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Abstract

Alcohol is one of the most prevalent addictive substances in the world. Withdrawal symptoms
result from abrupt cessation of alcohol consumption in habitual drinkers. The emergence of both
affective and physical symptoms produces a state that promotes relapse. Mice provide a
preclinical model that could be used to study alcohol dependence and withdrawal while
controlling for both genetic and environmental variables. The use of a liquid ethanol diet offers a
reliable method for the induction of alcohol dependence in mice, but this approach is impractical
when conducting high throughput pharmacological screens or when comparing multiple strains of
genetically engineered mice. The goal of this study was to compare withdrawal associated
behaviors in mice chronically treated with a liquid ethanol diet vs. mice treated with a short-term
ethanol treatment that consisted of daily ethanol injections containing the alcohol dehydrogenase
inhibitor, 4-methylpyrazole. Twenty-four hours after ethanol treatment, mice were tested in the
open field arena, the elevated plus maze, the marble burying test or for changes in somatic signs
during spontaneous ethanol withdrawal. Anxiety-like and compulsive-like behavior, as well as
physical signs, were all significantly elevated in mice undergoing withdrawal, regardless of the
route of ethanol administration. Therefore, a short-term ethanol treatment can be utilized as a
screening tool for testing genetic and pharmacological agents before investing in a more time
consuming ethanol treatment.
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Introduction

Alcohol abuse and dependence are a significant concern within the United States and many
other Countries (Carlson et al., 2012). In the United States, the rate of alcohol dependence is
double that of other drugs of abuse, with more than 80 million individuals meeting the
criteria for dependence (Carlson et al., 2012). Withdrawal symptoms represent a significant
obstacle to successful alcohol cessation and promote drug relapse. They include increased
anxiety, agitation, hypervigilance, insomnia, irritability, tremors and, in the most severe
cases, seizures occurring within 8-24 hours after ethanol ingestion. (Hall & Zador, 1997).

Current preclinical models used to induce alcohol dependence in both rats and mice include
involuntary/forced exposure to ethanol through vapor, intragastric intubation, or liquid diet
(Braconi et al., 2010; Fidler, Clews, & Cunningham, 2006; Fidler et al., 2012; Gilpin, Misra,
& Koob, 2008; Gilpin et al., 2009; Kurokawa, Mizuno, & Ohkuma, 2013; Macey, Schulteis,
Heinrichs, & Koob, 1996; O’Dell, Roberts, Smith, & Koob, 2004). Each procedure has
advantages and disadvantages. Ethanol vapor produces very stable blood ethanol
concentrations for specific durations of time and temporal patterns (O’Dell et al., 2004), but
the equipment is expensive and requires a suitable amount of space. Intragastic intubation is
a short-duration procedure but can produce excessively elevated blood ethanol
concentrations resulting in increased mortality rates (Majchrowicz, 1975). Ethanol liquid
diets delivered as the only nutritional source to the animal produce high volume intakes and
withdrawal symptoms upon ethanol cessation (Lieber & DeCarli, 1982). The liquid diet
paradigms are more time consuming and require dedicated space since each experimental
subject is single housed. In addition, the diet is consumed throughout the day and this leads
to increased variability in blood ethanol concentrations and behavior within groups, which
requires larger animal numbers for accurate comparisons. Given the increasing number of
genetically modified mouse models available for the identification of potential therapeutic
approaches to ethanol dependence, it would be advantageous to have an inexpensive, short-
duration preclinical model that can be used for drug screens before investing in a costly and
time-consuming ethanol treatment.

The goal of this study was to survey an array of alcohol withdrawal symptoms in a short-
term ethanol treatment paradigm that included an alcohol dehydrogenase inhibitor to
prolong the half-life of ethanol in the plasma. Such paradigm has been successfully
employed in mice to induce handling-induced seizures and anxiety-like behavior during
withdrawal (Farook et al., 2008; Farook, Morrell, Lewis, Littleton, & Barron, 2007). Our
results indicate that ethanol cessation after a short course of intraperitoneal (ip) injections
can produce withdrawal symptoms comparable to those observed after a six week ethanol
diet. The study also expands the battery of behavioral tests that can be used to detect ethanol
withdrawal symptoms in mice to include compulsive-like and physical symptoms.

