

 
(b) 

Figure 2. Ethanol consumption during the maintenance phase. (a) 
Intake: Results are expressed as the mean ± S.E.M. ETH intake 
(g/kg) in days 1 to 10 of the maintenance phase; (b) Preference: 
Shown are the mean and 95% confidence interval for ETH prefer- 
ence in days 1 to 10 of the maintenance phase. The dotted horizon- 
tal line indicates 50% preference. N = 14 rats in each experimental 
group. *p < 0.05 vs the day-matched RLA value.                
 

two-way ANOVA yielded no significant effect of line, F(1, 26) = 1.12, day, F(3, 78) = 0.26, or their interaction, 
F(3, 78) = 0.002, all p values > 0.05. 

3.3. Ethanol Consumption and Accumbal Dopamine Output during Brain Dialysis 
As already mentioned, during the brain dialysis experiments the rats that had been exposed to 2% ETH during 
the restricted access to fluids phase were presented with the same concentration of ETH for 1 h, whereas the rats 
that had been exposed to water were presented with water, also for 1 h. ETH intake was significantly larger in 
RHA vs. RLA rats (line, F(1, 16) = 24.60, p < 0.01) as was the total volume of 2% ETH solution consumed (line, 
F(1, 16) = 19.50, p < 0.01) (Figure 3(a)). 

The basal DA output (fmol/20 µl) was similar in the four experimental groups: RHA water, 84 ± 4.8; RHA 
ETH, 77 ± 9.6; RLA water, 89 ± 9.2; RLA ETH, 79 ± 6.2; F(3, 24) = 0.34, p > 0.05. As shown in Figure 3(b), 
ETH consumption was associated with a small, albeit significant increase in DA output in RHA, but not in RLA 
rats; moreover, no significant changes in DA output were observed in association with water consumption in ei- 
ther line. Thus, a line X fluid X time analysis revealed a significant 3-way interaction (F(10, 240) = 3.21, p < 
0.01). Moreover, post hoc pairwise contrasts with the LSD Fisher’s test revealed a significant increase in DA 
output vs the respective basal value in RHA rats between 20 and 100 min after the start of ETH presentation,  
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(a) 

 
(b) 

Figure 3. Ethanol consumption during brain microdialysis and dopamine 
output in the AcbSh (a) Ethanol intake: Columns and bars indicate the 
mean ± S.E.M. ETH intake (g/kg, left side) and total fluid intake (ml, 
right side) of RHA and RLA rats presented with a 2% ETH solution for 
1 h. *p < 0.05 vs the RLA group; (b) Dopamine output in the AcbSh: 
Results are expressed as percent of the respective basal value. Shown are 
the mean ± S.E.M. values obtained from rats presented, during the brain 
dialysis assay, with either water (RHA, N = 6; RLA, N = 4) or a 2% 
ethanol solution (RHA, N = 8; RLA, N = 10), for 1 h. *p < 0.05 vs the 
time-matched RLA-ethanol group and the RHA-water group; §p < 0.05 
vs the respective basal value.                                 
 

with a peak value of +25% over the baseline value at 60 min. 

