
Voluntary Ethanol Consumption in 22 Inbred Mouse Strains

Naomi Yoneyama2, John C. Crabbe1,2, Matthew M. Ford2, Andrea Murillo2, and Deborah A.
Finn1,2

1 Portland Alcohol Research Center, Veterans Affairs Medical Center, Oregon Health & Science University,
Portland, Oregon 97239

2 Department of Behavioral Neuroscience, Oregon Health & Science University, Portland, Oregon 97239

Abstract
Inbred strains are genetically stable across time and laboratories, allowing scientists to accumulate
a record of phenotypes, including physiological characteristics and behaviors. To date, the C57/C58
family of inbred mouse strains has been identified as having the highest innate ethanol consumption,
but some lineages have rarely or never been surveyed. Thus, the purpose of the present experiment
was to measure ethanol preference and intake in 22 inbred mouse strains, some of which have never
been tested for ethanol consumption. Male and female mice (A/J, BALB/cByJ, BTBR+Ttf/tf, BUB/
BnJ, C57BL/6J, C57BLKS/J, C58/J, CZECH/Ei, DBA/2J, FVB/NJ, I/LnJ, LP/J, MA/MyJ, NOD/
LtJ, NON/LtJ, NZB/B1NJ, NZW/LacJ, PERA/Ei, RIIIS/J, SEA/GnJ, SM/J, and 129S1/SvlmJ) were
individually housed and given unlimited access in a two-bottle choice procedure to one bottle
containing tap water and a second containing increasing concentrations of ethanol (3%, 6%, 10%),
0.2% saccharin, and then increasing concentrations of ethanol (3%, 6%, 10%) plus 0.2% saccharin.
Mice were given access to each novel solution for a total of 4 days, with a bottle side change every
other day. Consistent with previous studies, C57BL/6J (B6) mice consumed an ethanol dose of >
10g/kg/day while DBA/2J (D2) mice consumed < 2g/kg/day. No strain voluntarily consumed greater
doses of ethanol than B6 mice. While the C58 and C57BLKS strains showed high ethanol
consumption levels that were comparable to B6 mice, the BUB and BTBR strains exhibited low
ethanol intakes similar to D2 mice. The addition of 0.2% saccharin to the ethanol solutions
significantly increased ethanol intake by most strains and altered the strain distribution pattern. Strong
positive correlations (rs ≥ 0.83) were determined between consumption of the unsweetened versus
sweetened ethanol solutions. Consumption of saccharin alone was significantly positively correlated
with the sweetened ethanol solutions (rs = 0.62 – 0.81), but the correlation with unsweetened ethanol
solutions was considerably lower (rs = 0.37 – 0.45). These results add new strains to the strain mean
database that will facilitate the identification of genetic relationships between voluntary ethanol
consumption, saccharin preference, and other phenotypes.
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INTRODUCTION
No single animal model can duplicate a phenotype as complex as alcoholism in its entirety.
Nonetheless, animal models of oral ethanol self-administration are widely used for examining
specific aspects of behavior and physiology relevant for understanding alcoholism
(Cunningham et al., 2000). The most common way to examine oral ethanol consumption is the
two-bottle choice procedure, in which animals have continuous free access to two bottles
containing water or a dilute ethanol solution. By measuring the volume of ethanol and water
consumed, one can elucidate behavioral patterns amongst rodents of different genetic
backgrounds.

It has long been established that some inbred strains prefer to drink an ethanol solution
(McClearn and Rodgers, 1959), while others do not. However, there are more than one hundred
inbred mouse strains derived from seven lineages (Petkov et al., 2004), and only a handful have
been examined for this phenotype (e.g., Rodgers, 1966; Belknap et al., 1993). These two studies
measured voluntary two-bottle choice preference drinking in 14–15 inbred strains, in which
an animal was given a choice between a bottle containing a dilute ethanol solution (often 10%
v/v in tap water) and a bottle containing tap water. Consistent with previous reports, C57BL/
6 (B6) mice voluntarily consumed an ethanol dose > 10 g/kg/day, whereas DBA/2 (D2)
consumed < 2 g/kg/day, patterns that have often been replicated (e.g., Fuller, 1964). However,
some lineages have rarely or never been surveyed (e.g., Japan NZ lineage or wild-derived
strains).