Materials and Methods

Animals

C57BL/6J mice of both sexes were used throughout the experiments. C57BL/6J is an inbred
strain commonly used for behavioral studies because mice exhibit average behavior in most
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behavioral tasks during baseline conditions (Brooks, Pask, Jones, & Dunnett, 2005; Crawley
etal., 1997). In addition, C57BL/6J is a relatively good breeder, easily available from the
Jackson Laboratory, and is widely used as a background strain for many genetically
engineered mouse models. Mice were no older than three months of age at the beginning of
the ethanol treatments. All procedures complied with the directives of the Institutional
Animal Care and Use Committee (IACUC) and the Center for Comparative Medicine.
Weaning was performed 21 days after birth, and same sex littermates were housed in cages
containing one cm of corn cob bedding with a maximum of five animals. The animals had
ad libitum access to water and food pellets (Labdiet 5001, PMI®, Brentwood, MO), and
were maintained on a 12-h light/dark cycle (lights on 7AM and off at 7PM). Ambient light
level in the housing rooms was 350 luxes, while the average light on the housing selves,
where cages are kept, was 80 luxes.

Chronic Alcohol Treatment

Chronic Injections—We adopted the chronic ethanol treatment described by Farook et al
(2007). Mice were injected daily with either 2 g/kg (20% w/v) ethanol or saline for a
minimum of nine days. Both ethanol and control solutions contained 9 mg/kg 4-
methylpyrazole (4MP), an alcohol dehydrogenase inhibitor that helps to achieve elevated
blood ethanol levels for longer duration (Farook et al., 2007). All behavioral paradigms were
performed during spontaneous ethanol withdrawal (24 hours after the last injection), during
the lights-on phase of the light/dark cycle (12PM-5:30PM). All treatments were performed
in the housing room, under a hood (73 luxes). During experiments, ambient light level was
kept at 11 luxes, unless otherwise stated. All animals were acclimated to the behavior room
for a minimum of 45 minutes before testing. Multiple testing was planned so that mice
received their respective treatment immediately after each behavioral test and during the
following day before being tested in another behavioral paradigm. Behavioral tasks were
performed in the order of increasing stress: open field arena, elevated plus maze, marble
burying, and somatic signs. Mice were weighed daily throughout the treatment and
withdrawal testing, and no significant differences were observed between treatment groups
(data not shown).

Blood ethanol concentrations (BECs) were measured using a separate group of mice. Mice
were treated with saline + 4MP or ethanol (2g/kg) + 4MP for 9 days. On the last day of
treatment, blood was collected 1, 4, and 6 hours after ethanol injections. Blood plasma was
analyzed using the colorimetric ethanol assay kit from Sigma-Aldrich™ (St Louis, MO).
One hour after ethanol injection BEC was 194.88 mg/dl (STE £11.13, n=6 per time point)
and was reduced by 40% and 79%, 4 hours and 6 hours later, respectively.

Liquid Ethanol Diet—A separate group of mice was exposed to an ethanol liquid diet for
six weeks. Liquid diets have extensively been used in rodents to produce ethanol
dependence and physiological changes associated with chronic ethanol use (Gilpin et al.,
2008; Macey et al., 1996; Nan et al., 2013; Umathe, Bhutada, Dixit, & Shende, 2008;
Verleye, Heulard, & Gillardin, 2009; Zhang et al., 2013). Mice were single-housed with a
nestlet, and provided for one week with a basic diet consisting of the chocolate flavored high
protein nutritional drink, Boost® (Nestlé Health Science, Switzerland), supplemented with
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3g/L vitamin mixture (MP Biomedicals, LLC, Solon, OH) and 5g/L mineral mix (ICN
Biomedicals, Inc., Aurora, OH) (Gilpin et al., 2008; Verleye et al., 2009). After an
habituation period to the liquid diet, mice were divided into two groups based on age, sex,
and weight. The first group received the basic diet containing 4% vol/vol ethanol for six
weeks (Nan et al., 2013; Verleye et al., 2009; Zhang et al., 2013). The second, yoked-
control, group continued to receive the basic diet supplemented with an iso-coloric amount
of sucrose in order to account for the increased calories associated with ethanol
consumption. Ethanol-treated mice received unlimited amount of liquid diet throughout the
day while control mice received a specific amount of control diet based on the average
intake of the ethanol group on the previous day. All diets were made and replaced daily two
hours after lights out (under red lights not to disrupt the light cycle). All mice had unlimited
access to drinking water. Animal weights and amount of diet consumed were recorded daily.
Mice consumed on average 17.4 g/kg (£0.55 g/kg) ethanol during the last two weeks of the
six-week treatment. It should be noted that female mice on average consume significantly
more ethanol than male mice (Fgex[1,14]=6.51. p=0.023), 18.2 g/kg (0.5 g/kg) and 16.6
g/kg (£0.39 g/kg) respectively. Similar sex differences in ethanol consumption have been
observed in rodents exposed to liquid ethanol diet, continuous two-bottle choice, intermittent
two-bottle choice and drinking in the dark paradigms (Hwa et al., 2011; McCall et al., 2013;
Piano, Carrigan, & Schwertz, 2005; Trujillo, Do, Grahame, Roberts, & Gorman, 2011).

