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Abstract

Ethanol craving plays a major role in relapse drinking behavior. Relapse and ethanol craving are
an important focus for the treatment of alcoholism. The ethanol deprivation effect (EDE) is a
widely used animal model of alcohol craving. While the EDE is widely studied in rats, the
molecular mechanisms underlying EDE are not clearly understood. The C57BL/6 inbred mouse
strain is widely used for behavioral and molecular analyses of ethanol drinking but studies on the
EDE have not been reported in this strain. In the present study, we characterized a simple
behavioral protocol that rapidly and reliably induced EDE in C57BL/6 mice. Briefly, single-
housed adult male C57BL/6NCrl and C57BL/6J mice were presented at the beginning of dark
phase with two-bottle choice drinking containing either 10 % w/v ethanol or tap water for 18-hrs/
day, as well as food ad libitum. Following ethanol drinking for 4 days or 14-days, mice were
deprived of ethanol for a period of 4 days. To study EDE, mice were reinstated with two-bottles
containing either ethanol (10 % w/v) or water. Mice were exposed to single or multiple ethanol
deprivation cycles. Ethanol consumption (g/kg/18-hrs) and percent ethanol preference (%
preference/18-hrs) was recorded for individual mice. C57BL/6NCrl mice consumed moderate
amounts (4.78 £ 0.63 g/kg) of ethanol but showed robust EDE after ethanol drinking episodes (4
days or 14 days) as evidenced by increased ethanol consumption and ethanol preference following
re-instatement of ethanol. While repeated ethanol deprivation in C57BL/6NCrl mice transiently
increased ethanol consumption and ethanol preference, the magnitude of these behaviors was
reduced as compared to the first deprivation cycle. In contrast, the C57BL/6J substrain consumed
substantially higher levels (9.65 £ 0.90 g/kg) of ethanol but did not show a clear EDE after single
or multiple ethanol deprivation cycles. In conclusion, we established a simple and reliable
behavioral model to study EDE in C57BL/6NCrl mice. A reliable behavioral model to study EDE
in inbred C57BL/6NCrl mice could greatly facilitate further studies on molecular mechanisms of
ethanol craving behavior.
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1. Introduction

Craving, described as a “desire for previously experienced effects of psychoactive
substances”, is thought to have a major role in relapse drinking behavior in previously
abstinent alcoholics (Koob, 2000). Relapse drinking behavior is a ubiquitous problem for
individuals recovering from alcoholism, since at least 60-80% of abstinent alcoholics will
relapse during their lifetime (Barrick and Connors, 2002; Chiauzzi, 1991; Jaffe, 2002; Weiss
etal., 2001). Relapse and ethanol craving are an important focus of therapeutic approaches
towards treatment of alcoholism.

The ethanol deprivation effect (EDE) is a robust and widely used animal model of ethanol
craving (Heyser et al., 1997; Sinclair and Li, 1989; Spanagel and Holter, 1999). In the EDE,
animals previously self-administering ethanol will increase their ethanol intake following a
period of deprivation. Renewed access to ethanol solutions after a period of deprivation for
several days/weeks leads to a pronounced, although temporary, increase in voluntary ethanol
intake. The EDE is observed in a variety of species including rats (McKinzie et al., 1998;
Rodd-Henricks et al., 2000a; Sinclair and Senter, 1967), mice (Salimov et al., 1993),
monkeys (Kornet et al., 1990; Sinclair, 1971), and humans (Burish et al., 1981; Mello and
Mendelson, 1972). Short (12-h or less; Sinclair and Li, 1989) or long (up to 75 days; Sinclair
et al, 1973) deprivation intervals both produce an EDE in rats. Further validation of the EDE
as a model for relapse comes from studies showing that pharmacological agents known to be
effective in treating alcoholism will also decrease the EDE in animal models (Heyser et al.,
1998; Kornet et al., 1991; Spanagel and Zieglgansberger, 1997).

