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Repeated Binge-Like Ethanol Administration During Adolescence
cause Decreased C-Fos Immunoreactivity in Amygdala and
Arcuate Nucleus in Adult Sprague-Dawley Rats
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en la Expresion de C-Fos en la Amigdala y Nuicleo Arqueado de Ratas Sprague-Dawley Adultas
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SUMMARY: Binge alcohol drinking during adolescence has been associated with neurotoxicity and increased risk for the
development of alcohol use disorders. There is evidence that acute and chronic ethanol administration alters c-fosaxprdgsicn,
index of cellular activity, in different brain regions in adult rats. We evaluate here if a binge-like pattern of ethanwk eyrisy
adolescence has a relevant impact on basal and/or ethanol-stimulated regional c-fos activity during adulthood. For tiaguaim, Sp
Dawley rats PND 25 were saline pre-treated, (SP group) or binge-ethanol pre-treated (BEP group) for two—consecutive-ldays, at 48
intervals, over a 14-day period (PND 25 to PND 38). At adult stage (PND 63) and following 25 ethanol-free days, we e¥atuated c-
immunoreactivity in response to saline or acute ethanol (1.5 or 3.0 g/kg) in the hypothalamus and amygdala. We foundttietalcute
administration dose-dependently increased c-fos activity in the the Paraventricular nucleus of the hypothalamus (PViNglynterest
binge-ethanol exposure during adolescence significantly reduced basal c-fos activity during adulthood in the Central thecleus of
amygdala (CeA) and the Arcuate nucleus of hypothalamus (Arc). We conclude that binge-like ethanol administration durermgradolesc
causes long-term disturbances in basal neural activity in brain areas critically involved with ethanol consumption.

KEY WORDS: C-Fos; Immunoreactivity; Rats; Binge-like ethanol administration; Adolescent; Arcuate nucleus of
hypothalamus (Arc); Central nucleus of the amygdala (CeA); Paraventricular nucleus of the hypothalamus (PVN).

INTRODUCTION

Binge alcohol drinking is a widespread behavior Adolescence is an important period of brain
among adolescents that constitutes a worrying phenomerdavelopment characterized by high vulnerability to ethanol
predicting an increased prevalence of alcoholism in futuexposure (Pascuat al., 2009). Animal research has
societies. The National Institute on Alcohol Abuse angrovided consistent evidence that binge-like ethanol
Alcoholism (2004) defines binge-like drinking as theexposure during this period causes long-lasting
consumption of 4-5 drinks within about 2 h, reaching bloodeuroadaptive changes in neural pathways that are critically
ethanol concentration of 0.08 g/dL. In USA, about 57% afivolved in the neurobehavioral responses to ethanol
12 to 21-year olds exhibit this pattern of heavy drinkinglerma-Cabrerat al, 2013; Przybycien-Szymansksal,
(Substance Abuse and Mental Health Servicez011; Logripet al, 2013), increases the risk of ethanol
Administration, 2009). According to the data of Nationatonsumption and preference during adulthood, and
Service for Drug and Alcohol Prevention and Rehabilitatiopromotes inhibition of molecular and cellular
(SENDA), 59.37% of 13 to 17-year old Chilean peopl@euroadaptations (Pascugtl al), in adult rats. These
exhibit this pattern (Observatorio Chileno de Drogas. Sesdaptations led to the hypothesis that long-term plasticity
vicio Nacional para la Prevencion y Rehabilitacion del Coris one important underlying mechanism involved in
sumo de Drogas y Alcohol (SENDAJD13). addiction (Nestler, 2004).
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The expression of the c-fos activity has been used e Spanish Royal Decrees 1025/2005 for reducing animal
an anatomical marker of activated brain areas. In animatmgin and discomfort and the protocols were approved by the
there is evidence that acute ethanol administration triggedsiversity of Almeria Bioethical Animal Care and Use
c-fos expression in several brain regions (Cletrag, 1995; Committee.