Mice were tested during spontaneous ethanol withdrawal, 24 hours after removal of the
ethanol diet. To that end, on the last day of liquid diet treatment, mice received fresh diet for
a minimum of 3 hours before the ethanol diet was replaced with control diet. All behavioral
testing was performed during the dark phase of the cycle (12AM-5:30AM) using the same
ambient light levels (11 luxes) used for behavioral testing in ethanol-injected mice. Mice
were acclimated to the behavior room for a minimum of 45 minutes before testing.
Immediately after testing, ethanol diet was reinstated for a minimum of three days before
subsequent behavioral testing. Behavioral testing was performed in the same order as the
chronic ethanol injection treatment paradigm: open field arena, elevated plus maze, marble
burying test and somatic signs.

BECs were measured using a separate group of mice treated with either control or ethanol
diet for 6 weeks. On the last day of treatment, mice were given access to fresh ethanol diet
for 3 hours, followed by replacement of the ethanol diet with the control diet. Blood samples
were collected immediately and 6 hours after the diet switch. Blood plasma was analyzed
using the colorimetric ethanol assay kit from Sigma-Aldrich™ (St Louis, MO). One hour
after ethanol injection BEC was 142.72 mg/dl (STE +20.65, n=8 per time point) and was
reduced by 77% 6 hours later.

Open Field Arena

Mice experiencing ethanol withdrawal were placed in a clear Plexiglas® arena (40 x 40 x 40
cm), and locomotor activity was measured for 30 min. For analysis purposes, the arena was
divided into two zones, the center (20 x 20 x 20 cm), and the outer peripheral zone.
Anymaze™ software (Stoeling Co, Wood Dale, IL) was used to track the distance traveled
within the two zones. The total distance traveled throughout the arena was used as a measure
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of locomotor behavior and the center ratio (distance traveled in the center zone/total distance
traveled) was calculated as a measure for anxiety-like behavior (Gangitano, Salas, Teng,
Perez, & De Biasi, 2009; Salas et al., 2008; Salas, Orr-Urtreger, et al., 2003; Salas, Pieri,
Fung, Dani, & De Biasi, 2003). A digital lux meter was used to measure light levels of either
11 or 80 luxes for behavioral testing.

Elevated Plus Maze

Withdrawal-induced changes in anxiety-like behaviors were also measured in the elevated
plus maze (EPM) for 10 minutes. Briefly, mice were placed into a plus shaped maze with
two corridors (25 x 7 cm) with black, 15 cm high walls, and two corridors with no walls
connected by a (7 x 7 cm) square. The maze is elevated 50 cm above the floor (Gangitano et
al., 2009; Salas et al., 2008; Salas, Pieri, et al., 2003). The Anymaze ™ software was used to
track the movement of the mouse throughout the maze. The time spent in the open arms and
the entry ratio (open entries/total entries) was used as measure of anxiety-like behavior. The
total number of entries into the open and closed arms was used as a measure of locomotion.