There are several advantages of testing multiple inbred strains. Once established, each strain
remains genetically stable over time and across laboratories because same-sex individuals
within an inbred strain are genetically identical and possess two identical alleles at each locus
(discussed in Crabbe, 1999). This allows geneticists to build a cumulative database. When
multiple inbred strains are compared for a behavioral response under carefully controlled
environmental conditions, the difference among strain means is largely genetic in origin. Thus,
another advantage to inbred strain studies is that testing multiple strains that exhibit a range of
behavioral responses will allow estimation of genetic correlations. For example, recent work
documented that preference for a 10% ethanol solution is highly stable over a period of 40–50
years, with most strain correlations across studies in the range of 0.89 – 0.98 (Wahlsten et al.,
2006). (n.b., this comparison included some of the 10% ethanol preference data reported in the
current manuscript). It should be noted that inbred strains have the limitation that all loci are
fixed homozygous so that any effects of heterozygosity cannot be captured. This also limits
their capacity to model individual differences in human populations, which feature not only
heterozygosity but also rare alleles that have not been eliminated from the population by drift
or selection pressures. Thus, decisions on the most appropriate animal model to examine
depend on research goals. Since we wished to add to the cumulative strain mean database, we
reasoned that testing a panel of inbred strains was the best strategy to achieve this goal.

When considering oral consumption of ethanol in humans and animals, sensory modalities
such as taste, olfaction and chemosensory irritation are three independent systems that each
play an important role in the acceptance or rejection of the alcohol solution (Bachmanov et al.,
2003). Previous work looking at possible contributions to voluntary ethanol consumption in
B6 and D2 mice have examined preabsorptive qualities of ethanol (e.g., taste and odor;
Kampov-Polevoy et al., 1990) as well as strain differences in acceptance of an ethanol solution
when water is not an alternative (Belknap et al., 1978). An examination of these mechanisms
can aid in our understanding of strain differences in ethanol consumption. Previous data have
shown that some strains avoid an ethanol solution unless it was masked by the sweet taste of
saccharin (e.g., Belknap et al. 1993). Certainly, operant ethanol self-administration studies
pioneered by Samson (1986) demonstrated that introducing ethanol into a sweet solution and
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then fading out the sweet solution produced reliable responding for and consumption of ethanol
in approximately 2 months (e.g., Samson, 1986; Weiss et al., 1990). Interestingly, recent work
found that mutant mice with a deletion of a gene critical in taste transduction (e.g., α-gustducin
(Gnat3), Tas1r3 or Trpm5) significantly decreased preference for alcohol and saccharin
solutions without altering consumption of sodium chloride solutions (Blednov et al. 2007).
These findings are consistent with studies demonstrating a strong association between the
consumption of ethanol and sweetened fluids (e.g., Belknap et al., 1993; Kampov-Polevoy et
al., 1999; Blizard and McClearn, 2000).

The purpose of the present study was to examine a panel of 22 inbred strains, some of which
have never been tested, for their consumption of ethanol solutions at different concentrations
in the presence or absence of saccharin, with water freely available. In general, the method
described in Belknap et al. (1993) was utilized with a small modification, as this method elicited
three patterns of strain responses regarding their voluntary consumption of ethanol, ethanol
plus 0.2% saccharin, or 0.2% saccharin solutions. By following essentially the same protocol
used by Belknap et al. (1993), we reasoned that the resulting data could be combined with the
Belknap data when added to the Mouse Phenome Database (MPD), greatly strengthening
subsequent correlational analyses with other traits (Grubb et al., 2004). An additional
advantage to allowing mice 4 days to consume each solution is that recent work indicated that
two-bottle choice tests (conducted across a range of 1 – 6 days) were most sensitive to detect
strain differences when they lasted 4 days (Tordoff and Bachmanov, 2002). The 0.2% saccharin
solution was chosen based on early work indicating that it is the maximally preferred
concentration for both the B6 and D2 inbred strains (Fuller, 1974). Additional goals were to:
1) Estimate the coefficient of genetic determination (or heritability) for these consumption
traits (i.e., the proportion of observed variability that is genetically determined); 2) Examine
genetic correlations, or the degree to which two phenotypes show common genetic influence,
across other ethanol-related behaviors and archived data; and 3) Identify strains that exhibit
very high or very low ethanol consumption.

