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ABSTRACT
Benjamin R. Cox: Repeated Cycles of Binge-Like Bthdrinking
in C57BL/6J Mice Augments Subsequent Voluntary
Ethanol Intake But Not Other Dependence-Like Phgrext
(Under the direction of Dr. Todd E. Thiele)

Background: Recently, procedures have been developed to nspéelfic facets of
human alcohol abuse disorders, including thosertioatel excessive binge-like drinking
(i.e., “drinking in the dark”, or DID) and excessidependence-like drinking (i.e., resulting
from intermittent ethanol vapor exposure). Simiauropeptide systems modulate excessive
ethanol drinking stemming from both proceduressingl the possibility that both paradigms
are actually modeling the same phenotypes andetriigg the same central neuroplasticity.
Therefore, the goal of the present project wasudysthe effects of a history of binge-like
ethanol drinking, using DID procedures, on phenesytinat have previously been described
with procedures to model dependence-like drinking.

Methods: Male C57BL/6J mice first experienced 0 to 10 4-dange-like drinking
episodes (3 days of rest between episodes). Begjrd4i-h after the final binge-like drinking
session, mice were tested for anxiety-like behavfaith elevated plus maze (EPM) and
open-field locomotor activity tests), ataxia wittetrotarod test, and sensitivity to handling-
induced convulsions (HICs). One week later, micgapea 40-day 2-bottle (water versus
ethanol) voluntary consumption test with concemaratanging from 10 to 20% (v/v)
ethanol.

Results: A prior history of binge-like ethanol drinking sificantly increased

subsequent voluntary ethanol consumption and edey; effects most robust in groups that

il



initially experienced 6 or 10 binge-like drinkingisodes and completely absent in mice that
experienced 1 binge-like episode. Conversely, @tyi®of binge-like ethanol drinking did not
influence anxiety-like behaviors, ataxia, or HICs.

Conclusions:Excessive ethanol drinking stemming from DID prhoes does not
initially induce phenotypes consistent with a dejence-like state. However, the subsequent
increases of voluntary ethanol consumption andepeetce that become more robust
following repeated episodes of binge-like ethanmoildng may reflect the early stages of
ethanol dependence, suggesting that DID procednagsoe ideal for studying the transition

to ethanol dependence.
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CHAPTER 1
INTRODUCTION
Early pre-clinical alcoholism research primarilyied on animal models that
involved voluntary consumption of ethanol, in whielts or mice were given 24-h/day access
to ethanol and water simultaneously in separatégsoHowever, voluntary ethanol
consumption may not be the most appropriate maagdidman alcohol abuse disorders, as
rodents typically consume low amounts of ethanattvido not generate blood ethanol
levels thought to be pharmacologically meaningRédcently, procedures have been
developed to model specific facets of human alcabolkse disorders. Such procedures
include those that model excessive binge-like dniglorior to the development of
dependence (Boehm et al., 2008; Lowery-Gionta.eR@lL2; Lowery et al., 2010; Sparrow et
al., 2012; Sprow and Thiele, 2012), excessive ethatake stemming from ethanol
dependence (Funk et al., 2007; Gilpin et al., 2®Rdherts et al., 1996), excessive relapse-
like ethanol drinking (Spanagel and Holter, 2000ai&agel et al., 1996; Sparta et al., 2009)
and ethanol seeking behaviors (Le et al., 199%tlad., 1998; Weiss and Liu, 2002). These
models have been useful for discovering the ne@mwmatal pathways and the neurocircuitry
involved in alcohol-related behaviors.
Recent evidence has been presented suggestintetitapeptide systems,
specifically neuropeptide Y (NPY) and corticotropateasing factor (CRF), modulate
excessive binge-like ethanol drinking in C57BL/6i¢@rthat have been described as non-

dependent. Using the procedure called “drinkinthendark” (DID; (Rhodes et al., 2005;