3.4. Effect of Ethanol Administration (0.25 g/kg, i.p.) on Accumbal Dopamine Output 
In order to clarify whether the lack of effect of voluntary oral ETH consumption on accumbal DA output in  
RLA rats was due to the lower ETH intake relative to that of their RHA counterparts, we investigated the effect 
of the non contingent i.p. administration of ETH at a dose of 0.25 g/kg, which is similar to the amount of ETH 
voluntarily consumed by RLA rats during the previous brain dialysis experiments. No line related differences 
were observed in the basal DA output (fmol/20 µl): RHA, 87 ± 9.8; RLA, 80 ± 7.3; F(1, 11) = 0.32, p > 0.05. On 
the other hand, as shown in Figure 4, the i.p. administration of ETH increased accumbal DA output only in 
RHA rats (line, F(1, 11) = 26.11, p < 0.01; time, F(10, 110) = 6.85, p < 0.01; line X time, F(10, 110) = 7.05, p < 
0.01); moreover, post hoc pairwise contrasts indicated that DA output in RHA rats was significantly higher than 
the respective baseline value between 20 and 140 min after ETH injection, with a peak value of 45% over the 
baseline value at 100 min.  
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3.5. Histology 
Figure 5 shows the placement of the dialyzing portion of the probes in the AcbSh [39]. Only the data from 41 
completed experiments corresponding to dialysis probes with active portions placed in the shaded areas shown 
in the diagrams of the figure were used for statistical evaluations. Neurochemical and behavioral data from 3 
RHA rats (2 in the chronic ETH consumption experiment and 1 in the acute i.p. ETH experiment) and 4 RLA  

 

 
Figure 4. Effect of i.p. ethanol on dopamine output in the AcbSh. Dialy- 
sates were collected at 20 min intervals for 2 h before ethanol administra- 
tion (0.25 g/kg, i.p., arrow) and 3 h thereafter. Results are expressed as 
percent of the respective basal value. Shown are the mean ± S.E.M. values 
obtained from 7 RHA and 6 RLA rats. *p < 0.05 vs the time-matched RLA 
group; §p < 0.05 vs the respective basal value.                         

 

 
Figure 5. Atlas diagram showing the brain areas implanted with vertical 
microdialysis probes. For the clarity of presentation, the position of the ac- 
tive portion of the probes is schematically indicated by the grey bars drawn 
in the left hemisphere and the position of the misplaced probes is shown in 
the right hemisphere. The A-P coordinates according to Paxinos and Wat-
son [39] are shown on the left side of each coronal section. Abbreviations: 
Co, nucleus accumbens core; Sh, nucleus accumbens shell; ca, anterior 
commissure; cc, corpus callosum; Cl, claustrum; CPU, nucleus caudatus- 
putamen.                                                      
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rats (2 in the chronic ETH consumption experiment and 2 in the acute i.p. ETH experiment) with misplaced 
probes were excluded from statistical analyses. 

4. Discussion 
The findings of the present study may be summarized as follows: 1) RHA rats drink more ETH than RLA rats in 
both, the acquisition phase and the maintenance phase of the two bottle ETH/water free choice paradigm, in 
keeping with previous reports using outbred and inbred Roman rats from different colonies, 2) during the brain 
dialysis experiment, voluntary ETH consumption is associated with a significant increase in DA output in the 
AcbSh of RHA but not RLA rats, and 3) the i.p. administration of ETH at the dose of 0.25 g/kg induces a sig- 
nificant increment in DA output in the AcbSh in RHA rats but not in their RLA counterparts. 

ETH intake and preference were larger in RHA vs. RLA rats throughout the acquisition phase. No significant 
difference in ETH intake was observed between the Roman lines at low concentrations (i.e., 2% and 3%); how- 
ever, in RHA rats, a rapid increment in ETH intake from ~1 g/kg up to ~4 g/kg was observed with increasing 
ETH concentrations from 2% to 7% - 9%, followed by a slight decrease with 10% ETH, whereas the increment 
in ETH intake with increasing concentrations was much less pronounced in RLA rats (from ~1 g/kg up to ~2 
g/kg). 

Significant line-related differences were also observed in terms of ETH preference during the acquisition 
phase. Thus, both lines preferred ETH over water at low concentrations (i.e., 2% and 3%), and RHA rats per- 
sisted in their preference for ETH solutions over water with ETH concentrations up to 7%. With concentrations 
≥8%, however, no preference for ETH or water was observed in RHA rats. Conversely, ETH preference mar- 
kedly decreased with escalating concentrations in RLA rats, so that a significant preference for water over ETH 
was observed with ETH concentrations ≥5%. Notably, the decrease in ETH preference with escalating concen- 
trations observed in RLA rats has also been reported in many different outbred and inbred nonselected lines/ 
strains of ETH non-preferring rats ([40] and references therein) . 