METHODS
Subjects

Studies were conducted on drug-naïve, male and female mice from 22 inbred strains. Mice
were purchased from the Jackson Laboratory (Bar Harbor, ME) and shipped to Portland,
Oregon at 6–8 weeks of age. The number of animals per strain was as follows, with nearly
equal numbers of each sex tested per strain: A/J (N = 16), BALB/cByJ (N = 16), BTBR
+Ttf/tf (N = 16), BUB/BnJ (N = 10), C57BL/6J (N = 16), C57BLKS/J (N = 15), C58/J (N =
15), CZECH/Ei (N = 10), DBA/2J (N = 16), FVB/NJ (N = 16), I/LnJ (N = 16), LP/J (N = 16),
MA/MyJ (N = 16), NOD/LtJ (N = 16), NON/LtJ (N = 16), NZB/B1NJ (N = 16), NZW/LacJ
(N = 16), PERA/Ei (N = 14), RIIIS/J (N = 16), SEA/GnJ (N = 16), SM/J (N = 16), and 129S1/
SvlmJ (N = 16). The strains were tested in six passes (A–F), with each pass comprised of 42
– 64 mice. The order of testing the strains was dictated by the availability from Jackson
Laboratory, and strain shipments were staggered so that 4 strains were tested in passes A–D
and 3 strains were tested in passes E–F. Testing occurred across the months of July 2002 –
February 2003. Mice were group housed (4 to a cage, separated by sex and strain) in the
Department of Veterans Affairs Veterinary Medical Unit in clear polycarbonate/polysulfone
cages (28 × 18 × 13 cm) on Bedicob bedding. Animals were allowed to acclimate an average
of 1 month to the temperature (22 ± 1°C) and humidity controlled environment with a 12:12
hour light/dark cycle (lights on at 0600) prior to experimentation, which was due in part to the
manner in which strain shipments were received. Thus, the age range when ethanol access
began varied for each pass: Pass A, B & F (60 – 80 days), Pass C (90 – 100 days), Pass D (120
– 130 days) and Pass E (90 – 140 days). Rodent chow (Purina 5001) and water were given ad
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libitum throughout the study. To acclimate to the drinking bottles used in the study, the mice
were individually housed 1 day before the start of the study with rodent chow and continuous
access to 2 bottles (25 ml graduated cylinders) containing tap water. All procedures followed
the United States Public Health Service and National Institutes of Health Guidelines for the
Care and Use of Laboratory Animals and the Principles of Laboratory Animal Care, and were
approved by the local Institutional Animal Care and Use Committee.

General Procedures
All mice had 24 hr access to two inverted bottles with metal sippers placed on stainless steel
cage tops. Food was distributed near both bottles to avoid food associated tube preferences.
One tube always contained tap water and the other contained increasing concentration of
ethanol (3%, 6%, 10% v/v in tap water; 3E, 6E, 10E, respectively), 0.2% w/v saccharin (0.2S)
in tap water, and then increasing concentrations of ethanol (3E, 6E, 10E) plus 0.2% w/v
saccharin in water (3E+0.2S, 6E+0.2S, 10E+0.2S, respectively).

Mice had access to each novel solution for 4 days; with bottle positions alternated every other
day. Fresh fluids were provided each time the concentration was changed. Body weight was
recorded simultaneously with each solution change, and cages were changed every 8 days.
Each morning, daily fluid intake (to the nearest 0.2 ml) was recorded from both bottles by
measuring the level of the meniscus on the graduated drinking tube. Ethanol ± saccharin and
water tubes placed on two empty cages allowed for the measurement of leakage and evaporation
from the tubes. The average volume depleted from these “control” tubes was subtracted from
the individual drinking volumes each day.

Data Analysis
The primary dependent measure was dose consumed, expressed as g/kg per day (ethanol) or
mg/kg per day (saccharin). Other dependent measures were volume of ethanol, saccharin or
water consumed (mls), body weight, and preference ratio (calculated as the volume of ethanol,
ethanol+saccharin, or saccharin consumed divided by the total volume consumed). Drinking
data were analyzed with our standard laboratory procedure. In brief, the average of the 2nd and
4th day of each set of solution pairing conditions was used, as this allowed the mouse to stabilize
its consumption after a concentration and/or tube position change. Analysis of variance
(ANOVA) assessed strain, sex and concentration (repeated measure) effects on the dependent
variables. Pass was not used as a factor in the analyses because it was unequally represented
(i.e., separate strains were tested in each pass). Significant interactions were pursued with one-
way ANOVAs at each concentration and post-hoc tests. Results from the one-way ANOVA
also provided an estimate of genetic effect size (sum of squares between strains from the
ANOVA divided by sum of squares total). Correlational analyses were used to examine the
relationship between strain mean values for consumption of the various ethanol concentrations
in the presence and absence of 0.2% saccharin with other ethanol-related behaviors [database
maintained by the Portland Alcohol Research Center (PARC);
http://sunweb1.ohsu.edu/parc/index.htm] and non-ethanol-related behaviors [MPD
maintained by Jackson Laboratory; http://www.jax.org/phenome].