Ogilvie et al, 1998), a phenomenon which has been

associated to activation of intracellular pathways (Curran Ethanol exposure Morning doses of either 25% (w/v)
Morgan, 1995). Alternatively, in adult rats chronic ethanathanol (3.0 g/kg) in isotonic saline, or saline, were
exposure reduces in several rat brain areas including the lagldninistered intraperitoneally (i.p.) to 25-day old pups on
nucleus of the stria terminalis (BNST), paraventriculatwo consecutive days with gaps of 2 days without injections,
hypothalamic nucleus (PVN), the central nucleus aduring 2 weeks. Specifically, pups were injected at PND 25,
amygdala (CeA), Edinger-Westphal nucleus (EW), locu26, 29, 30, 33, 34, 37 and 38. In this way each young rat
coeruleus nucleus (LC) and parabrachial nucleus (PB), received eight alcohol doses simulating the binge, an
fos expression triggered by i.p. ethanol administratiomntermittent drinking pattern characteristic of young students
(Changet al). Also, short-time abstinence (hours or daysand adolescents (Pascaeahl; Lerma-Cabrerat al, 2013)
induced in rats an increase in c-fos immunoreactivity in alFig. 1).

major part of the brain (for a review see, Vilpaial, 2009).

In brief, molecular data in animal ethanol research indicat®erfusions, Brain Preparation, and Immunohistochemistry
that ethanol exposure, both acute and chronic, significan{iyHC) . Twenty five days after the final injection (adult stage,
alters brain regional cellular activity as measured by c-fd&dND63), animals were injected with ethanol i.p. (25% v/w,
immunoreactivity. However, whether ethanol exposurmixed in isotonic saline) in one of three possible doses:
during adolescence alters basal and/or ethanol-elicited sadine; 1.5 g/kg or 3.0 g/kg and the brain processed to
gional c-fos immunoreactivity in the adult brain remaingjuantify ethanol-induced immunoreactivity expression in
unknown. ethanol and saline-pretreated rats in adolescence.

The present study addresses whether a binge-like  The animals were euthanized two hours post-ethanol
pattern of ethanol exposure known to elicit duringadministration with an overdose of sodium pentothal (80
adolescence (postnatal days (PND) 25—-38) promotes basaj/kg in 1 mg/kg volume) and transcardially perfused with
and/or ethanol elicited c-fos immunoreactivity later duringhosphate buffered saline (PBS) followed by 0.1 M
adulthood (PND 63) in regions of the hypothalamus anghosphate buffered paraformaldehyde 4% (PH 7.4). The 2
CeA, which are key brain regions known to be involved ihours post-injection perfusion time was chosen because we
the neurobiological responses to ethanol and ethartdve previously found treatment induced differences in
consumption. Furthermore, the previous study found thptotein at this time interval (Thiek al, 1997, 1998). The
binge-like ethanol exposure during adolescence significantiyains were removed and post-fixed in paraformaldehyde
reduced basat-MSH IR in the central CeA, PVN and thefor 48 h at 4°C, at which point they were transferred to PBS.
arcuate nucleus of the hypothalamus (Arc) during adultho&krebral sections were cut in coronal sectioqu®0thick
(Lerma-Cabrerat al., 2013). with a motorized vibrotome and stored in PBS until the IHC

assay. Sections were evenly divided into three sets (every-
other section) for processing with c-fos antibodies. A total
MATERIAL AND METHOD of 4 different brain regions were collected based on Paxinos
& Watson (1998) stereotaxic atlas coordinates: the arcuate
hypothalamic nucleus (Arc), bregma -2.12 to -2.8 mm; the
Animals. Sixty Sprague-Dawley rat pups on postnatal day
(PND 25) (Charles River Laboratories, Spain) were used as
subjects in these experiments. Pups remained Singe-iixe sthanclexposure Acutecianci
housed in groups of four rats per cage and s = SominlpteEton
maintained in an environmentally controlled
Age 25 26 29 :lm

room (22C temperature on a 12:12h light-dark ——t—t

(days)