In spite of considerable data on the EDE in rat model systems, the molecular events
underlying EDE are poorly understood. Behavioral studies using mouse models have
produced valuable information regarding molecular aspects of ethanol consumption due to
the availability of multiple inbred lines and transgenic over-expressing or null animals.
While several studies have shown gene deletion effects on EDE in hybrid null mice (129/Sv
x C57BL/6N) (Cowen et al., 2003; Sanchis-Segura et al., 2006), there are no studies
characterizing EDE in the widely used C57BL/6 strain, which voluntarily consume large
amounts of ethanol. Use of the C57BL/6 model for EDE would greatly aid mechanistic
studies given the wide range of established pharmacological, behavioral, and genetic
resources using this inbred mouse line.

In the present study, we evaluated the EDE in two closely related substrains of C57BL/6
mice, obtained from Charles River Laboratories (C57BL/6NCrl) and Jackson Laboratories
(C57BL/6J). The inbred mice strain, C57BL/6, was identified many years ago as having a
genetically influenced high preference for ethanol (McClearn and Rodgers, 1959). These
findings were confirmed in several studies of ethanol preference drinking (Belknap et al.,
1993; Fuller, 1964; Rodgers, 1972). The breeding stocks of C57BL/6 mice established at
Jackson Laboratories and Charles River Laboratories have been separated for over 5
decades. Thus, genetic drift may have produced considerable behavioral differences between
these two closely related inbred mouse populations. In line with this, an abstract by
Mulligan et al. (2005) recently reported preliminary studies showing statistically significant
differences in ethanol preference between C57BL/6NCrl and C57BL/6J mice. However,
these mice did not differ in their response to ethanol-induced loss of righting reflex,
sensitivity, acute functional tolerance to ethanol-induced hypnosis, saccharin and quinine
preference, and ethanol metabolism (Mulligan et al., 2005).

In view of scarcity of behavioral data on EDE in mice, the present study evaluated ethanol
preference and consumption after EDE in C57BL/6NCrl and C57BL/6J using the two-bottle
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(ethanol or water) choice paradigm. We show that a robust EDE can be observed in C57BL/
6 mice but that results can be markedly affected by the source of the animals.

2. Materials and Methods

2.1. Animals

Male C57BL/6NCrl and C57BL/6J mice at 60-80 days of age were purchased from Charles
River Laboratories (Wilmington, MA) and Jackson Laboratories (Bar Harbor, ME),
respectively. All mice were habituated to the housing environment by initially group
housing mice 4 per cage for 1 week followed by individually housing for 1 week. Cages and
bedding (Harlan Sani-Chips ®, catalog #7090A, Harlan Teklad, Madison, WI) were
replaced every week during the 6 hour window (see below) when ethanol solutions were not
available to mice. Mice were housed in a temperature (75 = 1°F) and light (12:12 h light—
dark cycle; lights on at 06:00 h) controlled room having free access to rodent chow (catalog
#7912; Harlan Teklad, Madison, WI) and water. All procedures were approved by the
Institutional Animal Care and Use Committee of Virginia Commonwealth University and
followed the NIH Guide for the Care and Use of Laboratory Animals (NIH Publications No.
80-23, 1996).

2.2. Two-bottle (ethanol or water) choice drinking

Two-bottle choice drinking in mice was initiated by positioning two bottles at the beginning
of dark phase one containing 10 % w/v ethanol (Aaper Alcohol and Chemical Co.,
Kentucky, USA) and the other tap water. The drinking bottles were constructed from 10 ml
plastic pipettes. The narrow end of the pipette was removed and replaced with a stainless
steel ball valve sipper tube which allowed the mice to drink while minimizing fluid loss. The
bottles were available for 18-hrs/day, as was ad libitum rodent chow. Mice were allowed
free access to water for the remaining 6 hours/day from a standard water bottle. Bottle
position was varied in double alternation fashion (L,L,R,R etc.) to control for arbitrary side
preference. Mice were left undisturbed during drinking sessions, after which fluid
consumption from the graduated drinking bottles was measured to nearest 0.1 ml. Following
ethanol drinking, mice were deprived of ethanol for 4 days (unless stated otherwise), as
described below. After this deprivation period, mice were again allowed access to the two-
bottles containing either ethanol (10 % w/v) or water and fluid consumption was monitored
every 18-hr as described above. Ethanol consumption was calculated as grams of ethanol per
kilogram bodyweight per 18 hours. Percent ethanol preference for individual mice was
obtained by dividing volume of ethanol consumption by total (ethanol plus water) fluid
consumption for daily 18-hr drinking sessions. Separate bottles containing 10 % w/v ethanol
or tap water were placed in an empty cage to account for loss due to evaporation. These
values were subtracted from the amount of liquid consumed for each mouse to calculate
corrected preference ratios and ethanol intake. Different experiments were designed to
evaluate the effect of single or multiple ethanol deprivations on ethanol (4 days or 14 days-
term) self-administration in inbred mice strains.