Rhodes et al., 2007)), central administration oFcRreceptor (CRF1R) antagonists and
NPY were found to prevent binge-like ethanol dmkin mice. Interestingly, CRF1R
antagonists and NPY failed to alter low level nange-like ethanol drinking, suggesting that
central CRF and NPY systems are recruited only aftfficient blood/brain ethanol
concentrations are achieved, which may motivateiwoed binge-like drinking (Lowery-
Gionta et al., 2012; Lowery et al., 2010; Sparrawle 2012). Interestingly, central
administration of CRF1R antagonists or NPY have hken shown to protect against
excessive dependence-like ethanol drinking in reglérat have had a prior history of
repeated intermittent ethanol vapor exposure,lirge compounds failed to alter low level
ethanol intake in non-dependent animals (Gilpialgt2011; Roberto et al., 2010). The
striking similarity between results obtained witlaels of binge-like ethanol drinking in
“non-dependent” animals and in “dependent” anirhals led our group to propose that
overlapping systems may be involved (Lowery-Giaettal., 2012; Sparrow et al., 2012;
Thiele, 2012). Theoretically, CRF signaling is i&sed and NPY signaling is blunted when
sufficient brain ethanol levels are achieved dubimge-like drinking, stimulating continued
excessive ethanol intake. Alterations in neuroglepsignaling are thought to initially be
transient, but with repeated episodes of bingedikeking these neuroplastic changes may
become rigid, contributing to excessive dependéikeedrinking.

One possibility is that procedures to promote bilikg ethanol drinking and
procedures to induce dependence-like ethanol argnitre actually modeling the same
phenotypes and trigger the same neuroplastic ckangdhke brain. Thus, it might be argued
that the amount of ethanol exposure achieved wibh [pocedures is sufficient to induce a

dependence-like state, and in fact that exposuedgher DID procedures or ethanol vapor



accomplish the same end-point. If this is true, woeld predict that DID procedures should
promote phenotypes consistent with ethanol depexeden

Therefore, the goal of the present project wasudysthe effects of a history of
binge-like ethanol drinking on phenotypes that haneiously been described following
intermittent ethanol vapor exposure (Becker andeizog004; Crabbe et al., 1991,
Kliethermes et al., 2004; Lopez et al., 2011; Philiet al., 2012). A dependence-like state is
typically associated with subsequent increase®hintary ethanol consumption and self-
administration (Becker and Lopez, 2004), and meeethbeen shown to exhibit elevated
anxiety-like behaviors (Kliethermes et al., 2004%reased ataxia (Philibin et al., 2012), and
increased sensitivity to handling-induced convuigidICs) following 24-h or more of
withdrawal after ethanol vapor exposure (BeadlekliBg and Wiren, 2006; Homanics et al.,
1998). In fact, it could be argued that these walagl-induced phenotypes promote
increased ethanol consumption via negative reiefoent (Koob, 2003; Koob and Le Moal,
2001). Here, we assessed anxiety-like behavicagjaatHIC, and finally voluntary ethanol
consumption in mice with varying amounts of expeceewith binge-like ethanol drinking

using DID procedures.



CHAPTER 2
METHODS

Animals

Male C57BL/6J mice (Jackson Laboratories, Bar Harllc) were 6-8 weeks of age
and weighed 20-30 g upon arrival. Mice were housdividually in standard plastic cages
and allowed to habituate to the environment fdeast 1 week before experimental
procedures were initiated. The animal colony raess maintained at ~2€ with a 12h/12h
light/dark cycle (lights on at 0700 h). Mice hadilibitum access to food throughout all
experiments andd libitum access to water except during ethanol accessted helow. All
procedures used were in accordance with the Ndtios@tute of Health guidelines and were
approved by the University of North Carolina Ingtibnal Animal Care and Use Committee.
Drinking-in-the-dark Procedure

All experiments utilized a 4 day drinking-in-thesét (DID) procedure that our group
and others have used previously to generate higlislef ethanol intake that are associated
with blood ethanol concentrations (BECs) in exad<80 mg/dl, typically greater than 100
mg/dl (Lowery-Gionta et al., 2012; Lowery et al01®; Rhodes et al., 2005; Rhodes et al.,
2007; Sparrow et al., 2012). On days 1-3, begm8ih into the dark cycle, water bottles
were removed from all cages and replaced with #ebovntaining 20% (v/v) ethanol
solution. Mice had 2 h of access to ethanol, aftech the ethanol bottles were removed
from cages and water bottles were replaced. Time gaocedure was followed on day 4

except that ethanol access was extended to 4 ¢h £day DID procedure is referred to as a