ETH intake and preference were larger in RHA vs. RLA rats also throughout the maintenance phase; thus in 
RHA rats ETH intake remained stable at ~3.5 to 4 g/kg on days 1 to 6 and 9 to 10, with a small decrease on days 
7 and 8, whereas in RLA rats it was significantly lower (~1.5 g/kg). RHA rats did not show preference for ETH 
or water on days 1 to 6 of the maintenance phase but on days 7 to 10 preferred water over ETH; in contrast, 
RLA rats preferred water over ETH across the maintenance phase. Collectively, the results obtained using out- 
bred RHA and RLA rats from the colony established in Cagliari are consistent with previous studies in outbred 
rats from the Swiss sublines (i.e., RHA/Verh and RLA/Verh) [12] [41] as well as in the inbred Roman strains 
[10] [11], suggesting that the behavioral traits related to ETH preference that distinguish the Roman lines/strains 
were not modified by changes in the breeding procedure (i.e., outbreeding vs inbreeding). 

Upon completion of the maintenance phase rats were shifted to a restricted access schedule for 4 consecutive 
days in order to ensure consumption of sufficient amounts of water or ETH during the subsequent brain micro- 
dialysis experiments. Animals were presented with 2% ETH solutions during the brain dialysis assays because at 
that concentration ETH intake was similar in both lines during the acquisition phase. Surprisingly, however, 
RHA rats drank more than twice the amount of 2% ETH solution consumed by RLA rats. Furthermore, DA 
output in the AcbSh increased significantly in RHA rats presented with ETH but not with water, whereas no 
significant changes in accumbal DA output were observed in RLA rats exposed to either water or ETH.  

Although the reason for the greater voluntary consumption of 2% ETH of RHA vs RLA rats (0.65 g/kg and 
0.29 g/kg, respectively) remains unclear, several mechanisms may be involved in this line-related difference. In 
this context, ETH deprivation may be a contributing factor; thus, previous reports have shown a pronounced de- 
crease in basal extracellular DA concentrations during the initial phase of withdrawal upon chronic ETH expo- 
sure [42] [43]. Those studies were performed within 6 - 12 h after the cessation of ETH administration, suggest- 
ing that deficits in accumbal DA efflux may contribute to the dysphoric symptoms of withdrawal and, thereby, 
induce ETH-seeking behavior in rats with a history of chronic exposure to ETH [43]. On the other hand, re- 
peated exposure to various addictive substances, including ETH, results in an enhancement of their behavioral 
effects. This phenomenon, referred to as behavioral sensitization, is manifested in rodents as an increase in drug- 
evoked locomotion after repeated drug administration. Behavioral sensitization is proposed to result from some 
of the same neuroadaptations that are triggered by repeated drug exposure and that lead to the development of 
compulsive drug use [28] [44]. Among these neuroadaptations, the plastic modifications of the mesolimbic do- 
paminergic system induced by chronic drug exposure have received considerable attention and have been ob- 
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served upon repeated administration of cocaine, morphine [28] [44], and ETH [45]. It has been proposed that 
these plastic changes, such as the enhanced accumbal DA efflux after repeated drug exposure, play a pivotal role 
in the maintenance and reinstatement of compulsive drug-seeking behavior [46].  