2.3. Experiment 1. Effect of single (4-days) or multiple (3 x 4 days) ethanol deprivations on
ethanol self-administration in C57BL/6NCrl mice

Single housed C57BL/6NCrl mice (n = 26) were presented with two bottles containing
either ethanol (10 % w/v) or tap water, 18-hrs/day for 4 consecutive days. On the fourth day
graduated ethanol and tap water bottles were removed and mice had free access to standard
water bottles for 4 days. After this period of ethanol deprivation, mice were again allowed
access to the two graduated bottles containing either ethanol (10 % wi/v) or water for 4 days
(18-hrs/day).
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In order to study the effect of multiple ethanol deprivations on ethanol consumption and
ethanol preference, separate individually housed C57BL/6NCrl mice (n = 20) were
presented with two-bottles containing either ethanol (10 % w/v) or water for 4-days (18-hrs/
day). This was followed by ethanol-deprivation period of 4 days during which the animals
only had access to water. This process of ethanol exposure and deprivation was repeated for
3 consecutive cycles, constituting multiple ethanol deprivations. Ethanol and water
consumptions were recorded daily and volume corrected for loss due to evaporation using
control bottles housed in similar position.

2.4. Experiment 2. Effect of multiple (3 x 4 days) ethanol deprivations on ethanol self-
administration in C57BL/6J mice

Since C57BL/6J mice are a more commonly used inbred strain for studying behavioral
effects of psychoactive drugs, we studied the effects of multiple ethanol self-administration
and deprivation cycles in C57BL/6J mice from Jackson Laboratories. Individually housed
C57BL/6J mice (n = 11) were exposed to 3 cycles of ethanol (10 % wi/v, 4 days/18-hrs)
exposure and 3 cycles of ethanol deprivations (4—7 days of ethanol deprivations) in a two-
bottle choice paradigm as described in Experiment 1. Ethanol and water consumption were
recorded daily after every 18-hrs to the nearest 0.1 ml accuracy.

2.5. Experiment 3. Effect of single short term (4 days) ethanol deprivation after 14-days of
ethanol self-administration in C57BL/6NCrl mice

Several previous studies have reported an EDE in rodents following long term ethanol self-
administration (Holter et al., 1998; Spanagel and Holter, 1999). To study the effect of
ethanol deprivation after a longer period of ethanol self-administration, C57BL/6NCrl mice
(n=9) were exposed to the two-bottle choice model containing either ethanol (10 % wi/v) or
water for 14 days (18-hrs/day). After stabilization of ethanol consumption from 14 days of
self-administration, mice were deprived of ethanol for 4 days. This was by followed by
reinstatement of drinking bottles containing ethanol (10 % w/v) or water for another 14
days.

3. Statistical analysis

4. Results

Ethanol consumption was expressed as g/kg/18-hrs (mean + SEM) and ethanol preference
was expressed as % ethanol preference/18-hrs (mean = SEM). Data was analyzed using
repeated measures analysis of variance (ANOVA). Significant interactions were assessed by
Bonferroni’s multiple comparison post-hoc test. A value of P < 0.05 was considered to be
statistically significant in all cases.

