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Articulo Original

Abstract:.Los efectos reforzantes del etanol estdn mediaglosnenos Abstract: Rewarding effects of ethanol may be mediated int jgr
parcialmente, por el sistema opiaceo. El etandralia sintesis y la endogenous opioids. Ethanol alt@endorphin synthesis and releage.
liberacion dep-endorfinas. Ratones genéticamente modificados rgque endorphin heterozygous (HT) and knockout (KO) miomsume higher
sintetizan p-endorfinas (KO), o bien deficientes en la sintedisl levels of a low-concentrated alcohol solution artibve heightened
neuropéptido (HT), consumen niveles méas elevadamdesolucion etilica predisposition to self-administer ethanol in congar with wild-type
de baja concentracion y exhiben una mayor predispas para (WT) mice (Grisel et al., 1999). This study was dacted in order to: i) re-
autoadministrarse la droga, en comparacion comeatgue no presentananalyze and extend previous results in terms ofreth consumption
esta manipulacion genética (WT). El presente tabhag realizado con el profiles of-endorphin deficient mice; and ii) analyze condi&d aversive
objeto de: i) extender resultados previos en lorgapecta al andlisis de loslearning mediated by ethanol postabsorptive effasta function of genetic
perfiles de consumo de etanol en ratones defigeptea sintetizaB- capabilities to synthesizg-endorphin. In Experiment 1, mice were
endorfinas; y ii) evaluar la adquisicion de un doiwhamiento aversivo evaluated in terms of consumption of a low (7%at#i solution in a two-
mediado por las propiedades postabsortivas etilieasfuncion de las bottle free choice paradigm. Ethanol concentratvas then increased to 10
capacidades genéticas de sintetizar el neuropéfiiti@l Experimento 1, % and voluntary intake consumption was tested. Witendisplayed
los ratones fueron evaluados en términos de conslemana solucién de significantly higher consumption levels and ethgmm@ference scores than
etanol al 7 % en un paradigma de libre elecciéreesgua y esta solucion,did KO mice, independently from ethanol concentratiHT mice drank
durante 8 dias. Posteriormente, la concentracidetatel aumento al 10 % more ethanol than did KO mice. In Experiment 2,em(i€O, HT and WT)
y el consumo voluntario se evalu6 por 8 dias maatoies WT were tested in a conditioned taste aversion pamadigwhich a sodium
consumieron mayores cantidades de etanol que asrk&. Ratones HT, chloride (NaCl) solution was paired with a 2-g/khanol dose. Only HT
a su vez, ingirieron mayores cantidades de la dgqogaratones KO. En el and KO displayed a conditioned aversion when ugrgkg ethanol as
Experimento 2, ratones (KO, HT y KO) fueron evalmeén un paradigma unconditioned stimulus. The present results indidhtat total or partial
de aversion condicionada al sabor en el cual uheiéa de cloruro de deficiency of B-endorphin synthesis reduces ethanol preference and
sodio (NaCl) fue asociada con una dosis etilica2dgkg. Ratones con consumption. Furthermore, this study indicates thatlack of-endorphin
genotipo HT o KO expresaron una aversion condidanaacia el NaCl. synthesis exacerbates ethanol’'s aversive postahaogifects which can in
Este estudio indica que la deficiencia, o bienn¢apacidad de sintetiz8f  turn modulate self-administration patterns of thegd

endorfinas predispone a los animales a expresaavesion al etanol lo

cual puede modular patrones de autoadministra@da droga.

Palabras claves: Key Words:
B-endorfinas, aversién condicionada al sabor, consieretanol, ratones  B-endorphin, conditioned taste aversion, ethanosamption, knockout
knockout, sistema opiaceo. mice, opioid system.
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1. Introduction
The endogenous opioid system has been implicatedbraim rewarding processes. Indeed, many behaviors
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associated with the processes of positive reinfoesg  intravenously self-administration paradigm.

may be controlled by different components of the Ethanol postabsorptive effects have been observed
opioid system. There are three different familids do act as effective unconditioned stimuli (US) dapa
endogenous opioid peptides defined by their precursof supporting associative learning that shapesisgek
molecules: proopiomelanocortin, prenkephalin anand intake behaviors of this drug (Cordoba, Molina,
prodynorphin. In particular, proopiolmelanocortinBasso, & Orsingher, 1990; Cunningham, Fidler, & Hil
(POMC) gives rise t@-endorphins and its biosynthesis2000; US Department of Health and Human Services,
mainly occurs in neurons of the arcuate nucleusand®000; Chester, Lumeng, Li, & Grahame, 2003;
small group of neurons in the nucleus tractusalit- Risinger, Malott, Prather, Niehus, & Cunningham,
endorphin neurons of the arcuate nucleus project 1894; Froehlich, Harts, Lumeng, & Li, 1988).

several brain regions associated with reward, dioty Rodents that consume lower levels of ethanol may
the ventral tegmental area (VTA), nucleus acumbeds so because they are more sensitive to aversive
(NA), septum, amygdala, hippocampus, frontal corteconsequences of the drug. For this reason, they are
and periacueductal gray matter (Khachaturian, Lewigrone to express higher levels of conditioned taste
Schafer, & Watson, 1985). aversion responses.