Data are presented as the mean ± SEM. The significance criterion was established at P ≤ 0.05.
Statistical analyses were conducted with the computer program SYSTAT (version 11,
SYSTAT Software, Inc., Richmond, CA).
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RESULTS
Ethanol Consumption

The ethanol dose consumed from the different ethanol solutions in the presence and absence
of saccharin for the 22 inbred mouse strains is depicted in Figure 1. Strains are ranked from
the highest to lowest ethanol dose consumed, based on consumption of 10E (Figure 1C).
Analysis of the ethanol solutions (3E, 6E, 10E) confirmed that there were significant strain
differences in the ethanol dose consumed [F(21,290) = 31.238, P < 0.001]. Estimates of genetic
effect size suggested that 47%, 60% and 49% of the variance in ethanol dose consumed from
the 3E, 6E and 10E solutions, respectively, could be explained by genotype. The main effect
of sex on ethanol dose [F(1,290) = 57.505, P < 0.001] suggested that consumption was
significantly higher in female than in male mice. Repeated measures ANOVA indicated that
consumption of the different ethanol solutions significantly influenced the ethanol dose
consumed [F(2,580) = 86.323, P < 0.001]. The interactions between sex and strain [F(21,290)
= 4.042, P < 0.001], sex and ethanol solution [F(2,580) = 8.322, P < 0.001], as well as among
sex, strain and solution [F(42,580) = 1.584, P < 0.02] suggested that the higher ethanol intake
in the female versus male mice was not consistent across all strains and ethanol solutions.

This conclusion was supported by the separate analyses of each ethanol solution. For each
solution, there were main effects of sex [Fs(1,291) ≥ 21.225, Ps < 0.001] and strain [Fs(21,291)
≥ 16.001, Ps < 0.001], with significant interactions between main effects [Fs(21,291) ≥ 2.302,
Ps ≤ 0.001]. Subsequent analyses confirmed that the number of strains in which the ethanol
dose consumed was significantly higher in female than in male mice varied for the different
solutions: consumption of the 3E solution was significantly higher in females in 5 strains
(CZECH, MA, NOD, PERA and SM); consumption of the 6E solution was significantly higher
in female mice from 6 strains (B6, CZECH, NOD, PERA, RIIIS and SM), with a trend for an
increase in female mice from 2 strains (MA and NZB); whereas consumption of the 10E
solution was significantly higher in female mice from 3 strains (NZB, PERA and SM), with a
trend for an increase in female B6 mice.

The addition of saccharin to the ethanol solutions changed the strain distribution pattern for
ethanol dose consumed, as clearly illustrated in Figure 1. Saccharin produced a dramatic
increase in consumption of some (e.g., BALB, PERA, I/Ln) but not all (e.g., D2, BUB, LP)
inbred strains that initially exhibited low ethanol consumption in the absence of saccharin. But
0.2S also increased intake in strains with high ethanol intake in the absence of sweetener. The
ethanol dose consumed was significantly influenced by strain [F(21,282) = 35.912, P < 0.001]
and the concentration of the sweetened solution [F(2,564) = 205.569, P < 0.001]. Estimates of
genetic effect size suggested that 58%, 64% and 58% of the variance in ethanol dose consumed
from the 3E+0.2S, 6E+0.2S and 10E+0.2S solutions, respectively, could be explained by
genotype. Consumption of the sweetened ethanol solutions was significantly higher in female
than in male mice [F(1,282) = 90.663, P < 0.001], and there was a significant interaction
between sex and strain [F(21,282) = 2.920, P < 0.001] as well as between sex and solution [F
(2,564) = 10.048, P < 0.001]. However, the 3-way interaction was not significant.