cycle). Standard rodent chow and water were T

provided ad “bl_tum throughout the experlmer?tﬁzig' 1. Schematic temporal representation of ethanol injections during binge-
and all the manipulations were conducted durln(ﬁke ethanol pre-treatment during adolescence beginning on PND25. Twenty-
the dark phase. Behavioral procedures angle gays after the last injection was administered, adult rats were tested on
pharmacological techniques were in complianc@ND63 with one of two acute doses of ethanol (1.5 g/kg or 3 g/kg) or saline to
with the animal care guidelines established byvaluate basal and ethanol-stimulated regional c-fos expression.
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central nucleus of amygdala (CeA), bregma -3.14 to -2.36r each brain region. Independent two-way, 2 x 3 (pre-

mm; the paraventricular nucleus of hypothalamus (PVNijreatment x dose) ANOVAs were performed on IHC data

bregma-1.8to -2.12 mm; and lateral hypothalamic area (Lidpllected from each brain region. When significant

bregma -1.8 to -2.56 mm. differences were found, post hoc analyses were conducted
using the Newman-Keuls (NK) test. In all cases, p < 0.05

Immunohistochemistry for c-Fos expressionBrain slices  (two-tailed) was used as the level of statistical significance.

were rinsed (3X, PBS), incubated for 30 min in 0.3% H202

in absolute methanol to quench endogenous peroxidase

rinsed (3X, PBS) and incubated for 1 h in 3% goat serum RESULTS

PBS. Slices were then transferred, without rinsing, to the

primary antibody solution; which consisted in 1:10000 c-

fos polyclonal rabbit IgG (Santa Cruz Biotechnology, Santa-fos expression in Regions of the Hypothalamus and

Cruz, CA) that recognizes residues 3-16 of the c-fos protei@eA in saline (SP) and binge-ethanol (BEP) pre-treated

After 36 h incubation at 4°C, slices were rinsed (10X, PBgyoups.

and processed with ABC method (Vector Laboratories,

Burlingame, CA). Briefly, the slices were transferred to Arcuate Nucleus of hypothalamusFigure 2A shows data

solution containing biotinylated anti-rabbit IgG for 1 h, rinsedepresenting the average densities of c-fos immunoreactivity

(10X, PBS), transferred to avidin-biotin peroxidase for 1 m the Arc of BEP and SP rats given i.p. injection of saline

(5X,PBS, 30 min, then 5X, PB, 30 min), and developed witfn= 7 and 6, respectively), a 1.5 g/kg dose of ethanol (n= 10

nickel-intensified diaminobenzidine substrate (6 min)

Following proper development, slices were rinsed (PBS, : A

min) mounted on slides, and coverslipped with Permoun

§ 1.59 *Treatment effect; p<0.05 [ SP
1 *, -

Quantification of regional c-fos immunoreactivity (IR). Pas '§' s Em BEP
Digital images of c-fos immunohistochemistry were obtaine § & 1.0-

on an Olympus BX50 microscope equipped with a Pix¢ & &

Link digital camera run with Visiopharm software. For @ o

analysis, great care was taken to match sections through § < 05

same region of brain and at the same level using anator g,;:‘_’ e

landmarks with the aid of a rat stereotaxic atlas (Paxinos & £

Watson). Densitometric procedures were used to ass: }t'

protein levels. Flat-field corrected digital pictures (8-bi 0.0 Saline 1.5 glkg 3.0 glkg

grayscale) were taken using the Pixel Link digital camel

and density of staining was analyzed using Image J sc Ethanol dose
ware (Image J, National Institute of Health, Bethesda, ML Saline 1.5 gkg
by calculating the percent of the total area examined tt T B |
showed signal (cell bodies and processes) relative tc
subthreshold background. The size of the areas that w: SP
analyzed was the same between animals and groups.
subthreshold level for the images was set in such a way tl