Ethanol administration has been shown to increase In the present study we assessed ethanol
the release off-endorphin by the pituitary gland, consumption patterns of mice genetically deficient
hypothalamus and other brain regions (Rasmuseh, et &erms of B-endorphin synthesis in order to extend
1998). Ethanol-mediated increases [pendorphin previous results that analyzed the implication tuk t
release have also been observed in VTA and NA. Theuropeptide in ethanol consumption profiles and
activation ofy andd opioid receptors as a consequencpreference indexes for the drug (Grisel et al.,9)9fh
of enhance@-endorphin release in response to ethanalsecond experiment we analyzed the sensitivitgf
appears to play an important role in the reinfaycinHT and WT mice to ethanol’s postabsorptive effects
properties of the drug (Gianoulakis, 2004). utilizing an experimental approach analogous tastet

It has also been suggested that ethanol activafionaversion conditioning procedure. Postabsortive drug
the mesolimbic system is mediated by ethanotonsequences of ethanol are often evaluated through
dependent activation of the endogenous opioid systeonditioning procedures to assess rewarding orsaxger
at the level of VTA and NA (Spanagel & Weiss, 199%ffects of the drug.

Kohl, Katner, Chernet, & McBride, 1998; Gonzales 82 Materials and Methods
Weiss, 1998).

Taking into account that thp-endorphin system 2.1. Subjects
appears to play a key role in mediating ethanol's Wild-type, knockout and heterozygous mice fler
rewarding effects, the development offandorphin endorphin synthesis were employed in the present
deficient mouse line (Rubinstein et al., 1996) joes a study. The generation gtendorphin mutant mice has
useful tool for analyzing the participation of thisbeen previously described by Rubinstein et al. 199
neuropeptide in ethanol reward processes (Gianislakl996). In brief, a point mutation was introducedsitg-
1993; 2004). directed mutagenesis into exon 3 of the POMC gene t