Ethanol Preference
Preference ratios for all solutions tested in the 22 inbred strains are depicted in Table 1. Strains
are ranked from the highest to lowest preference ratio, based on preference for 10E. Estimates
of genetic effect size suggested that 44%, 60% and 45% of the variance in preference for the
3E, 6E and 10E solutions, respectively, could be explained by genotype, similar to estimates
for the ethanol dose consumed (see above). As with ethanol dose, the ethanol preference ratio
was significantly influenced by strain [F(21,291) = 26.973, P < 0.001], sex [F(1,291) = 25.134,
P < 0.001], and concentration of the ethanol solution [F(2,582) = 32.10, P < 0.001]. While the
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interactions between sex and strain [F(21,291) = 2.573, P < 0.001], sex and solution [F(2,582)
= 3.416, P < 0.05] and strain and solution [F(42,582) = 4.882, P < 0.001] were significant, the
3-way interaction was not significant.

Preference ratio for the ethanol + saccharin solutions also was significantly influenced by strain
[F(21,281) = 33.891, P < 0.001], sex [F(1,281) = 15.578, P < 0.001], and concentration of the
sweetened ethanol solution [F(2,562) = 111.841, P < 0.001]. There was a significant interaction
between strain and sex [F(21,281) = 2.899, P < 0.001] as well as between strain and solution
[F(42,562) = 4.50, P < 0.001]. However, the 3-way interaction was not significant. Estimates
of genetic effect size suggested that 63%, 61% and 61% of the variance in ethanol preference
for the 3E+0.2S, 6E+0.2S and 10E+0.2S solutions, respectively, could be explained by
genotype, again similar to estimates for the consumption of the sweetened ethanol solutions.

Saccharin Consumption and Preference
Strains differed significantly in consumption of saccharin [F(21,292) = 18.752, P < 0.001], as
depicted in Figure 2. The dose of saccharin consumed also was significantly higher in female
than in male mice [F(1,292) = 59.625, P < 0.001]. However, there was only a trend for an
interaction between sex and strain on saccharin consumption [F(21,292) = 1.446, P < 0.10].
Estimates of genetic effect size suggested that 51% of the variance in saccharin dose consumed
could be explained by genotype.

Saccharin preference ratio was significantly influenced by strain [F(21,288) = 6.404, P < 0.001]
and is depicted in Table 1. About 31% of the variance in saccharin preference could be
explained by genotype. There was no sex difference in saccharin preference, nor was the
interaction between sex and strain significant.

Genetic Correlations
Correlational analyses (see Table 2) of the ethanol and saccharin consumption data found
highly significant positive correlations between consumption of the three unsweetened ethanol
solutions (rs = 0.83 – 0.95, Ps < 0.001, n = 22) and consumption of the three sweetened ethanol
solutions (rs = 0.84 – 0.95, Ps < 0.001, n = 22). Strong positive correlations also were found
between consumption of saccharin and sweetened ethanol solutions (rs = 0.62 – 0.81, Ps <
0.01, n = 22), but the correlations between consumption of saccharin and unsweetened ethanol
solutions were lower (rs = 0.37 – 0.45, Ps < 0.10, n = 22).

Correlations also were calculated between the current data and consumption/preference
measures reported from previous work in which common strains were evaluated. Consumption
of 10E was significantly correlated between the present study and previous work by Belknap
et al. (1993; r = 0.91, P < 0.05, n = 5), as was consumption of 10E+0.2S (r = 0.91, P < 0.05, n
= 5), though there were few strains in common between the studies. Consumption of 10E in
the present study also was significantly correlated with 10E intake in a recent study by
Bachmanov (r = 0.88, P < 0.001, n = 14; see supplemental data in Wahlsten et al., 2006).
Additional correlations between the present findings and those of Belknap et al. (1993) found
that consumption of 10E was significantly positively correlated with consumption of 0.2S and
3E+0.2S (rs = 0.91–0.93, Ps < 0.05, n = 5). Similarly, 10E preference in the present study was
highly correlated with 10E preference in early work (Rodgers, 1966; r = 0.98, P < 0.05, n = 5)
as well as with the study by Bachmanov (r = 0.79, P < 0.001, n = 14).