single binge-like ethanol drinking “cycle” or “epide” below. Between each binge-like
drinking cycle, mice were given 3 days of rest withaccess to ethanol. In Experiment 1
described below, mice were separated into groupsdcan body weights. Groups of mice
experienced In(= 13) or 6 § = 13) binge-like drinking cycles and a third cahigroup
drank water throughout the binge-like drinking pmrtof the experimenin(= 13). In
Experiment 2 described below, animals were dividéal 5 groups based on body weights:
The groups experienced 1, 3, 6, or 10 binge-likekdrg cycles, and a fifth control group
drank water only throughout the binge-like drinkjmgrtion of the experimenh&10/group).
For both experiments, initiation of binge-like ddng was staggered between groups such
that all mice experienced their last binge-likenllimg cycle at the same age.
Elevated Plus Maze (EPM): Assessment of Anxiety-l&kkBehavior

The EPM test is a pharmacologically validated nhéaolethe assessment of anxiety in
rodents (Pellow et al., 1985). For both Experiménésd 2, the EPM test was initiated 24-h
after the completion of the final binge-like dringitest. We have described the apparatus
and the 5-min procedure previously (Fee et al.4200he behavior in the EPM was recorded
using a digital video camera with night vision daifity, and measures were scored by
condition-blinded individuals trained to identifye various dependent measures. With the
EPM test, anxiety-like behavior is reflected asuaml number of entries into the open arms
and in the time spent in the open arms, along antincrease in the number of entries and
amount of time spent in the closed arms of the EPM.
Open Field Locomotor Activity Test: Assessment of Axiety-like Behavior

The open-field test is commonly used to assesgeniike behavior in rodents, in

which avoidance of the center portion of the opena is thought to reflect heightened



anxiety (Choleris et al., 2001; Fee et al., 2004jer the completion of the EPM test in
Experiments 1 and 2, mice were transported in theme cages to an adjacent room and
allowed to rest for 10 min. We have described theasatus and procedure elsewhere (Fee et
al., 2004). Testing sessions were 10 minutes imatdur, and marginal time and distance
traveled (cm), and central time and distance te/dcm) in the open-field arena were
measured over the course of the session.
Accelerating Rotarod Test: Assessment of Ataxia

Recent observations show that mice experiencingnelhwithdrawal exhibit elevated
ataxia, and have difficulty maintaining balanceaorotarod apparatus (Philibin et al., 2012).
After open-field testing in Experiment 2, mice watowed to rest for 15 min in their home
cage and were then placed on a rotarod apparage Bdsile, Italy) with an initial rotation
speed of 4 rpm. The speed was gradually increasdd® trpm over a period of 5 min and
latency-to-fall and rpm at the time of fall werecoeded. The test was repeated three more
times, with 5 min between each test. Average tea-fall and rpm at time of fall were
averaged over the 4 test trials.
Handling-Induced Convulsions (HIC): Assessment of &zure Susceptibility

Thirty min after administration of the rotarod teeen Experiment 2, HIC tests were
conducted. For HIC testing, each mouse was picke(drom its home cage) by the tail, and
if this failed to elicit a convulsion, the mouse svapun gently through a 18@rc. The
behavior of each mouse during the HIC test was ovidecorded and later scored
independently by 2 condition-blinded raters (scomese averaged for analyses). The HIC

rating scale ranged from 0-7, with a score of Gegito mice showing no convulsions and a



score of 7 given to mice exhibiting severe toniwAat convulsions. A detailed description of
HIC procedures and the scoring scale is descrilsedvbere (Crabbe et al., 1991).
Continuous 2-Bottle Voluntary Ethanol Consumption

Approximately one week after the completion of daflike ethanol drinking in
Experiments 1 and 2, the mice were tested for talyrethanol consumption using a home
cage 2-bottle choice procedure. Over 8 days, weee given 24 h access to 2-bottles in
their homecage, one containing tap water and therotontaining a 10% (v/v) ethanol
solution. The concentration of ethanol was chargesty 8 days as follows: 10, 15, 20, 15,
and 10% ethanol. The positions of the bottle walternated every day to control for
position preferences. Each drinking bottle wasgived every day to calculate fluid intake
and body weights were recorded every 4 days.
Data Analysis

To obtain a measure that corrected for individiiierences in body weight, grams
of ethanol consumed per kilogram of body weightenealculated. Ethanol preference ratios
were also calculated by dividing the volume of etilaonsumed by the total fluid (ethanol +
water) consumption. For all experiments, diffeenbetween groups were analyzed using
analysis of variance (ANOVA). With significant eraction effects, or main effects in the
absence of significant interactions, post hoc campas were performed using Bonferroni
tests to parse out group differences. In all cage,05 (two tailed) was used to indicate

statistical significance.