A previous study evaluated ethanol preference ageénerate a premature translational stop codon. The
consumption patterns as a function of the capaoity resultant truncated prohormone lacks the carboxyl-
synthesize B-endorphins (Grisel et al., 1999). Theerminal 31 amino-acids composifieendorphin, but is
results of this study indicated th@endorphin lacking expressed at normal levels and correctly processed
(KO), or deficient (HT) mice prefer and consumedrenocorticotropic hormone, melanocyte stimulating
significantly higher levels of a low-concentratetdanol hormones ang-lipotropic hormone. The mutant allele
solution (7% v/v) when compared with WT micewas originally introduced into 129S2/SvPas-deriz&d
Additionally, HT subjects also expressed preferencembryonic stem cells and subsequently backcrossed f
for a higher ethanol concentration (10% v/v) iratiein  five successive generations to C57BL/6N mice
with intake levels and preference scores showed Hyimonsen, Gilroy, CA, USA) and then an additional
sibling WT mice (Grisel et al. 1999). A previousidg two or four to C57BL/6J mice (The Jackson
conducted by Grahame and Cunningham (1998)aboratories, Bar Harbor, ME, USA). Tieendorphin
showed that thisp-endorphin knockout mice alsowild-type, heterozygous and knockout mice usechen t
exhibited heightened predisposition to self-admémis present experiments were derived at the N9 geperati
ethanol in comparison with WT animals, in aron a C57BL/6 background from heterozygote mating
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pairs. switched to avoid the development of side prefezenc
Mice were born and reared in the breeding colorfyollowing these four water-drinking days, one oé th
at the Instituto Ferreyra (Cordoba, Argentina), an tubes was filled with a 7% v/v ethanol solution lghi
temperature-controlled environment, maintained onthe second tube contained water. This experimental
12-h light/dark cycle, and fed and watered ad Uit phase lasted eight days. Ethanol solution was @thang
After weaning mice were group housed by sex wittaily and the position of tubes was counterbalarioed
three to five animals per cage and were tested&t &ide across cages. At the end of this period, amishgl
weeks of age. All experimental protocols wereight additional days, mice had continuous access t
approved by the appropriate institutional animalecal0% v/v ethanol and water. Home-cage bedding was
committee at our institute and followed the guidet changed every eight days and mice were re-weighed.
in the Public Health Service Guide for the Care @sd Consumption scores of ethanol and water were daily
of Laboratory Animals. Mice had ad libitum access tassessed. Daily ethanol intake scores were cadcliat
food during the entire experimental period. terms of absolute grams of ethanol per kilogram of
2.2. Genotyping body weight (g/kg) as well as in terms of percent
All animals employed in the present study werethanol preference [(mls drank from the ethanoktub
genotyped at approximately 30-days of age. Genogypi(mls drank from the ethanol tube + mls drank frdm t
was performed on genomic DNA samples obtainegater tube) x 100)].
from mouse tails by polymerase chain reaction (RCR) A total of 23 mice, representative of the three
For DNA extraction, mice were anesthetized with2:,2 genotypes were evaluated in the present experiment
tri-bromoetanol (Aldrich, Milwaukee, WI, USA) 300 (WT-male: 5; WT-female: 2; HT-male: 6; HT-female:
mg/kg i.p. Tail samples were obtained and incubat&j KO-male: 5 and KO-female: 3). Water consumption
with 0.5 ml digestion buffer (50 mM Tris—HCL, pHscores during the adaptation session of the expetim
8.0; 100 mM EDTA,; 0.5% sodium dodecyl sulfate; 0.5vere subjected to a two-way mixed ANOVA (genetic
mg/ml proteinase K, at 55 °C overnight (12-14 hJine x days). Ethanol intake scores (g/kg and pdrce
DNA was purified using standard procedures. In thereference values) were analyzed through a thrge-wa
PCR protocol we used a combination of thremixed ANOVA defined by genotype (WT, HT or KO),
oligonucleotide primers, 889: 5'- as between factor and, ethanol solution (7% or ¥086
ACCTCCGAGAAGAGCCAG-3 (POMC exon 3), and day of evaluation (1 to 8) as repeated measfifies
187: 5-ACATGTTCATCTCTATACATAC-3' (3 data were collapsed across gender factor because
flanking sequence in POMC gene), 186: 5’preliminar analysis indicated that this variablaef to
GAGGATTGGGAAGACAATAGCA-3 (PGK-neo interact with the remaining factors under consitiena
cassette, specific for the targeted allele; CibgrsyThe loci of significant differences were furtheiagized
USA). The set of oligonucleotide 889-187 amplifeed via Least Standard Deviation (LSD) Fisher's post-ho
1.4 kb product corresponding to the WT allele amal t tests (p< 0.05).
pair of oligonucleotide 186-187 amplified a 1.2-ki2.4. Ethanol-mediated conditioned taste aversion
product corresponding to the mutated allele. PCR A total number of 67 mice (males and females),
conditions were hot start 94 °C for 3 min followey representative from the three different geneti@din
35 cycles at 94 °C for 45 seconds, 60 °C for 1 mth, were employed in the present experiment. The number
°C for 1.45 min and an additional elongation cyal@2 of animals representative of the three genotypes an
°C for 20 min. both sex evaluated, has been summarized in Table 1.
2.3. Evaluation of ethanol intake patterns Before training began, mice were adapted to a @algr/
During the first day of the experiment mice werevater restriction schedule. Food was always availab
weighed and individually housed in pine-shavin@uring the taste conditioning phase, a sodium algor
bedding lined cages with wire lids. Two 25-misolution [0.20M (1.2 % wi/v) of NaCl in distilled wex]
graduated tubes (x 0.1 ml) containing tap waterewewas presented during the 2 hr drinking period, has t
placed on each cage in order to allow animals &ptd unique liquid source. Exposure to NaCl solution was
to these drinking tubes. During the following fouimmediately followed by an intraperitoneal (i.p.)
consecutive days, the volume of both tubes wasiministration of a 2-g/kg of ethanol dose (0.01%Mm
recorded and were refilled, as necessary. Durimg thody weight of a 17.1% v/v ethanol solution; EtOH
adaptation period, as well as, during the expertadlengroup) or a similar volume of water (Control group)
phase, tube readings occurred daily between 11@0 aVice received two conditioning trials separateda48
13:00 h, and after each reading tube positions wereinterval. During the days between conditionimige
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had access to tap water for two hours, to allomice were heavier than WT mice across days. Trsay al
rehydration. Water and NaCl solution were preseatedexhibited higher body weights when compared with HT
room temperature in 25-ml graduated glass-tubésl(+ animals during the two last days in which this able
ml). Forty eight hours following the secondwas measured. Furthermore, WT mice exhibited lower
conditioning trial mice were evaluated in terms obody weights relative to HT animals but only durthg
consumption of NaCl. The test lasted 2 hrs and Nafist day of test.