4.1. Short term (4 days) ethanol deprivation effect in C57BL/6NCrl mice

C57BL/6NCrl mice consumed a substantial amount of ethanol, 4.78 + 0.63 g/kg/18-hrs, in
the two-bottle (10% w/v ethanol or water) choice self-administration paradigm. Short-term
ethanol deprivation produced a significant EDE. As depicted in Fig. 1a, four days of ethanol
deprivation after 4 days of consecutive ethanol self-administration induced an increase (P <
0.05, days 1-4 vs. days 10 or 11; P < 0.01, days 2 or 3 vs. day 9 or 12, Bonferroni Multiple
Comparison test) in ethanol consumption following reinstatement [F(7,207) = 11.16; P <
0.001]. Further, ethanol consumption (g/kg/18-hrs) significantly correlated with ethanol
preference (r2 = 0.7126; P < 0.0001).

Some reports in rats have shown the EDE to increase with repeated bouts of deprivation
(Rodd et al., 2003). To test this in a mouse model, we performed multiple short-term ethanol
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deprivations and re-exposures. This experiment produced a significant EDE in C57BL/
6NCrl mice [F(5,119) = 13.88, P < 0.0001]. As shown in Fig. 1b, a short term (4 days)
ethanol self administration followed by ethanol deprivation (4 days) produced a robust (2.1
fold) increase in ethanol consumption on day 9 vs. day 4 (P < 0.001, Bonferroni Multiple
Comparison test). Multiple comparison testing showed that ethanol consumption was also
increased significantly (1.9 fold) on day 17 compared with day 4. However, by the third
cycle of deprivation there were no significant changes in ethanol consumption with drinking
levels returned to near baseline (P > 0.05, day 25 vs. day 4 or day 20). Deprivation-induced
increases in ethanol consumption were also associated with significant increases in ethanol
preference [F(5,119) = 4.47, P = 0.0011] which mirrored the increases in ethanol
consumption (P < 0.05, day 4 vs. day 9 or day 17, Bonferroni Multiple Comparison test).
The first round of ethanol deprivation followed by ethanol reinstatement induced 1.8-fold
increase in ethanol preference (P < 0.001, Bonferroni Multiple Comparison test). In
subsequent rounds there were progressively smaller increases in ethanol preference
following deprivation (Fig. 1c). Ethanol consumption (g/kg/18-hrs) was significantly
correlated (r2 = 0.8998; P < 0.0001) with ethanol preference (Fig. 1d). As indicated by the
correlation between consumption and preference, the increase in ethanol intake was not due
to a general increase in total fluid consumption, which remained stable throughout the cycles
of multiple ethanol deprivations [F(9,171) = 0.99, P = 0.45].

4.2. Short term (4 days) ethanol deprivation effect in C57BL/6J mice

C57BL/6J mice are a commonly used inbred mouse substrain for behavioral studies and are
known to consume large amounts of ethanol (Metten et al., 1998; Phillips et al., 1994). In
the present study, C57BL/6J mice consumed 9.65 + 0.90 g/kg/18-hrs of ethanol in the two-
bottle ethanol/water choice drinking paradigm. There was a significant difference in ethanol
consumption between C57BL/6J mice and C57BL/6NCrl mice (unpaired t-test, P < 0.001).
Surprisingly, short term ethanol deprivation in C57BL/6J mice did not result in significant
increases in ethanol consumption or ethanol preference (Figures 2a and 2b). Repeated cycles
of ethanol self-administration for 4 days followed by ethanol deprivation for 4 days
produced ~1.4 fold increase (P < 0.05, day 4 vs. day 17, Bonferroni Multiple Comparison
test) in ethanol consumption only after the second deprivation period [F(5, 65) = 4.591, P =
0.0038]. However, there was no significant increase in ethanol preference [F (5, 65) = 1.438,
P = 0.22]. Ethanol consumption (g/kg/18-hrs) again correlated (r2 = 0.447; P < 0.0001) with
ethanol preference since total fluid intake did not significantly change before or after ethanol
deprivation periods.