any area without an experimenter defined level of stainir

was given a value of zero. Anatomically matched picture

of the left and right sides of the brain were used to produ BEP
an average density for each brain region from each slice. EE
all cases, quantification of immunohistochemistry data weé.. ol ol B

conducted by an experimenter blinder to the experimenfap. 2. Quantification of c-fos immunoreactivity (% area) in the
conditions. arcuate nucleus of hypothalamus (Arc; A). Adult rats naive or pre-

exposed to ethanol in adolescence were given intraperitoneal

Data AnalysesAll data collected in this study are presenteg]jedion of isotonic saline or a 1.5 g/kg or 3.0 g/kg dose of ethanol,
and brains were collected 2 hours after injections. Representative

as meant SEM and dlfferenc.es between groups Werﬁhotomicrographs of 50 mm coronal sections showing c-fos
analyzed using analyses of variance (ANOVA) procedur<—:~|§,,mumreamivity (IR)in SP (B, C, D) and BEP (E, F, G) animals

Because we expected that ethanol induced alterations oféeiving saline during the test day are depicted in the figure. Values
fos would be site specific, separate ANOVAs were performede represented as meaSEM.

3.0 gKg
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and 8, respectively) or a 3.0 g/kg dose of ethanol (r
8 and 7, respectively). A two-way ANOVA performed

on these data revealed a significant main effect of pr & 107 *pose effect; p<0.05 ] SP
treatment [F(1, 40)=5.13, p < 0.05] and dose [F( '::',' w B BEP
40)=4.33, p < 0.05]. Additional NK tests showed tha % 2 8
the high dose of ethanol significantly increased c-fc P
expression in the Arc compared to c-fos expressic = = 6
induced by saline administration and the low dose « £ §
ethanol; however, no differences were observe % o 4
between ethanol- and saline- pretreated rats gg
adolescence. The pre-treatment x dose interactionw ® = 24
not statistically significant [F(2, 40)=0.34, p > 0.05]. g a
0
Paraventricular nucleus of hypothalamus.Figure Saline 1.5 g/kg 3.0 g/kg
3A shows data representing the average densities Ethanol dose

c-fos immunoreactivity in the PVN of BEP and SF
rats given i.p. injection of saline (n= 5 and 8
respectively), a 1.5 g/kg dose of ethanol (n=8 and 1
respectively) or a 3.0 g/kg dose of ethanol (n= 8 ar

10, respectively). A two-way ANOVA performed on g§p
these data showed a statistically significant main effe
of dose [F(2, 43) = 16.58, p < 0.001]. Neither the pre
treatment [F(1, 43) = 1.458, p > 0.05] nor the
interaction [F(2, 43) = 0.454, p > 0.05] effects wert
statistically significant. Taken together, these resuli
show that both doses of ethanol produced marke
increases in c-fos expression in the PVN, both in BE
and SP rats.

BEP

. . Fig. 3. Quantification of c-fos immunoreactivity (% area) in the
Lateral hyPOthalam'C area. Figure 4_ ?hows data paraventricular nucleus of the hypothalamus (PVN; A). Adult rats naive
representing the average densities of c-fog pre-exposed to ethanol in adolescence were given intraperitoneal
immunoreactivity in the LH of BEP and SP rats giverjection of isotonic saline or a 1.5 g/kg or 3.0 g/kg dose of ethanol, and
i.p. injection of saline (n= 6 and 8, respectively), a 1.brains were collected 2 hours after injections. Representative
g/kg dose of ethanol (n= 8 and 10, respectively) orghotomicrographs of 50 mm coronal sections showing c-fos
3.0 g/kg dose of ethanol (n=7 and 10, respective|yi)1_1munoreactivity (IR)in SP (B, C, D) and BEP (E, F, G) animals receiving
Atwo-way ANOVA performed on these data revealed@line during the test day are depicted in the figure. Values are represented
that neither the pre-treatment effect [F(1, 43) = 0.358S Meart SEM.

p > 0.05], the dose effect [F(2, 43) = 1.644, p > 0.05]
nor the pre-treatment x dose interaction [F(2, 43)