Marble Burying Test

Ethanol withdrawal-induced compulsive-like behavior was measured using the marble
burying test (Umathe et al., 2008). Mice were placed for 30 min in a cage (26.5 cm x 15.5
cm x 12.5 cm) that contained 5 cm of corn cob bedding with 20 marbles (13 mm diameter)
evenly spaced throughout the cage. A minimum of 2/3 of the marble needed to be covered in
bedding, <4 mm of the marble above the bedding, to be counted as buried. Compulsive-like
behavior was scored based on the number of marbles buried, with a higher number of
marbles buried signaling increased compulsive-like behavior.

Somatic Signs of Ethanol Withdrawal

Somatic (i.e. physical) signs were monitored for 20 min, twenty-four hours after cessation of
ethanol treatment. We monitored changes in shaking, scratching, grooming (including paw
tremors, paw licks and genital licking), and chewing (including swallowing and licking)
behaviors, which are classically used to measure nicotine, morphine, and cocaine
withdrawal (Malin et al., 2000; Muldoon et al., 2014; Salas, Main, Gangitano, & De Biasi,
2007; Salas, Pieri, & De Biasi, 2004; Salas, Sturm, Boulter, & De Biasi, 2009). In addition
to these symptoms, we recorded physical signs previously reported in rats during alcohol
withdrawal: vocalizations, tail rattling, cage scratching, head nodding and writhing behavior
(Macey et al., 1996; Majchrowicz, 1975; Uzbay, Erden, Tapanyigit, & Kayaalp, 1997).
Those signs occurred frequently but were exclusively observed during withdrawal.

Data analysis and statistics

Data were examined by two-tailed student T-Test or ANOVA, when appropriate. The
Newman-Keuls post-hoc test was used for specific comparisons. Behavioral data were
examined for the effect of sex on withdrawal behaviors using a two-way ANOVA. There
were no significant interactions between sex and ethanol withdrawal or main effect of sex in
any of the behavioral test for either treatment paradigm (N’s for female mice are 5-8 per
experimental condition).
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Results

Ethanol withdrawal produces an increase in anxiety-like behavior

We chose the open field arena (OFA) and the elevated plus maze (EPM) to measure
potential changes in anxiety-like behavior induced by ethanol withdrawal because increases
in anxiety are commonly reported after alcohol cessation (Hall & Zador, 1997). All
behavioral testing was conducted during spontaneous ethanol withdrawal, 24 hours after the
last ethanol injection or removal of ethanol liquid diet. Since most anxiety tests are based on
locomotor behavior, we first determined whether ethanol withdrawal produces changes in
locomotion in the OFA. Mice undergoing withdrawal from either ethanol injections or liquid
diet did not display significant differences in total distance traveled compared to their
respective control groups (Fig 1A, C). Overall, mice treated with the liquid diet (regardless
of treatment) displayed a higher level of locomotion compared to chronically injected mice.
This effect is most likely due to testing at different times within the light/dark cycle, as mice
have a natural diurnal difference in activity levels (Deimling & Schnell, 1980; Mitler, Lund,
Sokolove, Pittendrigh, & Dement, 1977). While locomotion did not change, ethanol
withdrawal induced an increase in anxiety-like behavior, as measured by the significant
decrease in the center ratio in both types of ethanol treatments (Fig 1B, D).

In a second set of experiments, which was conducted only in mice receiving ethanol
injections, we changed the anxiety-provoking levels of the OFA test by increasing the
intensity of the ambient light in the testing room (from 11 luxes to 80 luxes). When mice
were tested in those two conditions, it became apparent that the increased luminosity
produced a significant locomotor deficit in mice undergoing ethanol withdrawal (Fig 2A),
and the difference in the center ratio between control and ethanol treated mice disappeared
(Fig 2B). As both the OFA and the EPM tests of anxiety-like behavior depend on
locomotion, the lower ambient light level condition was subsequently used in the EPM and
all other behavioral tests utilized. Similar to the OFA results, ethanol-treated mice
undergoing withdrawal exhibited an increase in anxiety-like behavior in the EPM without
changes in the total number of entries (data not shown). Total time spent in the open arms
and entry ratio were significantly reduced compared to control-treated mice (Fig 3). Overall,
chronic ethanol injection treatment was as effective as the liquid ethanol diet at producing
changes in anxiety-like behavior during withdrawal.