intake scores (mls / 10 g of body weight) were réed Water consumption scores during the adaptation
at 10, 30, 60 and 120 min; these recording binsreds period were analyzed using a two-way mixed ANOVA
supervision of possible measurement error arisiogf defined by genotype (WT, HT or KO) and day of water
liquid spillage. Mixed-ANOVAs served to analyzeexposure. The analysis only showed a significarinma
water consumption scores during the adaptationephasffect of day {F (3, 60) = 31.77; p< 0.01}. As che

of the experiment; total NaCl intake levels duringbserved in Figure 1, animals rapidly adapted to
conditioning and training, and consumption scorensume water from these tubes. Consumption scores
displayed during the first 10 minutes to evaludte t during the second adaptation session were signtfica
initial responsiveness to this sapid cue. Genotype higher than those recorded during the first sessidaa
pharmacological treatment were included asnportant to note that water consumption was not
independent factors. Days of evaluation were iretud affected by the genotype factor. Additionally, mice
as repeated measures in the respective analysisu8e failed to display position preferences for the #&ibe
preliminary analysis failed to exhibit significantpresented at the adaptation phase.

interactions between sex and the remaining facails, Water
data were collapsed across this variable. The déci
significant differences were further analyzed vieakt Genotype
Standard Deviation (LSD) Fisher’'s post-hoc tests (f —— WT
0 05) 41 —- KO
e Sl HT
Table 1. )
Number of mice representative of the three genatypel sex 9.2 5|
evaluated at different pharmacological treatments. § 2
>
Pharmacological treatment: Pharmacological treatment: _E 3
EtOH Water 822 2
Males Females Males Females g ;
WT 6 6 6 6 2o
HT 6 5 6 5 3= 11
OFE
KO 6 5 4 6 =
3. Results 1 2 3 4
3.1. Ethanol intake patterns Day

As stated, mice representative of the three genefitgure 1: Consumption scores of water (ml/10g of animal
lines were tested in terms of consumption of twB0dy weight) during the adaptation period, as ation of
different ethanol concentrations (7 and 10% v/v). Aenotype (WT, HT and KO) and day of evaluation f1-4
three-way mixed ANOVA was conducted to compar$alues are represented as mean + SEM.
body weights of mice as a function of sex and ggret S :
as independent factors, and day as repeated measyre When cqn3|der|ng ethanql preference ratios, the
The ANOVA showed main effects of sex and day { ree-way mixed ANOVA defined by genotype (WT,
(1, 17) = 42.74 and F (2, 34) = 10.77, respectivetyh HT or KO), as between factor; ethanol solution (@6
ps”< 0.01}. As can be éxpected ma(le’s body weigh 0% viv) and day O.f e_yaluation .(1 to 8), as within
were significantly higher than those corresponding actors,t s?oweoll: alslgrg)lflc_ané Ea'n <ef£e(():t5 of Aethlano
female mice. Additionally, body weights increassdaa concentration {F (1, 20) = 5.11, p< 0.05}. clear
function of the passage of time. A significan{educuon of e_thanol preference scores was evident
interaction between genotype and day of evaluatisn when increasing ethanol concentration. Ethanol

; i - . tration significantly interacted with day of
achieved significance {F (4, 34) = 4.46; p< 0.0%Ex concent - ,
failed to interact with the remaining variables end valuation {F (7, 140) = 5.07, p< 0.01}. The triple

consideration. Fisher post hoc tests indicated it interaction between genotype, concentration ofretha
and day, also achieved significance in the present
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analysis {F (14, 140) = 4.61, p< 0.01}. Sequentiad-
way ANOVAs, separated by ethanol concentratior
presented, were conducted to better understantb¢he A Ethanol (7%)
of significant differences aroused from this triple
interaction.