4.3. EDE in C57BL6.NCrl mice after 14 days of ethanol self-administration

To determine whether longer periods of ethanol pre-exposure might increase the magnitude
of the EDE, we exposed C57BL/6NCrl mice to two-bottle choice drinking for 14 days prior
to ethanol deprivation (Fig. 3). Ethanol consumption during the 14 days of pre-deprivation
period remained stable [F(13, 125) = 0.74, P > 0.05, Fig. 3a], confirming that uncontrolled
environmental parameters did not alter ethanol drinking appreciably. As shown in Fig. 3b,
ethanol deprivation for 4 days following 14 days of ethanol self-administration caused a
robust elevation in ethanol self-administration after ethanol reinstatement [F(3, 35) = 16.47,
P < 0.001]. Ethanol consumption after deprivation (day 19) was ~1.8 fold greater than
consumption prior to deprivation (P < 0.001, day 14 vs. day 19, Bonferroni Multiple
Comparison test). Elevated ethanol consumption lasted for 4 days following ethanol
deprivation but decreased to near pre-deprivation levels by day 32 (P > 0.05, day 32 vs. day
14; Fig. 3b). Ethanol deprivation also induced a significant (1.6 fold, P < 0.05, day 14 vs.
day 19, Bonferroni Multiple Comparison test) increase in ethanol preference (Fig. 3c) after
14 days of ethanol self-administration [F(3,35) = 3.864, P = 0.022]. Total fluid consumption
was not significantly different before and after the ethanol deprivation period (not shown).
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5. Discussion

The present study shows a significant ethanol deprivation effect in C57BL/6NCr1 mice, as
evidenced by increased ethanol consumption and preference, following ethanol (10 % wi/v)
reinstatement using a two-bottle choice paradigm. This is the first report on the EDE in
C57BL/6 mice, a widely used model for studies on ethanol drinking behavior. Our findings
illustrate several differences compared to the EDE seen in rat models and also show that the
EDE can vary across the same strain of mice derived from different suppliers.

Using a 4 day (Fig. 1) or 14 day (Fig. 3) ethanol two-bottle choice baseline, we found that
C57BL/6NCrl mice showed very consistent 50-100% increases in ethanol consumption or
preference following a 4 day deprivation period. The magnitude of these responses is very
similar to findings in rat models. Similar to studies in rats, we observed that the deprivation
effect was transient, tending to return to basal drinking levels within 3 days of reinstituting
two-bottle choice drinking (Figs. 1-3). However, most studies on the EDE in rats have
utilized a much longer ethanol self-administration baseline or longer deprivation periods
than those used in our studies (Heyser et al., 1997;Rodd et al., 2003;Spanagel and Holter,
1999). We found that an EDE can be established in mice rapidly with 4 days of ethanol self-
administration or deprivation without the need for long-term ethanol self-administration.
However, a 14 day period of ethanol consumption prior to the EDE did show a trend toward
a more prolonged period of elevated ethanol drinking following deprivation (Fig. 3 vs. Fig.
1). Our protocol thus provides a facile method for rapid studies on the EDE in mouse
models.

Repeated EDE cycles closely resemble human alcohol drinking patterns (Finney and Moos,
1991; McMillen, 1997; Nezlek et al., 1994). The drinking pattern of human alcoholics is
correspondingly segmented by multiple periods of abstinence and intake (Burish et al.,
1981; Hilbrom, 1990; McMillen, 1997). This cyclic pattern of consumption and deprivation
may have severe consequences in humans since multiple previous detoxifications are
associated with a reduction in the response to treatment of withdrawal symptoms and
heavier drinking during outpatient detoxification (Malcolm et al., 2000). Work on the EDE
in rat models has generally shown that repeated cycles of deprivation cause an increase in
the magnitude of the deprivation effect (see below). A repeated deprivation-access cycle of
oral ethanol self-administration in P rats increased the magnitude and prolonged expression
of EDE (Rodd et al., 2003). Repeated cycles of ethanol access and forced abstinence to a
single concentration (10 % v/v) of ethanol resulted in ethanol intakes of greater than 10 g/
kg/day and more prolonged expression (4 consecutive days of increase intake) of an EDE in
P rats (Rodd-Henricks et al., 2000b). The expression of an EDE in HAD rats given a single
concentration of ethanol (10 % v/v) was dependent upon exposure to repeated cycles of
deprivation and ethanol access (Rodd-Henricks et al., 2000b). Surprisingly, our data
suggested that repeated deprivation cycles in C57BL/6 mice did not increase the deprivation
effect, and actually tended to show decrements in post-deprivation ethanol consumption
over time (Fig. 1b). This might be due to a number of procedural differences in our method
for inducing EDE in mice as compared to the methods used in rats. For example, mice in our
studies had a daily 6-hour abstinence from ethanol during the light phase to allow basic
animal housekeeping without disturbing the two-bottle choice drinking bottles, unlike the
commonly used method in rats with 24-hour access to ethanol bottles. Although such
procedural variance might explain differences between our studies and those in rats, there
remains the possibility that rats, in general, exhibit a more robust EDE despite usually
having lower tendencies to self-administer ethanol than the C57BL/6 mice used in this work.