0.840, p > 0.05] attained statistical significance. “8_ 19 — SP
Ll
OT Il BEP
Central nucleus of amygdalaFigure 5A shows data % g 0.8+
representing the average densities of c-fo ¢ ®
immunoreactivity in the CeA of BEP and SP rats give -?_, 2 0.6
=<
5 b
= - 0.4+
Fig. 4. Quantification of c-fos immunoreactivity (% g, _g
area) in the lateral nucleus of the hypothalamus (LH).%’ >
8 : c 0.21
Adult rats naive or pre-exposed to ethanol ing *=
adolescence were given intraperitoneal injection ofz,~ 0.0

isotonic saline or a 1.5 g/kg or 3.0 g/kg dose of ethanol, :
and brains were collected 2 hours after injections. 2 ling 1.5.9/kg 3.0.9/kg
Values are represented as megBEM. Ethanol dose
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i.p. injection of saline (n= 6 and 8, respectively), a 1.5 g/kg dose athanol induced c-fos IR later during adulthood
ethanol (n= 8 and 10, respectively) or a 3.0 g/kg dose of ethanol (nm &eA and hypothalamic brain region. The main
and 9, respectively). A two-way ANOVA performed on these datasults we report here are: 1) binge-like ethanol
revealed a significant main effect of pre-treatment [F(1, 43)=5.661, mre-treatment during adolescence reduced basal
0.05] and dose [F(2, 43)=11.05, p < 0.01], but the pre-treatment x dodfes IR in the Arc and CeA during adulthood;
interaction was not statistically significant [F(2, 43)=1.102, p > 0.05}) acute ethanol increased c-fos IR in the Arc,
Additional NK tests showed that the high dose of ethanol significanfR¥N and CeA when tested during adulthood in
increased c-fos expression in the CeA compared to c-fos expressioth the SP and BEP groups.
induced by saline administration and the low dose of ethanol, both in
BEP and SP rats. The first important observation in the
A study shows that Sprague-Dawley rats exposed
to repeat binge-like ethanol administration
3.59 *rreatment effect: p<0.05 C spP dudrin? zaldolfebscerllcef exlgpit(tar? sAignifigatEt
* v reductions of basal c-fos IR in the Arc and the
3,07 -Dose:afioct; p=0.05 ., BEF CeA during adulthood, relative to rats exposed
2.54 to saline. It has been proposed that the
sensitization of c-fos expression in response to
2.0+ chronic administration of ethanol is indicative
1.54 of the process of cellular adaptation or neuronal
: plasticity at the level of gene regulation, as a
1.0 result of chronic usage of ethanol (Changl).
o Because neuroadaptation may constitute part of
0.0

in the CeA (% area)

the long-term, long-lasting neural changes that
take place in addiction (Nestler), reduced c-fos
Saline 1.5 glkg 3.0 g/kg indu.ction QUring adulthood in_ response to
continued binge-like ethanol administration over

Ethanol dose the adolescence might be an indirect index of

Saline 1.5 gkg 3.0 gKg unknown long-lasting cellular adaptive
R Q i 8 mechanisms that contributes to altered ethanol

Average densities of c-fos

consumption. Regarding basal changes in c—fos
IR the CeA, the present finding is consistent with
previous studies demonstrating that continued
ethanol injections for 17 or 24 days provoked
desensitization of c-fos activity in the CeA when
compared to acute ethanol exposure (Chetng
al.; Ryabininet al, 1997). Given the well-known
roles of the hypothalamus and the amygdala in
ethanol intake (Alleet al,, 2011; Gilpin & Ro-
; = Ko berto, 2012), and the fact that binge-like ethanol
e SRR e i | exposure during adolescence increases the
Fig. 5. Quantification of c-fos immunoreactivity (% area) in the central nuclepgobability of ethanol consumption during
of amygdala (CeA; A). Adult rats naive or pre-exposed to ethanol in adolescegerilthood (Pascuadt al), it is tempting to

were given intraperitoneal injection of isotonic saline or a 1.5 g/kg or 3.0 gl'ﬁﬂopose that long-lasting reduction of c- fos IR

dose of ethanol, and brains were collected 2 hours after injections. Representﬁt'i\fﬁe Arc and CeA by binge-like ethanol pre-

photomicrographs of 50 mm coronal sections showing c-Fos immunoreactivtl}%atment during adolescence might contribute