CHAPTER 3
RESULTS

Drinking-in-the-dark

In Experiment 1, there were no significant diffeces between the groups that
experienced 1 (5.42 6.28 g/kg/4h) or 6 (6.05 6.29 g/kg/4h) binge-like drinking cycles in
terms of the amount of ethanol consumed durinditta binge-like drinking sessiorF[; 2s)
= 2.486,p = 0.127]. Similarly, in Experiment 2 there wereignificant differences between
the groups that experienced 1 (4.48.29 g/kg/4h), 3 (5.09 0.41 g/kg/4h), 6 (6.16 ©.36
g/kg/4h), or 10 (5.36_6.31 g/kg/4h) binge-like drinking cycles in the @amt of ethanol
consumed during the final binge-like drinking seadF36= 1.374,p = 0.226]. These data
suggest that up to 10 binge-like drinking cycled dot significantly increase the level of
binge-like ethanol drinking. Although we did notass blood ethanol concentrations (BECS)
in an attempt to avoid the potential confoundinig&s of stress on subsequent measures, the
amount of ethanol consumed by mice on the final afapinge-like ethanol drinking was
consistent with amounts that we have previouslynep and which produced BECs of 80
mg/dL or greater (Lowery-Gionta et al., 2012; Lowext al., 2010; Sparrow et al., 2012;
Sparta et al., 2008).
Elevated Plus Maze (EPM): Assessment of Anxiety-L& Behavior

Data from the EPM tests for Experiments 1 and 2paesented in Table 1. Data sets
from both experiments failed to reveal any sigaifit effects of binge-like ethanol drinking

on subsequent anxiety-like behavior. In Experimgntelative to the water control group,



mice that experienced 1 or 6 cycles of binge-litkarol drinking exhibited no
significant differences in open arm timg4ss= 0.146,p = 0.865] or percentage total time
spent in open arm${ 36= 0.145,p = 0.856]. Furthermore, there were no group diffess
in closed arm timeH2 37y= 1.056,p = 0.358] or percentage of total time spent in alogens
[Fe37= 1.058,p = 0.357]. A lack of group differences in total aemtries F 37= 1.05,p=
0.360] suggests that the history of binge-like ethalrinking did not impact overall activity
(H20 = 18.38 £ 1.20 entries; 1-cycle = 20.46 + 1.0ffies; 6-cycle = 18.92 + 0.84 entries).

In Experiment 2, relative to the water control gvothere was no evidence of
alterations of anxiety-like behavior in mice thatperienced 1 to 10 cycles of binge-like
ethanol drinking. Thus, there were no group diffiees in open arm timé{ 44 = 2.012,p =
0.109] or percentage total time spent in open dffpasis= 2.007,p = 0.110]. Furthermore,
there were no group differences in closed arm {ifess= 2.016,p = 0.108] or percentage
of total time spent in closed arm&{4s = 2.013,p = 0.109]. Finally, there were no
significant differences between groups on the nurobéotal arm entriesHu 45= 0.448,p=
0.774], suggesting that the history of binge-likba@ol drinking did not impact overall
activity (H,O = 22.2 + 1.10 entries; 1-cycle = 21.3 £ 1.59 iestr3-cycle = 21.5 + 1.68
entries; 6-cycle = 22.7 £ 1.32 entries; 10-cycl20=3 = 1.03 entries).
Open-Field Locomotor Activity Test: Assessment of Axiety-Like Behavior

Data from the open-field locomotor activity testemh Experiments 1 and 2 are
presented in Table 2. As with the EPM test, dats fsem both experiments failed to provide
evidence of elevated anxiety-like behavior stemnfnmogn a history of binge-like ethanol
drinking. For data from Experiment 1, there weregnoup differences in average distance

traveled in the marging[;37y= 0.545,p = 0.584], average time spent in margif® k7)=



2.505,p = 0.095], average distance traveled in the ceritersdy= 0.867,p = 0.429], or
average time spent in the centBpg7) = 0.507,p = 0.095]. Additionally, analysis of total
distance traveled data failed to achieve statiss@nificance F 7= 0.688,p = 0.509],
further support that a history of binge-like ethladonking did not alter overall locomotor
behavior (HO = 2982.38 + 226.83 cit10min; 1-cycle = 3278 + 195.19 é0Omin; 6-cycle
= 2956.57 + 218.52 cflOmin; 10-cycle = 3146 + 134.36 &h0Omin).