Ethanol withdrawal increases compulsive-like behavior

In addition to measuring anxiety-like behavior, mice were also tested for changes in
compulsive-like behavior in the MBT. Mice undergoing withdrawal were placed in a cage
containing 20 marbles for 30 minutes. Ethanol withdrawal produced a significant increase in
the number of marbles buried in both ethanol injection (Fig 4A) and ethanol diet groups (Fig
4B). Therefore, marble burying can be adopted as an additional measure of ethanol
withdrawal symptoms in mice.

Ethanol withdrawal induces increases in somatic signs

In another series of experiments, we determined whether the emergence of physical
symptoms of withdrawal could be used to evaluate the alcohol withdrawal syndrome. The
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following physical signs were measured for 20 minutes: shaking, scratching, grooming,
chewing, tail rattling, vocalization, writhing and cage scratching. While control-treated mice
had normal levels of somatic behavior, ethanol withdrawal was associated with a significant
increase in the total number of physical symptoms. Such increase was observed in both
types of treatment regimens (Fig 5A and C). In ethanol-injected mice, the number of shakes,
chews, and grooms were significantly elevated during withdrawal. Scratching behavior was
also increased, but did not reach significance. Other signs (tail rattling, vocalizations,
writhing, and cage scratching) were also observed in some, but not all, ethanol-treated mice
during withdrawal, and so, incidence count data were combined. “Other” signs were hardly
ever observed in control-treated mice (Fig 5B). A different pattern of changes in individual
somatic signs were observed in mice treated with ethanol liquid diet. Shaking, scratching,
chewing and “other” signs were significantly increased during withdrawal, but grooming
behavior was not affected (Fig 5C).

Discussion

The main finding of this report is that a relatively short ethanol injection regimen, when
combined with an alcohol dehydrogenase inhibitor, can produce withdrawal-associated
behaviors that are similar to those observed upon withdrawal from long-term treatment of
mice with ethanol liquid diet (Kliethermes, 2005; Umathe et al., 2008; Uzbay et al., 1997).
In addition to replicating previously reported increases in anxiety-like behavior in the EPM
during ethanol withdrawal after chronic ethanol injections (Farook et al., 2007), our study
also demonstrated that our shot-term alcohol treatment can produce increased anxiety-like
behavior in the OFA. The results also point to the fact that the light conditions under which
anxiety tests are conducted can influence the outcome and interpretation of results
(Bouwknecht & Paylor, 2008; Kliethermes, 2005). The OFA and EPM are exploration-
driven paradigms that measure the tendency of a mouse to stay in a relatively “safe” area
(the peripheral zone of the OFA and the closed arms of the EPM) vs. a more aversive area
(the center of the OFA and the open arms of the EPM). When we tested mice in low vs. high
ambient light levels we found that in low light conditions, locomotor behavior is not affected
and significant changes in anxiety-like behavior can be detected during ethanol withdrawal.
When luminosity is increased to amplify the aversive properties of the OFA, locomotor
behavior is impaired in mice undergoing ethanol withdrawal, making conclusions about
anxiety-like behavior difficult to interpret. Our results could in part help to explain the
variability of anxiety-like behavioral outcomes that have been reported in these behavioral
paradigms, even when rodents were exposed to ethanol through vapor or liquid diet
(Kliethermes, 2005).

Obsessive-compulsive disorder is an anxiety disorder often evident in alcohol dependent
patients undergoing withdrawal (Lima, Pechansky, Fleck, & De Boni, 2005; Neziroglu,
Yaryura Tobias, Lemli, & Yaryura, 1994; Suzuki, Muramatsu, Takeda, & Shirakura, 2002).
Elevated compulsive-like behavior has been shown to occur in male mice during ethanol
withdrawal in the MBT (Umathe et al., 2008). Both our short-term ethanol injection
treatment and liquid ethanol diet were sufficient to produce increases in compulsive-like
behavior during withdrawal. Our results are comparable to previous findings in the MBT
(Umathe et al., 2008). In addition, we show that this behavioral test can be used with both
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male and female mice. This piece of information was not provided in Umathe et al., 2008,
which only examined male mice.