(IR) in SP (B, C, D) and BEP (E, F, G) animals receiving saline during the tes . .

day are depicted in the figure. Values are represented astn$#zv. to the mpreasgd vulnerability to ethanol
consumption during adulthood.

SP

BEP [lgiflailli 5o

DISCUSSION Bedside, the basal altered c-fos IR in the
Arc of BEP rats, raises an interesting possibility
of altered activity in the Melanocortin system

The purpose of the work presented here was to address whe{M€). Central MC peptides are produced by
binge-like ethanol exposure during adolescence alters basal anduarons in the Arc and include
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adrenocorticotropic hormone, a-melanocyte stimulatirgdministration (1.5 g/kg i.p.) (Ryabiniet al). In the
hormone (a-MSH) (Cone, 2005). Agouti related-proteipresent study, we used young rats that received eight alco-
(AgRP), a ruropeptide produced in the hypothalamus arftbl doses simulating the binge (3.0 g/kg i.p.), an
co-secreted with neuropeptide Y (NPY) in the samimtermittent drinking pattern characteristic of young
synaptic complexes as a-MSH, functions as a natural Mffudents and adolescents. Given that binge-like ethanol
receptor (MCR) antagonist (Cone, 2005). M@xposure during adolescence increases the probability of
neuropeptides, in the brain, act through at MC3 receptethanol consumption during adulthood (Pasetall.), it
(MC3R) and MC4R (Cone). Central administration ofs tempting to propose that LH is implicated the
potent non-selective MCR agonist melanotan-Il (MTlIdevelopment of ethanol dependence, but not implicated in
and a selective MC4R agonist significantly reducethe vulnerability to ethanol consumption during adulthood.
voluntary ethanol in adult mice and rats (Navat@l, Nonetheless, the observation that binge-like ethanol pre-
2005, 2011; Lerma-Cabregt al., 2012), but not MTII treatment reduced c-fos IR in some, but not all, regions,
administration in Mc4r-/- mice (Navargd al, 2011). Cen- suggests that the effects are brain-region specific and limits
tral AQRP and HS014, MC4R antagonist administratiothe possibility that reductions in c-fos IR reflect non-
increases voluntary ethanol consumption in mice and rapecific ethanol-induced cellular toxicity.
(Navarroet al, 2005; Lerma-Cabregt al, 2012). In another
way, binge-like ethanol exposure during adolescence One possibility for present differences found in
significantly reduced basaFMSH IR in the Arc and acute ethanol pre-exposed vs. non pre-exposed animals in c-fos
i.p. ethanol administration increased AgRP IR in the ArtR animals in response to acute ethanol is the existence of
(Cuberoet al, 2010; Lerma-Cabrerat al, 2013). Taken group differences in peripheral ethanol metabolism. Arguing
together, available pharmacological, genetic anagainst this explanation, a recent study carried out in our
immunohistochemistry experimental evidence, and i.clabs demonstrated that binge-like ethanol pre-treatment
administration of MTIl increased c-fos IR in the Arc (Thieleduring adolescence does not significantly alters blood ethanol
et al, 1998), we speculate that present data showing alter@hcentration achieved in response to acute ethanol
c-fos IR in the Arc of adult animals previously exposed to administration in comparison with saline pre-treated group
binge-like ethanol exposure pattern during adolesee during adulthood (Lerma-Cabreztal, 2013). Nonetheless,
might reflect long-term ethanol-promoted basal changegs/en that several studies have shown that in adolescence
in Melanocortinergic activity in the Arc. Additional the rates of ethanol metabolism reach (Silveri & Spear, 2000)
immunohistochemical double labelling studies aimed tor slightly exceed (Brasser & Spear, 2002) those of adult
describe the phenotypic nature of cells showing alteredanimals, it is premature to completely rule out the existence
fos activity, as measured by co-localization of c-fos inf mild metabolic disturbance in BEP rats.
MC-neurons, are needed for the further test of this
hypothesis. In brief, we show here for the first time that binge-
like ethanol treatment during adolescence significantly re-
The second relevant observation in the study is thdtices basal c-fos IR in the Arc and the CeA during
acute administration of ethanol elicited an increase of adulthood. It is possible that reduced c-fos signalling from
fos IR in the Arc, the PVN and CeA, but not in the LHadolescent hinge-like ethanol exposure reveals unknown
which is consistent with previous molecular evidenceeural adaptations that may contribute to the increased
(Changet al; Thieleet al, 1997; Vilpouxet al). Acute vulnerability to initiate ethanol consumption in adulthood.
i.p. ethanol increased c-fos IR in the CeA and the PVN ifhe functional connection between reduced c-fos IR in
rats (Changt al). This is the first study to our knowledgeCeA and the Arc and those behavioural effects observed
showing the increased c-fos IR in the Arc in response &fter binge-like ethanol exposure during adolescence is a
acute administration of ethanol. Present data showing thapic that warrants further investigation.
acute ethanol administration activates the Arc provides
additional evidence to the hypothesis that holds a key role
for the MC system in neurobiological responses to ethald®CKOWLEDGEMENTS
and ethanol consumption (Chaetal; Thieleet al, 1997).