With regard to other ethanol-related behaviors in the PARC database, we examined the intake
of 10E (the most commonly used concentration across studies in the literature) and 10E+0.2S
to see if intake was correlated. In all, we examined 14 other variables related to ethanol
intoxication, ataxia, acute functional tolerance, anxiety, and withdrawal severity in this
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database, and only 4 correlations approached significance (data available upon request). Intake
of 10E was positively correlated with intake of 20E in a single bottle “drinking in the dark”
procedure (Rhodes et al., 2007) in both male (r = 0.80, P < 0.05, n = 8) and female (r = 0.81,
P < 0.05, n = 8) mice. Consistent with multiple, previously reported genetic data sets (Metten
et al., 1998), the dose of unsweetened and sweetened 10E was negatively correlated with
chronic ethanol withdrawal severity, measured by the area under the withdrawal curve for
handling-induced convulsions following 72 hr of continuous ethanol vapor inhalation (Metten
and Crabbe, 2005). However, this correlation was not significant, possibly due to the low
number of strains in common (r = −0.65 and −0.70, P ≤ 0.16 and 0.12, respectively, n = 6).
Intake of sweetened 10E tended to be negatively correlated with one index of ethanol-induced
ataxia, impairment of performance on the fixed speed rotarod (3 rpm) at 30 min after injection
of a 1.75-g/kg ethanol dose (r = −0.74, P < 0.06, n = 7). It should be noted that there were
usually only 7 strains in common, limiting the power of such correlational analyses to a large
extent. Also, we made no correction for multiple comparisons, as our goal in these analyses
was exploratory.

Correlations between the present data and non-ethanol-related variables in MPD yielded some
interesting findings (Table 3). Here we explored all MPD variables (nearly 600) versus our 7
consumption measures for which there were at least 8 strains in common (potential for about
4000 correlations). The significance values reported are not corrected for multiple
comparisons, as these analyses were frankly exploratory. Consumption of unsweetened ethanol
solutions was positively correlated with preference for potassium chloride (rs = 0.65 – 0.98,
Ps < 0.05, n = 13) and sodium chloride (r = 0.67, P < 0.05, n = 13) solutions, whereas
consumption of sweetened ethanol solutions were negatively correlated with preference for
calcium chloride solutions (rs = −0.66 – −0.73, P < 0.01, n = 13). With regard to the various
activity measures depicted in Table 3, consumption of the sweetened and unsweetened ethanol
solutions was positively correlated with the activity phenotypes (e.g., ambulatory activity, total
activity, rearing; see Table 3 for details). Likewise, distance traveled in an open field over a 5
min test was positively correlated with consumption of unsweetened (rs = 0.67 – 0.68, Ps <
0.05, n = 12) and sweetened (rs = 0.75 – 0.79, P < 0.01, n = 12) ethanol solutions, with similar
correlations when the distance traveled was separated into 1 min bins (data not shown). In
contrast, the number of fecal boli during the 5 min open field test, which is often taken as an
index of anxiety, was negatively correlated with consumption of sweetened and unsweetened
ethanol solutions (rs = −0.63 – −0.66, P < 0.05, n = 12). Finally, consumption of sweetened
and unsweetened ethanol solutions in our study was negatively correlated with bone mineral
density (rs = −0.63 – −0.68, P < 0.01, n = 20) in female mice and positively correlated with
aortic lesion size (rs = 0.68 – 0.83, P < 0.01, n = 19) in male mice fed an atherogenic diet for
8 weeks.

DISCUSSION
The present findings add to the database of genetic information on strain differences in ethanol
preference and intake (e.g., Rodgers et al., 1966; Belknap et al. 1993). It should be noted that
the design we employed offered relatively short (4 day) periods of access to each solution,
since recent findings indicated that two-bottle preference tests (range of 1 – 6 days) were most
sensitive to detect strain differences when they lasted 4 days (Tordoff and Bachmanov,
2002). Additionally, we adopted this approach in order to compare the results with previous
work more directly. However, we cannot exclude a potential role for temporal changes in
preference in our results. That is, some strains may simply show patterns of increasing or
decreasing preference for ethanol over many days, and the results might have been different
for any particular concentration offered if we had tested for more days or without the prior
history of solutions preceding it as in our design. With this in mind, ethanol consumption was
significantly and positively correlated with previous work (e.g., Belknap et al., 1993), as was
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ethanol preference ratio (e.g., Rodgers, 1966). These robust correlations among studies
conducted over a span of 40 years provide evidence for the stability of the ethanol preference
drinking phenotype (discussed in more detail in Wahlsten et al., 2006).