Somatic symptoms are an important component of ethanol withdrawal in humans. Physical
signs include tremors, changes in heart rhythm and blood pressure, sweating, and tactile
disturbances reported as itching, burning and numbness sensations (Hall & Zador, 1997;
Jaeger, Lohr, & Pankratz, 2001; McKinley, 2005; Riddle, Bush, Tittle, & Dilkhush, 2010).
Together with affective changes, physical symptoms have a predictive value for the severity
of alcohol withdrawal and the subsequent therapeutic approaches (Jaeger et al., 2001;
Wetterling et al., 1997). In rodents, physical signs of withdrawal have been observed after
cession of various drugs of abuse, including nicotine, morphine, and cocaine (Erami et al.,
2012; Malin et al., 2000; Muldoon et al., 2014; Salas et al., 2007; Salas et al., 2004; Salas et
al., 2009). Somatic signs of ethanol withdrawal have also been reported in rats. These signs
include vocalizations, tail rigidity, tail tremors, wet dog shakes, teeth chattering, and
sniffling (Braconi et al., 2010; Economidou et al., 2011; Majchrowicz, 1975; Uzbay et al.,
1997). We chose to measure signs that are commonly observed in mice undergoing nicotine
and morphine withdrawal in addition to the aforementioned signs. Those signs include wet
dog shakes, scratching, grooming (including repetitive paw licking and genital licking),
chewing, jumping and cage scratching (Erami et al., 2012; Salas et al., 2004). Both ethanol
injection and ethanol diet produced a similar increase in total somatic signs during
withdrawal, although each treatment led to a different pattern of signs.

The ethanol withdrawal syndrome, like withdrawal from other drugs of abuse, is
characterized by symptoms that range in severity and follow distinct temporal patterns.
Within six hours of alcohol cessation, patients may experience symptoms such as increased
anxiety, depressed mood, sweating, hyperthermia, hypertension, tachycardia, tremors, and
nausea. Seizures and delirium take up to a couple of days to develop (Saitz, 1998). Physical
signs are generally short-lived, lasting no longer than a few days and are characterized as
acute withdrawal. Increased anxiety, depressed mood, and sleep disturbances can last weeks
and even years after the presence of the physical withdrawal signs has abated (Heilig, Egli,
Crabbe, & Becker, 2010). Such long lasting negative affect (increased anxiety and depressed
mood) is also described as protracted withdrawal and has been cited by many studies as a
contributor to alcohol relapse (Bradizza, Stasiewicz, & Paas, 2006; Swan, Ward, Carmelli,
& Jack, 1993; West, Hajek, & Belcher, 1989). Although our two distinct treatment
paradigms produced similar acute withdrawal symptoms, it is possible that protracted
symptoms could be observed in the liquid ethanol diet but not the short-term ethanol
injection paradigm.

This study utilized C57BL/6J mice as experimental subjects. Our decision to focus on this
particular inbred strain was based on its wide use as a background strain for genetically
engineered mice and its ability to perform a wide range of behavioral tasks (Crawley et al.,
1997). C57BL/6J mice drink significantly more ethanol than other inbred strains (Belknap,
Crabbe, & Young, 1993; Yoneyama, Crabbe, Ford, Murillo, & Finn, 2008). However, they
are relatively resistant to handling-induced convulsions, a commonly examined symptom of
alcohol abstinence (Crabbe, Young, & Kosobud, 1983; Metten & Crabbe, 1994). When
compared to C57BL/6J, the outbred strain Swiss Webster has similar baseline anxiety-like
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behavior in the EPM and the light/dark box (Crawley et al., 1997; van Gaalen & Steckler,
2000) and similar, low sensitivity to handling-induced convulsions during ethanol
withdrawal (Metten & Crabbe, 1994)(Farook et al., 2008; Farook et al., 2007). The DBA2/A
inbred strain consumes less alcohol but displays higher handling-induced convulsions scores
during alcohol withdrawal when compared to the C57BL/6J strain (Belknap et al., 1993;
Yoneyama et al., 2008). However, both strains exhibit significant increases in anxiety-like
behavior in the EPM during ethanol withdrawal (Finn, Gallaher, & Crabbe, 2000). Not
surprisingly, C57BL/6J and DBA2/A inbred strains are considered to be “good” and
“moderate” performers, respectively, in behavioral tasks that examine anxiety-like behavior
(Crawley et al., 1997). Overall, these observations suggest that the potential for strain-
specific withdrawal symptoms using either of the ethanol treatment paradigms presented in
this paper will most likely be influenced by the strain’s baseline behavior during a specific
behavioral test.