A two-way mixed ANOVA was conducted to
analyze percent ethanol preference scores whe
utilizing a 7% v/v ethanol solution. This ANOVA was
defined by genotype (WT, HT or KO), as a betweer
factor while days of evaluation were considered a
repeated measures (days 1 to 8). This analysisezhaw
significant main effect of day of evaluation {F (Z40)
= 3.58; p< 0.01}. The interaction between genotgpd
day of test also reached significance {F (14, 140)
2.76; p< 0.01}. LSD Fisher’'s post hoc tests indichat
that WT mice exhibited significantly higher ethanol
preference scores when compared with KO subjec
throughout most of the test phase (days 1-6 andjlay
Heterozygous mice also exhibited higher preferenc
scores when compared with KO subjects. Significan
differences between these genotypes were encodntel B
during days 2, 4 and 6. In turn, ethanol preferenc Genotype
scores of WT animals were significantly higher thar —e— wWrT
those displayed by HT mice at days of evaluatioi 1, —0- KO
and 8. aoHr

A similar profile of results was observed when
considering percent preference scores when ugliain
10% v/v ethanol solution. The corresponding ANOVA
indicated a significant main effect of evaluatiaydnd
a significant interaction comprising genotype aray d
[F (7, 140) = 3.63 and F (14, 140) = 3.57, respebfi

a
o
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—— WT

—{- KO
A HT

5

w
o
|
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=
o
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o

1 2 3 4 5 6 7 8

Day of evaluation

Ethanol (10%)

N w B a
o o o o
. . )

>—

Preference to EtOH (ml %)
=
o

both p’s< 0.01]. Post hoc tests indicated that Kidem 0 —
showed significantly lower ethanol preference ssore 1 2 3 4 5 6 7 8
when compared with WT mice. This difference was Day of evaluation

observed across all days of testing. HT animalsvedo
intermediate  ethanol preference patterns Whan > p ; f oref %) in a two-botl
compared with WT and KO mice: during days 1, 2, fiigure 2: Percentage of preference scores (%) in a two-bottle

. o L choice test for a 7% v/v (A) and a 10 % v/v (B) asthl
and 6, HT mice exhibited significantly lower preface _solution, as a function of genotype (WT, HT and Kavd

scores when compared with WT subjects; while during, of evaluation (1-8). Values are representednaan +
days 3, 5 and 7, HT animals were found to exhibgg.

higher preference scores when compared with KO.mice
These results have been depicted in Figures 2atand Despite this observation, the profile of ethanol

Absolute amount of ethanol consumption amgestion was different across genotypes. A thrag-w
expressed in terms of grams of ethanol per kg dfybomixed ANOVA defined by genotype (WT, HT or KO)
weight (g/kg) were considerably lower than thosgs between factor; and ethanol concentration (7% or
reported by Grisel et al. (1999) in the same stafin 10% v/v) and day of evaluation (1 to 8) as repeated
mouse. These authors reported that mice consumfidasures, was conducted to compare absolute amounts
between 8 to 14 g/kg of ethanol in a given dayest.t of ethanol ingestion. This analysis showed a sigpmitt
In the present study absolute levels of ethan@lain effect of ethanol solution concentration {F 20)
consumption rarely exceeded 3 g/kg (see Figuresd4 & 6.27, p< 0.025}, ethanol ingestion significantly
5). decreased when animals were evaluated to a higher

ethanol concentration. Day of evaluation, also el
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significance {F (7, 140) = 4.91, p< 0.01}. The A
interactions between ethanol concentration and{Bay
(7, 140) = 6.76, p< 0.01}, and between genotyp:
concentration of ethanol and day of evaluation 1B, (
140) = 3.46, p< 0.01}, were significant. 6
Sequential two-way mixed ANOVAs defined by
genotype and day of evaluation were employed
compare amounts of ethanol (g/kg) consumed wher
solution of 7% or 10% v/v ethanol was availabletfoe
animals. When animals were exposed to a 7% ethal
solution, the ANOVA showed a main effect of day o
evaluation {F (7, 140) = 5.60; p< 0.01} and the
interaction between genotype and day also achiev
significance {F (14, 140) = 2.34; p< 0.01}. Postcho
tests indicated significant differences in ethanc
consumption, particularly after five days of expesto
ethanol. At day of evaluation 6, HT animals consdme
significantly higher levels of ethanol than did Véihd
KO subjects. WT mice also significantly increase’
ethanol consumption, in comparison with KO mice. ¢ B Ethanol 10%
similar profile of ethanol consumption was observe
when animals were exposed to a 10% ethanol solutic
The ANOVA indicated a main effect of day of test {F " fot\me
(7, 140) = 6.84; p< 0.01}. The interaction betwee 6 1 —0- KO
genotype and day also achieved significance {F (1 A HT
140) = 2.81; p< 0.01}. Increases in ethanol intaleze
observed after six days of experience with a 109
ethanol solution. HT mice consumed significanth l
higher ethanol levels than those recorded in WT au Y
KO mice. Additionally, WT mice consumed more 2
ethanol than KO subjects. The results obtained wh 1 .- 1

exposing mice to a 7% or a 10% ethanol solutioreha R O el
12

Ethanol 7%

7 1 Genotype

—— WT

—0- KO
A HT

Ethanol intake (g/kg)