Estimates of genetic effect size for ethanol consumption and preference were comparable,
suggesting that the continuous access, two-bottle choice procedure provides similar
information regarding the contribution of genetic factors to measures of consumption and
preference. It is notable that the present findings suggest that 44–60% of the variance in
consumption/preference of unsweetened ethanol solutions and 58–64% of the variance in
consumption/preference of sweetened ethanol solutions could be explained by genotype. These
estimates are comparable to those in Belknap et al. (1993) and provide strong support for the
conclusion that all of the consumption/preference measures were highly and significantly
genetically determined.

The finding that alcohol consumption/preference measures share substantial common genetic
influence suggests that identifying specific genes influencing any one of these traits (through
QTL mapping or gene expression profiling, for example) is likely to be informative for the
other traits. The utility of this strategy is provided by recent work that employed a meta-analysis
of microarray data from different genetic models of high and low alcohol consumption in their
analysis of alcohol preference (Mulligan et al., 2006). This analysis identified genes covering
a range of cellular pathways, such as cellular homeostasis and neuronal function, as well as
genes with uncharacterized functions. It is not surprising that genes related to neuronal
adaptation and homeostasis would be important for alcohol-related responses following
varying levels of consumption.

Strains ranked highest in terms of 10E dose consumed were the three C57/58 family strains
(B6, C58 and C57BLKS). At the opposite end of the spectrum, the D2 (Little’s DBA + lineage),
BUB (Swiss lineage) and BTBR strains consumed the lowest doses of ethanol. The BTBR
strain derives from Castle’s strains, most of whose members are the various substrains of 129
strain mice that serve as the embryonic stem cell donor strains for most null mutant and
transgenic over-expression lines. One consideration is that the current design, like previous
experiments, does not allow us to identify the nature of the motivation of each strain to consume
particular ethanol concentrations. One high-preferring strain may be seeking the taste of
ethanol, while another seeks its pharmacological effect. Clearly, relative preference for
saccharin also can influence the strain-specific responses to saccharin adulteration of ethanol
solutions.

The addition of saccharin to the ethanol solutions increased ethanol intake in most genotypes,
but it also changed the strain distribution pattern of ethanol intake. In general, strains that
exhibited < 80% preference for 0.2S did not significantly increase their intake of the sweetened
versus unsweetened ethanol solutions. The exceptions were the FVB and I/Ln strains, which
significantly increased their intake of sweetened versus unsweetened ethanol solutions while
preference for 0.2S was 78% and 71%, respectively. Interestingly, the addition of saccharin to
the ethanol solutions increased the ethanol dose consumed in the SM, PERA, FVB and BALB
strains to levels comparable to that in the C57/58 family strains. Based on the range in overall
saccharin consumption (see Figure 2 for strain distribution) as well as preference for 0.2S in
these strains (from 90% in SM to 78% in FVB; Table 1), it is difficult to determine whether
the increased intake of sweetened ethanol solutions was due to the strong relative avidity for
saccharin (so that the strains would tolerate ethanol’s aversive effects more than other strains)
or the reduced taste of ethanol when given in saccharin.

Another pattern of consumption was observed in strains with low consumption of unsweetened
and sweetened ethanol (LP, A, BUB, BTBR and D2), which could be due to a combination of
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factors (discussed in Belknap et al., 1993). Early work has documented that D2 mice were
more sensitive to the aversive taste or odor of ethanol, when compared to B6 mice (Belknap
et al., 1978), but the specific role of odor or taste in determining strain-specific alcohol intake
has not been thoroughly tested across multiple strains. Saccharin consumption in these five
strains fell in the mid to low end of the strain distribution pattern (Figure 2), while preference
for 0.2S ranged from 78% (D2) to 55% (BTBR). Even though saccharin should have changed
the taste of alcohol, the addition of saccharin did not produce a marked increase in ethanol
consumption, suggesting that these five strains may have been reacting primarily to the odor
of ethanol in maintaining their relative avoidance of the ethanol solutions. It also is possible
that a higher concentration of saccharin might have masked the taste of the ethanol solutions
more effectively in these strains. However, recent findings indicate that mice with a null
mutation in one of three genes that are important for taste transduction (Gnat3, Tas1r3, or
Trpm5) exhibited reduced consumption of and preference for alcohol (6 – 12%) and saccharin
(0.033 – 0.066%) solutions (Blednov et al., 2007). Since polymorphisms in the Tas1r3 gene
(believed to be identical to the mouse Sac locus, important for saccharin preference) were
strongly associated with saccharin preference in a panel of 30 inbred strains (Reed et al.,
2004), it is possible that polymorphisms in genes important for taste transduction contribute
to the low alcohol consumption in select inbred strains. It should be noted that some strains
may respond to adulteration of ethanol solutions with other compounds by increasing intake,
as D2 mice have been shown to increase their intake of and two-bottle preference for ethanol
when it was added to non-alcoholic beer (Grisel et al., 2007). Finally, a recent study has shown
that in rats, sucrose-responsive neurons in the nucleus of the solitary tract showed a much
larger, concentration-dependent response to an oral ethanol stimulus than sucrose-
unresponsive cells (Lemon et al., 2004). This suggests a possible physiological basis for
differential modulation of ethanol’s tase-related cue properties in saccharin preferring versus
non-preferring genotypes.