The same pattern of results were observed fronoplea-field test of Experiment 2.
There were no group differences in average distrageled in the margin{s 45 = 0.244p
= 0.912], average time spent in margiRg ks)= 0.112,p = 0.978], average distance traveled
in the centerf.45= 0.283,p = 0.887], and average time spent in the cerfigrf= 0.112,
p = 0.978], and analysis of total distance travelated to achieve statistical significance
[Fea,45 = 0.133,p = 0.969] (HO = 2942 + 206.4 chLOmin; 1-cycle = 3094.5 + 212.46
cm?/10min; 3-cycle = 3037.7 + 256.41 &h0min; 6-cycle = 2989.7 + 275.36 &hOmin;
10-cycle = 3146 + 134.36 GMOmin).
Accelerating Rotarod Test: Assessment of Ataxia

Data averaged over the 4 rotarod tests performdexperiment 2 are presented in
Table 3. Separate one-way ANOVAs performed on tdn fall data F.45= 0.691,p =
0.602] and average RPM at fall datéas) = 0.724,p = 0.58] both failed to achieve
statistical significance, indicating that a histooy binge-like ethanol drinking did not
promote increased ataxia.
Handling-Induced Convulsions (HIC): Assessment of &zure Sensitivity

Data from the HIC test performed in Experiment 2 presented in Table 3. An

ANOVA performed on these data failed to achievéisttaal significance (s 45= 0.651,p =

10



0.629], suggesting that a history of binge-like agtbi drinking did not alter seizure
sensitivity.
Continuous 2-Bottle Voluntary Ethanol Consumption

Data representing the average 8-day consumptiethahol (g/kg) and average 8-day
ethanol preference at each ethanol concentratisteden Experiment 1 (Fig. 1A and B,
respectively) and Experiment 2 (Fig. 1C and D, eesipely) are presented in Fig. 1.
Separate two-way (ethanol concentration x numbdrirmde-like drinking cycles) ANOVAs
were performed to analyze each data set. Analykistlmanol consumption data from
Experiment 1 revealed significant main effectstbf@ol concentratiorH,14¢)= 49.724p <
0.001] and binge-like drinking cycled {7 = 10.279,p < 0.001], and a significant
interaction effectif 148= 2.97,p = 0.004]. Post hoc Bonferroni tests revealed thaigiioup
with a prior history of 6 binge-like ethanol drimky cycles voluntarily drank significantly
more ethanol relative to the control group duriegess to 4 of the 5 ethanol solutions, and
more than the 1-cycle group at 2 of the 5 concaatra (Fig. 1A). Analysis of ethanol
preference ratio data from Experiment 1 showed ifstgmt main effects of ethanol
concentrationf 148= 58.905p < 0.001] and binge-like drinking cycleB{ 37)= 8.357,p =
0.001], but the interaction effect was not sigmifit [F(s 148y= 1.923,p = 0.061]. A post hoc
Bonferroni test of the binge-like drinking cyclesaim effect revealed that only the 6-cycle
binge-like ethanol drinking group preferred ethasighificantly more than the control group
(Fig. 1B).