1 2 3 4 5 6 7

Day of evaluation

Ethanol intake (g/kg)

been summarized in Figures 3a and 3b, respectively. s 4 5 6 7 8
3.2.  Ethanol-mediated conditioned taste aversion Day of evaluation

AS E[)rf.wou?l%/h dtﬁscrlbde_fc: m'fe Oft. both . Sexe?igure 3: Ethanol consumption levels of a 7% v/v (A) and a
representative of the three different genetic stravere 10 % v/v (B) ethanol solution (g/kg) in a two-bettthoice

employed. Body weights were recorded &lyayation, as a function of genotype (WT, HT ar@)kand
commencement of the study, during both conditioningay of evaluation (1-8). Values are representednaan *
trials and during test. A three-way mixed ANOVASEM.

defined by genotype and sex (independent factord) a A three-way mixed ANOVA (genotype x sex X
days (repeated measures) showed a significant maiys) was performed to analyze water consumption
effect of sex {F (1, 61) = 78.93; p< 0.01}. In atioln, a during the 4-days adaptation period. The ANOVA
significant interaction between sex and day was alshowed significant main effects of sex and daygX¥F
evident {F (3, 183) = 4.91; p< 0.01}. Post ho@l) = 29.96 and F (3, 183) = 26.68, respectivebthb
comparisons indicated that males exhibited always’'< 0.01}; post hoc tests indicated that water
higher weights than females. Increases in body htgig consumption levels increased between the firstthad
of males were more evident during the last two d#ys second day of water adaptation, indicating thamais
recording. In females, increases in body weightseweadapt to drink from a tube, during the 2-hoursydail
noticeable during the second day of assessment. restricted period of liquid availability. In additi,
females exhibited significantly higher levels of tera
consumption than those displayed by males, during
these 4 days of adaptation.
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A three-way mixed ANOVA was conducted tobetween genotype and pharmacological treatment
analyze the acquisition curve of a conditioned etastluring conditioning has been illustrated in FigbreAs
aversion to a NaCl solution mediated by interosgpti can be observed and supported by post-hoc
effects of ethanol. This analysis was defined bgomparisons, KO and HT mice conditioned with
genotype (WT, HT and KO) and pharmacologicatthanol, exhibited significantly lower NaCl intake
treatment (water or EtOH), as between factors. &hraecores when compared with WT mice treated with this
days of NaCl consumption (conditioning days 1 and &ug or when compared with any of the remaining
and testing day) were included, as repeated measugroups exposed to NaCl-water pairings. No other
The ANOVA indicated that total amounts of NaCkignificant differences between groups were
consumed (120 min) during conditioning and testinggncountered.
was significantly affected by the pharmacologice

treatment {F (1, 61) = 12.68, p< 0.01}, and day (@& Conditioned taste aversion to NaCl

122) = 25.96, p <0.01}. The interaction betweers¢he

factors, also achieved significance {F (2, 122).848 107 Pharmacological Treatment
p< 0.01}. Post hoc Fisher’'s test indicated that Nac( 0.9 1 o —e— Ethanol
consumption scores were similar during the first dia 0.8 O Water

conditioning. When animals were injected with ethlan
immediately after consuming this sapid solutionirmyr
conditioning days, significant reductions in intake
scores were observed in comparison with levels
consumption exhibited by water-treated mice. Wihir :
group comparisons indicated that ethanol-treatecemi -
significantly reduced consumption of NaCl across tr ‘ ‘ ‘
second day of conditioning and evaluation, whe Cond.day1l  Cond.day2  Evaluation

comparing with the first conditioning day. HoweverFigure 4: Initial consumption scores (ml/10g of animal body
water-control mice failed to modify consumptionééss weight) of a 1.2 w/iv NaCl solution as a function of
of NaCl during conditioning and test. Genotypeefdil Pharmacological treatment -2.0 g/kg ethanol (igy.ater-
to exert significant effect, as well as, this faada not 2and day of test (conditioning days 1 and 2 and uatain
interact with the remaining variables undef)- Values are represented as mean £ SEM.
consideration.