Notably, several relevant behavioral and neurochemical differences between the Roman lines have been iden- 
tified along the selective breeding process. Thus, compared with their RLA counterparts, RHA rats display a 
more robust sensation/novelty seeking profile, as well as higher baseline levels of impulsivity, and a marked 
preference for and intake of natural and drug rewards [10] [13] [15] [16] [47] [48]. The phenotypic traits that 
distinguish these lines are at least partly determined by differences in the functional properties of their central 
dopaminergic pathways: 1) the acute administration of amphetamine, cocaine, and morphine causes a larger in- 
crement in motor activity and in DA output in the AcbSh than in the AcbC of RHA but not RLA rats [29]; 2) the 
repeated administration of psychostimulants and morphine induces behavioral sensitization only in RHA rats 
[49]-[51]; 3) in sensitized RHA rats, a subsequent challenge with these drugs elicits a more robust increment in 
DA output in the AcbC, associated with an attenuated dopaminergic response in the AcbSh, whereas these plas- 
tic changes are not observed in sensitization-resistant RLA rats [28] [38]. Collectively, these findings indicate 
that, compared with their RLA counterparts, RHA rats are more responsive to the acute effects of morphine and 
psychostimulants and more susceptible to develop behavioral and mesolimbic DA sensitization upon repeated 
exposure to these substances. The above findings, together with the present results support the view that chronic 
ETH exposure may also have induced behavioral and neurochemical sensitization in RHA but not RLA rats.  

Conversely, the selective increment in DA output in the AcbSh of RHA rats may be simply due to the larger 
amount of ETH consumed by this line as compared with RLA rats. To test this possibility, we performed brain 
dialysis experiments in naïve Roman rats that were injected i.p. with ETH at the dose of 0.25 g/kg, which is very 
similar to the amount of ETH voluntarily consumed p.o. by RLA rats in the previous brain dialysis assays. The 
result of this experiment was clear cut: the accumbal DA output increased only in RHA rats, further supporting 
the notion that the mesolimbic dopaminergic projections of RHA rats are more responsive to ETH than those of 
their RLA counterparts. 

Clinical researchers define the sensation-seeking profile as a neurobiologically based tendency to seek novel, 
complex, intense sensations and a proclivity to take physical, social, legaI, and financial risks in order to achieve 
such experiences [52]. The equivalent construct of sensation-seeking in preclinical research is novelty-seeking, a 
term used to describe high levels of exploratory activity in response to unfamiliar environments [53]. Rodents 
that display robust novelty-seeking behaviour also show high responsivity to the reinforcing effects of addictive 
substances, including ETH, and learn to self-administer such substances very rapidly [54]-[56]. Selectively bred 
rodent lines and strains exhibiting different behaviours upon exposure to a novel environment and differing in 
the basal levels of impulsivity, like the Roman lines/strains [10] [13] [15] [16] [47] [57] and other rodent lines 
[54] [58] may therefore represent valid experimental models to explore the neural underpinnings of novelty- 
seeking traits and their relationships with the vulnerability to drug addiction.  

In summary, the Roman lines differ markedly in a number of traits related to emotionality, sensation seeking, 
impulsivity, and susceptibility to addiction in humans. Specifically, previous studies have demonstrated that 
compared with their RLA counterparts, RHA rats exhibit more robust novelty-seeking traits [57] and increased 
propensity to self-administer addictive drugs [30]. The results reported herein show that, relative to RLA rats, 
RHA rats also show greater voluntary ETH intake and preference (in keeping with previous studies in the out- 
bred Roman Swiss sublines and in the inbred Roman strains), and a mesolimbic dopaminergic system that is 
more responsive in terms of accumbal DA efflux assessed by means of brain microdialysis, to the stimulatory 
effect of ETH, either consumed voluntarily or injected i.p. Beyond the involvement of the mesolimbic dopami- 
nergic system, the neural circuits responsible for these different traits related to impulsivity, novelty-seeking 
behavior and substance abuse liability are not completely understood, although previous studies have found line- 
and strain-dependent differences involving noradrenergic, GABAergic and serotonergic neurotransmission [15] 
[59] [60]. Therefore, the characterization of this genetic animal model for increased vulnerability to drug abuse 
represents an important step in defining the neural substrates of this disorder and in identifying molecular targets 
for its treatment. 
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