One additional surprising finding of the studies reported here was that ethanol deprivation in
C57BL/6J mice did not produce significant increases in ethanol consumption and ethanol
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preference. The C57BL/6NCrl mice consistently showed an EDE despite having basal
ethanol consumption rates considerably lower than the C57BL/6J mice. One explanation for
the differences in EDE between these two substrains is a possible “ceiling effect” in the
Jackson Lab mice, such that deprivation can no longer produce increases in ethanol intake.
This is reflected in the very high percentage of daily drinking observations having ethanol
preference ratios > 0.75 in the C57BL/6J mice (60.8 %, Fig. 2) while the C57BL/6NCrl line
has only 36.22 % (Fig. 3) with drinking preferences exceeding 0.75 [Figs. 2 and 3; chi-
square test (x= = 50.26, P < 0.0001)]. This difference in drinking patterns between the
Jackson Lab and Charles Rivers C57BL/6 substrains has been observed by others (R.
Spanagel, personal communication). Regardless of the mechanism, our findings may explain
why investigators have found it difficult to demonstrate the EDE in C57BL/6, since C57BL/
6J mice are most often used for ethanol drinking studies due to their high basal intake (H.
Becker, personal communication).

One alternative interpretation of the EDE seen in C57BL/6NCrl mice, or any other EDE
two-bottle choice model, could be that the deprivation period decreases “aversion” for
ethanol rather than increasing “craving”. This is of concern since the C57BL/6NCrl show
preference ratios for ethanol slightly below or mildly above fifty-percent, thus representing
little “preference” for ethanol (see Figs. 1 and 3). Operant models would be needed to fully
characterize the contribution of increased incentive for ethanol caused by the deprivation
period. Even in two-bottle models where preference exceeds fifty percent, an increase in
preference caused by a deprivation period could always have a contribution by decreased
aversion to ethanol. Conversely, assuming that ethanol preference in a two-bottle method
likely represents a balance between incentive reward and aversion, any relative increase in
preference could represent an increase in incentive for ethanol’s pharmacological effect.
There are numerous reports showing the EDE in rat models with operant procedures, thus
validating the basic premise of the EDE. Future studies will be required to determine to what
extent the EDE in C57BL/6NCrl mice indeed represents increased incentive for ethanol.

Our suggestion that C57BL/6J mice might not exhibit an EDE due to a ceiling effect raises
interesting points regarding the mechanisms and interpretation of the EDE. Data
demonstrating that both HAD and LAD rats or P and NP rats exhibit an EDE would seem to
negate a direct casual relationship between basal ethanol consumption and the EDE. These
strains were selectively bred for extreme differences in ethanol consumption (cf. Murphy et
al., 2002). Voluntary ethanol consumption in P rats is ~ 5 g/kg/day and NP rats is ~ 0.5 g/kg/
day. HAD rats consume ~ 6.5 g/kg/day and LAD rats consume ~ 0.5 g/kg/day (cf. Murphy
et al., 2002). Both P and HAD rats display an EDE (Rodd-Henricks et al., 2000b). In the
present study basal consumption in C57BL/6J mice was ~ 10 g/kg/18-hrs and C57BL/6NCrl
mice consumed ~ 4.5 g/kg/18-hrs. Although mice have been reported in some studies to
metabolize ethanol approximately twice as fast as rats (Able, 1982), it remains possible that
C57BL/6J mice achieve higher brain ethanol concentrations than do any of the rat strains
mentioned above. Thus, a ceiling effect may contribute to the lack of an EDE for C57BL/6J
mice in our studies.