If considering the initial reactivity displayed
towards NacCl (first 10 min. from a 2-hour period o
exposure), the ANOVA showed significant main eféect
of genotype, pharmacological treatment and day
evaluation {F (2, 61) = 3.81; F (1, 61) = 33.41 &(2, 1.0 —_—
122) = 70.61, respectively; all p’s< 0.05}. Additally, E=3 HT
significant interactions between pharmacologic: T
treatment and day of evaluation; and between geroty
and pharmacological treatment were observed {F (
122) = 6.99, F (2, 61) = 3.74, respectively; both 9
0.01}. Post hoc tests indicated that ethanol-tbatee
showed significant decrements in NaCl consumptic
during the second conditioning trial and at testiee
to the scores registered during the first conditign
trial. Moreover, mice that received ethanol as ¢
unconditioned stimulus paired with NaCl were fouad
exhibit significantly lower intake scores of thavbred
conditioned stimulus during the second conditioningigure 5: Consumption scores (ml/10g of animal body
trial and at test when compared with counterparté€ight) of a 1.2- wiv NaCl solution as a function of
experiencing NaCl associated with water i_d?harmacologlcal treatment -2.0 g/kg ethanol (igr.)water-
administration. The overall effects of conditioningve ?nnedar?ingg\ae (WT, HT or KO). Values are represerted
been illustrated in Figure 4. The significant iakion - '
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4. Discussion previously reported when taking into account ethano
greference scores and absolute consumption of @than

A - hibited by the genotypes under consideratiorthi
indicate that the endogenous opioid system plays . ;
important role  modulating  voluntary ethanogﬁjdy’ WT and HT mice showed higher ethanol

: o : . preference ratios when compared with KO mice. When
o s ooy AN kg of et ngste,HT i cspty
ethanol postabsorptive effects appears to be naedi nsiderably higher levels of eth_a_mol consumpth;mt
by the -capacity to synthesiz@-endorphins. As .T.a.md KO counterparts. Additionally, WT animals
previously reported by different authors, th ignificantly expressed higher consumption levels o

erdogenous opod system, paricuapencorphn. 1S U1 1 KO mce, This pater of ehane
mediated processes, is intimately involved i P

concentrations under consideration. These resufs a

modulating ethanol ingestive profiles as well as th . R :
sensitivity to ethanol’s postabsorptive consequenc 1'2%;? opposite direction those reported by Gresel

(Kieffer, & Gavériaux-Ruff, 2002; Gianoulakis, 2001 A previous study conducted by these authors

ZOOﬁu(?ns(\a/\:gtjs,&\é\:%nd,dZi\Cl)gé)é studies show  th ér,[]dicated that, as was the case of present regiilts,

L . ndorphin knockout mice on the original F2 hybrid
endogenous opioid system plays a role in etha\rﬁ . S
reinforcement. Genetically approaches ha 29, C57) genetic background exhibited decreased

demonstrated thafi-opioid receptor knockout mice consumption levels and preference scores for ethano

failed to exhibit oral self-administration of etiwarin & similar - two-bottle free choice paradigm (Grisel,

comparison with WT C57BL/J mice (Roberts et a.Grahame, Mogil, Belknap, & Low, 1995). The authors

. : oposed that differences in ethanol consumption
2000). Similar results have been  obtained WTeg{ofiles are due to the influence of strain 129t

analyzing k-opioid receptor KO mice (Kovacs et al.,

2005). Pharmacological studies suggest that ethan !&rzllss(gtrgglugi(nacl)lwnllggg)s ' ﬁnger:acr);;h?hztmg‘gg:ﬁ
induced activation of the endorphln' and enkephal kerossing gene.}ations .of c57 mousé strain the
systems may serve to reduce aversion to ethanol naﬁcuence of 129-derived alleles are not preserris@®

hence increase the probability of subsequent ethag% al., 1999). In addition to these differencetinanol

drinking. Ethanol-induced endogenous opioid releamgestive profiles, recent experiments indicatet ha
may attenuate the aversive properties of the ditlgen %ndorphin KO mice failed to exhibit locomotor

the action of endogenous opioid system is bIOCkesénsitization to chronic ethanol experiences, in
administering ethanol in conjunction with naltregon comparison with WT counterparts (AIISn & Griéel
the postabsorptive effects of ethanol are moresaxesr P P '

and animals significantly reduced ethanol intakesle 2005). If considering that increases in Iocomotlvc_e
(Froehlich, Badia-Elder, Zink, McCullough, & response has been suggested as one of the mechanism

Portoghese, 1998). by which ethanol exerts positive reinforcement

The results here described are in accordance W&%unningham, Niehus, & Noble, 1994; Risinger et al.