Analysis of the ethanol consumption data from Expent 2 revealed significant
main effects for ethanol concentratidfi[iso)= 65.420,p < 0.001] and binge-like drinking

cycles Fu,45= 8.173,p < 0.001], and a significant interaction effed ., 180= 2.076,p =

11



0.011]. Post hoc Bonferroni tests revealed thattined to the control group, mice that had a
prior history of 6 or 10 binge-like drinking cyslevoluntarily drank significantly more
ethanol during access to 4 of the 5 ethanol saistidice with a history of 3 binge-like
drinking cycles drank significantly more ethancahhthe control group during access to 3 of
the 5 ethanol solutions. Finally, mice with a higtof 10 binge-like drinking cycles drank
significantly more ethanol than the 1-cycle grotijpr@e concentration (Fig. 1C). Analysis of
ethanol preference data from Experiment 2 showedifstant main effects of ethanol
concentration [f1s0)= 59.915,p < 0.001] and binge-like drinking cycleB 45y= 5.82,p =
0.001], but the interaction effect was not sigm@ifit [F(16,180)= 0.984,p = 0.476]. A post hoc
Bonferroni test of the binge-like drinking mainedt showed that groups with a prior history
of 3 to 10 binge-like ethanol drinking cycles shdwsignificantly elevated ethanol

preference relative to the control group (Fig. 1D).
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CHAPTER 4
DISCUSSION
Here we show that relative to mice with no priostbry of binge-like ethanol
drinking, a history of binge-like ethanol drinkimging DID procedures promoted subsequent
increases of voluntary ethanol consumption andepeeice without altering anxiety-like
behaviors (assessed by EPM and open-field loconaatinrity tests), ataxia (assessed by the
accelerating rotarod test), or sensitivity to HIEsirthermore, increased voluntary ethanol
consumption and preference were greater in mideettf@erienced greater numbers of binge-
like ethanol drinking cycles, with mice experiergi or 10 binge-like drinking episodes
showing the most robust increases of subsequenhtasly ethanol drinking and preference.
Conversely, there was no instance in which micd w&iprior history of just one binge-like
drinking cycle exhibited a significant change frane control group in subsequent ethanol
intake or preference. These observations are densiwith the idea that alterations in the
neurocircuitry that modulates binge-like ethanahking become more robust and longer-
lasting with increasing numbers of binge-like dimkcycles. Several phenotypes that have
been reported with procedures that induce a depeedée state (i.e., ethanol vapor
exposure) were not evident in mice experiencingoupO 4-day cycles of binge-like ethanol
drinking. Together, these observations make a gtrese that DID and ethanol vapor
procedures do not lead to the same end-point, aggest that unlike ethanol vapor exposure
procedures, excessive ethanol drinking stemmingn fl2ID procedures does not initially

induce a dependence-like state. However, the subségncreases of voluntary ethanol
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consumption and preference that become more rdbilsiving repeated episodes of
binge-like ethanol drinking may reflect the ememggenf ethanol dependence, suggesting that
DID procedures may be ideal for studying the eatigges of the transition to ethanol
dependence. We speculate that increased anxietypékavior, ataxia, and sensitivity to HIC
may emerge with greater experience with binge-gkieanol drinking (i.e., more than 10
cycles of DID exposure).

The most striking results from the present datawsse the robust and long-lasting
increases of voluntary ethanol consumption andepeete stemming from a history of
binge-like ethanol drinking. These observationsaf@rthose obtained with vapor inhalation
models that have been shown to induce subsequemeéases of voluntary ethanol
consumption in rats (Funk et al., 2007; Gilpin bt 2011) and mice (Becker and Lopez,
2004; Finn et al., 2007; Lopez et al., 2011). Int@iatly, increases of subsequent voluntary
ethanol consumption in the present report resuftech animals voluntarily drinking
excessive amounts of ethanol in a pattern and Ieéhetl closely matches human binge
drinking, rather than from forced exposure to ettharapor. Thus, as a model to study the
neurobiology underlying the transition to an etHamependence-like state (Thiele, 2012),
repeated binge-like drinking episodes using prorsiguch as DID arguably have greater
face validity than models employing repeated intdemt ethanol vapor exposure.

Previous reports have shown that up to 24-h of dwéttval from ethanol vapor
exposure is associated with elevated anxiety-lietabiors (Kliethermes et al., 2004),
increased ataxia (Philibin et al., 2012), and iase&l sensitivity to HICs (Beadles-Bohling
and Wiren, 2006; Becker and Veatch, 2002; Homasicsal., 1998) in mice. There are