In conclusion, we have shown that a short-term regimen of daily ethanol injections
containing 4MP is sufficient to increase ethanol withdrawal-associated behaviors without
affecting the rewarding properties of ethanol. In addition, we showed that anxiety-like
behavior during withdrawal is affected by the ambient light levels in the testing
environment. Similar to other drugs of abuse, ethanol withdrawal also produces increases in
physical signs. The proposed treatment paradigm provides various advantages when
screening different mutant mouse lines and pharmaceutical agents. The advantages include
the ability to group house mice, the use of a smaller number of mice -as they can be
examined in several behavioral tests-, and the ability to study withdrawal at precise time
points after ethanol cessation.

Abbreviations

intraperitoneal

4MP 4-methylpyrazole

OFA open field arena

EPM elevated plus maze

MBT marble burying test
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Figure 1. Ethanol withdrawal induces anxiety-like behavior without affecting locomotion in the

open field arena

Mice were treated chronically with either control and ethanol injections (A, B) or liquid diet
(C, D). Locomotor behavior was not altered by ethanol withdrawal (A, C) but produced a
significant decrease in the center ratio (distance traveled in center zone/total distance
traveled; B and D). **p<0.05 compared to control-treated mice as measured by student t-
test. N’s are 13, 9 for injections and 13, 13 for liquid diet.
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Figure 2. Increased luminosity during anxiety tests produces changes in locomotion in mice
undergoing ethanol withdrawal

Control and ethanol injected mice were tested in the OFA, 24 hours after the last injection.
At high light levels, the total distance traveled was significantly decreased during
withdrawal when compared to control-treated mice (A). In this condition, anxiety, measured
as the center ratio, was similar in control vs. ethanol-treated mice (B). *p<0.05 compared to
control treated mice as measured by student t-test. N’s are 14 and 10.
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Figure 3. Ethanol withdrawal induces anxiety-like behavior in the elevated plus maze
Mice were exposed to ethanol injections (A, B) or ethanol liquid diet (C, D). During

withdrawal, mice were placed in the EPM for 10 min. The total time spent in the open arms
(A, C) and the entry ratios (B, D) were significantly reduced during ethanol withdrawal.
*p<0.05 compared to control-treated mice as measured by student t-test. N’s are 13, 9 for
injections and 13, 13 for liquid diet.

Alcohol. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnuen Joyiny

1duosnue Joyiny

1duosnuep Joyiny

Perez and De Biasi

Page 17

Chronic Injections

**

10 A

Marbles Buried

Control Ethanol
20 - Liquid Diet
* %

10 -

Marbles Buried

Control Ethanol

Figure 4. Ethanol withdrawal produces increases in compulsive-like behavior
Mice experiencing ethanol withdrawal were tested in the marble burying paradigm for 30

min. Marbles were considered buried if they were 2/3 covered with bedding. Mice treated
with ethanol injections (A) and liquid ethanol diet (B) buried more marbles, suggesting that
they were experiencing an increase in compulsive-like behavior during ethanol withdrawal.
**p<0.01 compared to control treated mice as measured by student t-test. N’s are 13, 12 for
injections and 13, 13 for liquid diet.
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Figure 5. Ethanol withdrawal increases somatic signs
Mice were observed for 20 min for the following signs: shaking, scratching, chewing,

grooming, tail rattling, vocalizations, writhing, and cage scratching. Ethanol withdrawal
produced a significant increase in the total number of somatic signs in both injection-treated
(A) and liquid diet-treated mice (C). Changes were also observed when individual signs
were examined (B, D). *p<0.05, **p<0.01 compared to control treated mice as measured by
student t-test. N’s are 13, 12 for injections and 13, 13 for liquid diet.
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