previous studies in which, pharmacological or genet réy}()a’slst ggﬂgtisg ?gsaséglfa:i?] Sp?gugt?e;hiz gfzgm
manipulation of the endogenous opioid syster% g prop

promotes decrements in ethanol preference patte d, _consequent]y, they WQUId be less capab!e to
and/or reduces its reinforcing properties. perceive reinforcing properties of the drug. Grisel
Grisel et al. (1999) showed thatendorphin KO Bartels, Allen, and Turgeon (2008) have recently

mice and heterozygous mice, exhibit considerab ngglrjcrt]?r?s ?)nwt?]t Sttc;egstfégmgﬁséh% ”g\lllg?ggﬁr%?fbas
higher levels of preference for a 7 % v/v ethang P b y

solution, in comparison with wild-type animals. Ass measures of anxiety as well as on EtO!—i-md_uced
varying EtOH concentration (10 % viv) only th anxiolytic beha\{lor mB-endorphms transgenic mice.
heterozygous mice were found to consistently drir‘ hey found a direct relationship betwefsendorphin

more than wild-type mice. KO mice have also beeﬁve'S and the percentage of entries into open afms

observed to exhibit heightened predisposition t?emP;urtsmlza/lri?tzeofstt:/éelIL?Shtt-rlljeartILmEoipngrilrr: thgtals'g?
intravenously self-administer ethanol when compareé) P 9 9

with WT mice (Grahame, Low, & Cunningham, 1998)condltlons, suggesting that this peptide normally

The results here described do not coincide Witrsethomh'br[S anxious behavior. However, mice Iacklﬁg :
endorphins demonstrated an exaggerated anxiolytic

The results derived from these experimen
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response to EtOH in these assays. animals, not only showed lower predisposition tif- se

A recent study has evaluated ethanol preferenadminister different ethanol concentrations but ever
patterns in B-endorphin KO mice under baselinealso more likely to express conditioned taste awess
conditions and after stress exposure (Racz e2@D8). mediated by ethanol’s postadministration effects.

They found that ethanol consumption was signifilyant Genetic correlations between ethanol consumption
reduced in the absence pfendorphins. In addition, levels and the propensity to develop ethanol-mediat
stress exposure resulted in increased ethar®@I'A have been widely reported in previous literatur
consumption in wild-type mice but did not influenceRat and mice strains bred for ethanol avoidance, ar
ethanol-drinking ir-endorphin knockouts. more sensitive to express ethanol CTA than animals

The lack of concordance between results obtainkéded for ethanol preferences (Chester et al., 2003;
by different, either experimental protocols ofFroehlich et al., 1998; Quintanilla, Callejas, &igier,
environmental animal facilities, determines th&001). Additionally, rats selectively bred for thei
necessity of increasing the analysis of the meshasi capacity to develop CTA mediated by different
which involvep-endorphins in the regulation of ethanounconditioned stimuli (ethanol being one of them)
intake and preference patterns. Experiments in lwhiexhibit lower ethanol preferences than do count&pa
KO mice are supplemented with the administration aklectively bred for their resistance to developACT
the neuropeptide, could be conducted to analyze (Elkins, Walters, & Orr, 1992). Several authors énav
patterns of ethanol consumption and behavioralso reported that exist genetic correlations betwe
responsiveness are similar those exhibited by tyipg- ethanol CTA acquisition and the sensitivity to
siblings. withdrawal effects of the drug (Broadbent, Muccigo,

In the present study, consumption scores of ethar@linningham, 2002; Crabbe, Kosobud, & Young, 1983).
exhibited by animals derived from the C57BL/6JistraAs a function of the results here describgd,
(WT) were considerably lower than those commonlgndorphins synthesis seems participate in attesruafi
reported for this genetic line of mouse (Bachmaabv aversive postabsorptive ethanol effects. Consetyyent
al., 2002; Gabriel, & Cunnigham, 2005; Gianoulakisgnimals unable to synthesize the endogenous
Krishnan, & Thavundayil, 1996; Grahame, Mosemillemeuropeptide do not express compensatory mechanisms
Low, & Froehlich, 2000; Roberts et al., 2000). Oncthat mitigate negative consequences of ethanol
again, different intervening variables; environna¢rats intoxication.
well as genetic, could be responsible for the above Finally, the present study suggests thgt
mentioned changes concerning ethanol intake patteendorphins mediate responsiveness to ethanol,nipt o
in this mouse strain. Expression or silence of sonme terms of consummatory patterns of the drug tad a
genes can be modified when increasing the numberiofterms of the sensitivity of the organism to etbles
generation backcrosses (Opsahl et al., 2002)cthutd  aversive unconditioned capabilities.
be a potential explanation for this opposite resifit Acknowledgments
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