numerous possibilities that may explain differenlbesveen the present report and previous
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studies, including the amount, pattern, and roditetltanol exposure, the amount of ethanol
withdrawal time before tests were administered, #n@dstrain of mice used. For example,
while HICs have been observed up to 24-h afternsthaithdrawal, HICs tend to be more
robust in the first several hours after ethanohdigwal (Beadles-Bohling and Wiren, 2006;
Homanics et al., 1998), and strains other than CBYB mice are more sensitive to
withdrawal-induced HICs (Homanics et al., 1998).wdwer, C57BL/6J mice have been
reported to show elevated HICs 8-h after ethanaloral but only after 16-weeks of
intermittent access to 20% ethanol in an escalagpanadigm (Hwa et al., 2011).
Furthermore, strains other than C57BL/6J mice wesed to assess ataxia (Philibin et al.,
2012) and anxiety-like behavior (Kliethermes et 2004). Importantly though, our goal was
to address the potential criticism that modelsinge-like ethanol drinking and dependence-
like ethanol drinking trigger the same phenotyped associated neuroplasticity, a criticism
that might seem particularly relevant given evidemd similar involvement of CRF and
NPY signaling in binge-like and dependence-likeaatil drinking (Gilpin et al., 2011,
Lowery-Gionta et al., 2012; Roberto et al., 201ai®ow et al., 2012). However, because we
found that binge-like ethanol drinking did not prot@ many phenotypes thought to be
hallmarks of ethanol dependence, we argue thabitige-like drinking procedure that we
employ models excessive ethanol intake prior todhget of dependence. Consistent with
this argument, we have found that a history of éilike ethanol drinking blocks the ability
of CRF to enhance GABAergic transmission in thetr@namygdala (CeA) of mice
(Lowery-Gionta et al.,, 2012), while others have riduthat intermittent ethanol vapor
exposure augments the ability of CRF to enhance &XBic transmission in the CeA

(Roberto et al., 2010). We would predict that mertensive experience with binge-like

15



drinking episodes would lead to the developmennediroplastic alterations in line with
models of ethanol dependence.

While not assessed directly in the current set>gfeaments, it is of interest to
consider the possible mechanisms by which a histbbyjnge-like ethanol drinking promotes
subsequent increases of voluntary ethanol intakgreg&ious report identified low sensitivity
to the aversive effects of ethanol (Holstein et 3D11) as a potential mechanism that
modulates binge-like ethanol drinking, and thusbdd sensitivity to the aversive effects of
ethanol following a history of binge-like ethanalrking may promote subsequent increases
of voluntary ethanol consumption. At the level afunocircuitry, a growing number of
neurochemicals have been implicated in binge-likeam®ol drinking (Sprow and Thiele,
2012), and neuroadaptations in these neurochempathivays following binge-like drinking
could also be candidate mechanisms for increasesitidequent voluntary ethanol intake.
CRF and NPY are two candidate pathways of particotarest. We have recently found that
after 24-h of ethanol removal in mice with a 3-eytistory of binge-like ethanol drinking,
CRF immunoreactivity was significantly elevatedtine CeA, and consistently site-directed
infusion of a CRF-1 receptor antagonist into theA @eotected against binge-like drinking
(Lowery-Gionta et al., 2012). On the other hand,YNRimunoreactivity was significantly
blunted in the CeA 24-h after ethanol removal ircenwith a 3-cycle history of binge-like
drinking (Sparrow et al., 2012). Importantly, iath of our previous experiments the effects
of CRF or NPY on GABAergic transmission in the Celre significantly altered for up to
24-h after ethanol removal (Lowery-Gionta et al12; Sparrow et al., 2012), which together
with immunoreactivity data suggest that binge-ldtbanol drinking is associated with rigid

neuroplastic alterations of CRF and NPY signalingthe CeA. We speculate that these
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changes contribute to the transition to ethanokddpnce. Evidence of increased voluntary
ethanol drinking resulting from a history of binlijjee ethanol drinking in the present report
may reflect, in part, such changes in CRF and Nigivading.