In our study we did not find evidence of significant This work was supported by MEC grants (Spain),
c-fos activity in the LH as a result of chronic ethandSEJ2006-03629, PSI2009-07677], Junta de Andalucia grant
administration during adolescence. This result contragtsTS-1350], FEDER [UNAMO05-23-006], NIH grant
with previous evidence showing that in adult rats increasdlA013573, AA015148] and the Department of Defense
c-fos IR in the LH following 14 days of moderate ethanagjrants [W81XWH-06-1-0158, W81 XWH-09-1-0293].
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RESUMEN: El consumo en atracén durante la adolescencia esta asociado con neurotoxicidad y con el riesgo de desarrollar un trastorno
en el uso de alcohol. Diversos estudios muestran que la administracion aguda y crénica de alcohol en ratas adultgzediérada exfos,
un marcador indirecto de actividad celular, en diferentes areas cerebrales. Nosotros evaluamos si el patron de consohen derataii
durante la adolescencia tiene un impacto en la actividad basal de c-fos en esas regiones activadas por el alcohol.at#diSpresue-
Dawley en su dia post-natal 25 (PND25) tratadas con suero salino (grupo SP) o con etanol tipo atracon (grupo BEP) dasacte siesue
tivos, en intervalos de 48 h, durante 14 dias (PND25- PND38). En la edad adulta (PND63) y después de 25 dias sin etaosllaevalua
inmunorreactividad para c-fos en respuesta a una administracion aguda de suero salino o etanol (1,5 ¢ 3,0 g/kg) eagideesntesabra-
les. La administracion de alcohol incrementé de manera dosis-dependiente la actividad de c-fos en el nlcleo paravehtpotdtandel
Ademas la exposicién a etanol tipo atracén durante la adolescencia disminuyd la actividad basal de c-fos en la adutea eergtalde la
amigdala y en el nicleo arqueado del hipotalamo. Concluimos que el consumo de alcohol en atracén durante la adole quehtéaEzriga
largo plazo en la actividad basal de regiones cerebrales implicadas en el consumo de alcohol.

PALABRAS CLAVE: C-Fos; Inmunorreactividad; Ratas; Administracion de alcohol en atracén; Adolescentes; Nucleo ar-
gueado del hipotalamo (Arc); Nucleo central de la amigdala (CeA); Nucleo paraventricular del hipotalamo (PVN).
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