Other factors, such as genetic differences in signaling events related to the genesis of the
EDE or environmental factors from differing suppliers, could obviously also explain our
observed differences in EDE between C57BL/6J and C57BL/6NCrl mice. There are more
than 50 years of potential genetic drift between these two substrains. Mulligan et al. (2005)
recently reported significant differences in ethanol preference and brain gene expression
between C57BL/6NCrl and C57BL/6J mice. Our own microarray studies confirm substantial
differences in gene expression in nucleus accumbens of these two highly related substrains
(Wolstenholme, Khisti and Miles, unpublished results). Although molecular studies on such
genetically similar substrains might contribute to our understanding of mechanisms
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underlying genetic variance in drinking behavior, these studies will be complicated by the
existence of substantial “random” genetic variance between the two subtypes, unrelated to
the difference in drinking behavior.

Much effort has been expended developing animal models that mimic the magnitude of
ethanol intake achieved in human alcoholism. However, our findings suggest that “craving”
for ethanol can be robustly observed in the absence of a long history of excessive ethanol
intake. This hypothesis assumes that the EDE does indeed faithfully model some aspects of
craving relevant to ethanol relapse behavior. Relevant to this, we did not measure blood
ethanol levels in our animals so we do not know whether “pharmacologically relevant”
ethanol concentrations were obtained. This was purposely done to avoid any distress or pain
to mice that might alter two-bottle choice ethanol consumption. In the two-bottle choice
method, mice tend to consume most ethanol during the first few hours of the dark phase
(Rhodes et al., 2005). We have verified this observation with the C57BL/6NCrl mice,
finding that the average consumption was 2.7 g/kg within the first 4 hours after placement of
ethanol solutions. Thus, despite the C57BL/6NCrl mice consuming only 5-10 g/kg of
ethanol per 18 hours, it is possible that significant blood ethanol levels were developed
during the early portion of the drinking period. It has been assumed in most studies on the
EDE, that ethanol consumption and subsequent withdrawal generate brain plasticity that
accounts for the EDE. Supporting this is the fact that the EDE requires several days of
withdrawal to be expressed. In our studies, we found that deprivation periods of less than 4
days did not produce a significant EDE (data not shown). Thus, despite the relatively low
blood ethanol concentrations achieved in most rodent models, it seems highly likely that
some pharmacological action of ethanol combined with withdrawal, is responsible for
increasing ethanol consumption post-withdrawal. Regardless, it remains a possibility that
some other pre-ingestive factors, unrelated to ethanol pharmacological actions, influence the
EDE in rodent models.

As mentioned previously, the EDE has been found in a number of outbred strains of rats
(Heyser et al., 1997; Holter and Spanagel, 1999; Rodd-Henricks et al., 2000a; Sinclair and
Li, 1989), monkeys (Kornet et al., 1991; Sinclair, 1971), and human social drinkers (Burish
et al., 1981). It has been suggested that the EDE can serve as a model of relapse to alcohol
(Li, 2000; Spanagel and Holter, 2000), primarily because the increase in ethanol-drinking
behavior after periods of abstinence parallels the clinical literature on the priming effect of
alcohol in humans (Ludwig and Wikler, 1974; Ludwig et al., 1974). Pharmacological studies
using EDE in rats have further validated its use as an animal model of craving relevant to
alcoholism (Spanagel and Holter, 2000). New and existing anti-craving medications test
successfully in the EDE model. For example, two medications currently on the market for
the prevention of relapse in alcoholism, naltrexone and acamprosate, both block the EDE in
rat models (Heyser et al., 1997). Our findings suggest that mouse EDE models such as that
with C57BL/6NCrl mice used in these studies, might indeed be a valuable tool for future
studies on the molecular mechanisms of craving and drinking behavior.
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Fig. 1.