In summary, here we report that while repeatedesyof binge-like ethanol drinking
promoted subsequent increases of voluntary ethauake, an effect that becomes more
robust with increasing numbers of binge-like drtkiepisodes, a history of binge-like
ethanol drinking did not impact other phenotypesutiht to characterize a dependence-like
state, including anxiety-like behavior, ataxia, &h€s. Together, these observations make a
strong case that DID procedures (to model binge-6khanol drinking) and ethanol vapor
procedures (to model dependence-like drinking) aldemad to the same neurobiological end-
point. Unlike ethanol vapor exposure proceduresessive ethanol drinking stemming from
DID procedures does not initially induce a deperddike state. However, the subsequent
increases of voluntary ethanol consumption and epeece that become more robust
following repeated episodes of binge-like ethanmhidng may reflect the early stages of
ethanol dependence, suggesting that DID proceduagsbe ideal for studying the transition

to ethanol dependence.
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TABLE 1: Average (Mean + SEM) behavior in the elevated plus maze (EMP) tesfrom
Experiments 1 and 2.

Time in Open | Percentage of | Time in Closed| Percentage of
Arms (s) Time in Open Arms (s) Time in Closed
Arms (%) Arms (%)
Experiment 1
H,0 35.8 +5.58 11.9 +1.86 136.3 + 10.67 45.4 + 3.56
1-cycle 41.3+7.10 13.76 + 2.36 150.6 + 9.23 49215
6-cycle 38.2+7.95 12.74 + 2.65 155.0 + 8.66 512789
Experiment 2
H>0 70.9£10.0 23.6 £3.35 164.2 + 14.13 547 +4.71
1-cycle 62.9 + 12.86 21.0+4.28 187.9 + 16.13 62538
3-cycle 41.3+5.78 13.8 +1.93 214.3 +10.0 713133
6-cycle 80.8 +9.79 26.9 + 3.26 164.9 +11.12 55371
10-cycle 54.3 +12.67 18.1 +4.22 189.6 + 19.58 2636.53

Table 2: Average (Mean +SEM) behavior in the open-field activity tests fron
Experiments 1 and 2.

Marginal Distance Time in Center Distance Time in Center
(cm’/10min) Margin (s) (cm?/10min) (s)
Experiment 1
H.0 2271.4 + 198.88 505.35%:58 711.0 + 36.61 94.7 + 5.58
1-cycle 2501.5 +119.17 510.5 + 7.59 673.8 + 68.14 89.5 + 7.59
6-cycle 2325.9 + 155.85 521.3 +5.53 609.2 + 60.66 78.7 + 5.53
Experiment 2
H.0 2194.7 + 163.56 507.6 + 9.60 747.2 + 66.37 9294660
1-cycle 2351.8 £ 162.53 509.1 + 8.49 742.6 £ 71.58 90.9 + 8.49
3-cycle 2418.1 + 163.64 500.1 +£14.81 655.3+191.799.9 + 14.81
6-cycle 2311.0 + 277.12 505.0 + 7.90 678.4 + 56.81 95.0 + 7.90
10-cycle 2414.6 £ 125.60 500.9+16.04 732.1+86.1| 99.1 +16.04

Table 3: Average scores (mean $EM) from the rotarod and HIC test in Experiment 2

Rotarod: Latency to| Rotarod: RPM at Fall HIC Score
Fall (s)

H-0 175.4 + 13.12 25.9+1.82 0.23+0.12
1-cycle 168.0 + 13.66 25.2 +1.96 0.14 + 0.04
3-cycle 142.9 + 18.00 25.5+2.46 0.27 £ 0.07
6-cycle 151.8 £17.39 25.3+2.54 0.18 + 0.06
10-cycle 151.7 +17.23 26.6 + 2.50 0.13 £ 0.06

HIC = Handling-induced convulsion (scored on aesdaim 1 to 7).
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Fig. 1. A history of repeated cycles of binge-like etha(®0%, v/v) drinking significantly
augments subsequent 2-bottle choice voluntary etheansumption. Data points at each
concentration of ethanol (v/v) represent an 8-daarage, and data are expressed as mean g
of ethanol consumed per kg of body weight per dfig{day; A and C) or mean ethanol
preference (ethanol consumed / total fluid intaBeand D). The top row represents data
collected from Experiment 1 (A and B) and the bwottiow represents data collected from
Experiment 2 (C and D). Data are expressed as mé&dM. Significance legend (based on
Bonferroni tests)a = H,0 < 6-cyclesp = 1-cycle < 6-cycles; = H,0 < 3-, 6-, and 10-cycles;

d = H,0 < 6- and 10-cycles = 1-cycle < 10-cycles. Significant differencesvibetn groups

on the cycles main effect (indicated in B and @ laased on Bonferroni tests.
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