Effect of single or multiple repeated EDE after short term ethanol self-administration in
C57BL/6NCr1 mice. a) Following 4 days of two-bottle choice drinking with 18-hrs ethanol
access times, C57/BL/6NCr1 mice (n= 26) were deprived of ethanol for 4 days followed by
re-exposure. Ethanol or total fluid intake per 18-hr sessions was recorded for 4-baseline days
before and after ethanol deprivation. Ethanol consumption (g/kg/18-hrs) significantly
increased in ethanol deprived animals compared to pre deprivation days (*P < 0.05, day’s 1-
4 vs. day’s 10 or 11; #P < 0.01, day’s 2 or 3 vs. day 9 or 12, Bonferroni Multiple
Comparison test). Separate single housed mice (n = 20) were exposed to repeated (3 cycles)
two-bottles choice drinking periods lasting for 4 days followed by ethanol deprivations for 4
days. Ethanol consumption (g/kg/18-hrs) and ethanol preference (% pref./18-hrs) are shown
for a day before and a day after ethanol deprivations. b) Ethanol consumption was
significantly increased following repeated ethanol deprivations (*P < 0.001 day 4 vs. day 9;
**P < 0.01 day 4 vs. day 17, Bonferroni Multiple Comparison test). Post deprivation ethanol
consumption did not differ from baseline after the third deprivation cycle (P > 0.05, day 25
vs. day 4 or day 20, Bonferroni Multiple Comparison test), ¢) ethanol preference was
elevated (*P < 0.05 day 4 vs. day 9; **P < 0.01 day 4 vs. day 17, Bonferroni Multiple
Comparison test) following multiple ethanol deprivations, d) Mice display a significant
correlation (r2 = 0.8988, P < 0.0001) between ethanol consumption (g/kg/18-hrs) and
ethanol preference (% pref./18-hrs).
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Fig. 2.

Effect of repeated short-term ethanol deprivation on ethanol self-administration in C57BL/
6J mice. C57BL/6J mice (n = 11) were exposed to repeated (3 cycles) two-bottles choice
drinking periods lasting for 4 days followed by ethanol deprivations for 4—7 days. Ethanol
consumption (g/kg/18-hrs) and ethanol preference (% pref./18-hrs) are shown for a day
before and a day after ethanol deprivations. a) Ethanol consumption (g/kg/18-hrs) was
increased following second cycle of ethanol deprivation (*P < 0.05, day 4 vs. day 17,
Bonferroni Multiple Comparison test), b) ethanol preference was not altered following
repeated ethanol deprivations.

Alcohol. Author manuscript; available in PMC 2011 April 26.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Khisti et al.

Page 14

a) 157
9
‘.5_"‘\
E 2
0 O .
20‘.310
83
€3 5
=
[
0 T T T T T T T
0O 2 4 6 8 10 12 14
D
Treatment E ED s E
—_— >
Days 14 4 14
b) ¢ 157
£ T T
2 5 10- L] {L
5< T
s2 | T
€51 ||
m
=
i
0 ED
c) 14 19 22 32
Days
o 75 *
Q
c -
T
- ==
3 %501 T T
o T l
5D 1
Sa
£ =251
m\_/
X
ED
0
14 19 22 32

Days

Fig. 3.

Ethanol deprivation effect after 14 day ethanol self-administration in C57BL/6NCr1 mice.
a) Mice (n = 9) were allowed to self-administer ethanol (10 % w/v) for 14 days (18-hr
sessions). The ethanol consumption remained stable during this period [F(13,125) = 0.74, P
> 0.05, repeated measures ANOVA]. After 14 days of ethanol consumption mice were
deprived of ethanol bottles for 4 days. After this short ethanol deprivation period, mice were
reinstated with two-bottle (ethanol or water) choice drinking for 14 days. Ethanol
consumption (g/kg/18-hrs) and ethanol preference (% pref./18-hrs) are shown for a day
before ethanol deprivation and for days after ethanol reinstatements (day 19, day 22 and day
32). b) Ethanol consumption (g/kg/18-hrs) was markedly increased following ethanol
deprivation for 4 days (*P < 0.001, day 14 vs. day 19 or day 22, Bonferroni Multiple
Comparison test), ¢) ethanol preference was increased following repeated ethanol
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deprivations (*P < 0.05, day 14 vs. day 19, Bonferroni Multiple Comparison test). Ethanol

consumption and ethanol preference were reduced to baseline ethanol self-administration
levels by day 32 (P > 0.05, day 32 vs. day 14, Bonferroni Multiple Comparison test).
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