Although B6 exhibited the highest consumption and preference for all ethanol solutions
examined, recent work determined that preference for 10 – 30% ethanol solutions was
significantly increased over that of B6 in an F1 hybrid cross of B6 and FVB mice (Blednov et
al., 2005). This finding appeared to be selective for 2-bottle preference procedures, as the B6
and F1 hybrids did not differ in ethanol consumption with the “drinking in the dark” procedure,
where mice had 2 hr of access to a single ethanol bottle containing a 20% ethanol solution
(Crabbe and Rhodes, unpublished). Nonetheless, additional 2-bottle preference studies
determined that consumption of ethanol solutions (12 – 36%) also was significantly increased
in F1 hybrid crosses of the FVB or SJL strains with B6 (Blednov, unpublished). These findings
suggest that other F1 crosses with B6 may show overdominance with regard to consumption
of ethanol in a 2-bottle choice procedure and suggest that a single gene does not control
preference drinking.

With the exception of saccharin alone, consumption of the sweetened and unsweetened ethanol
solutions was significantly influenced by sex. In general, ethanol intake was higher in female
than in male mice, but not in all genotypes. An examination of sex differences across all three
unsweetened ethanol solutions determined that there was a consistent and significant increase
in ethanol intake in female mice from the PERA and SM strains. There was a significant sex
difference in the consumption of the 3E and 6E solutions in the CZECH strain. Female B6
mice had significantly greater intake of 6E, with a trend for an increase in 10E, when compared
to their male counterparts. Nonetheless, these findings are consistent with clinical and
preclinical studies documenting the existence of sex differences in sensitivity to a number of
alcohol-related behaviors associated with neuroadaptation and reinforcement (e.g., Devaud et
al., 2003; Finn et al., 2004a, 2004b; Green et al., 1999; Hashimoto and Wiren, 2007; Lancaster,
1995; Middaugh and Kelly, 1999; Middaugh et al., 1999; Rhodes et al., 2007; Vivian et al.,
2001; Wiren et al. 2006).
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Genetic correlations, or the degree to which two phenotypes show common genetic influence,
were conducted. In addition to the high positive correlations between preference and
consumption in the present and earlier 2-bottle choice studies, continuous access 10E
preference drinking was significantly, positively correlated with consumption of 20E over a 4
hr period in a single bottle test (Rhodes et al., 2007). This finding suggests that genetic
differences in propensity to consume alcohol may be comparable across various ethanol
concentrations, access periods and choice conditions. Consistent with a recent meta-analysis
that reported a genetic relationship between high ethanol withdrawal and low ethanol
consumption (Metten et al., 1998), ethanol intake in the current study tended to be negatively
correlated with chronic ethanol withdrawal severity (Metten and Crabbe, 2005). Ethanol intake
also was negatively correlated with impaired performance on the rotarod following injection
of an ataxic dose of ethanol. This finding may be specific to the rotarod, as strain correlational
studies have shown that different assays of ethanol intoxication tend to be influenced by
different genes (Crabbe et al., 2005). It is of interest, however, as a substantial human literature
has found a genetic relationship between low sensitivity to alcohol and eventual diagnosis of
alcohol dependence in offspring with a positive family history (Schuckit, 1994; Schuckit et al.,
2004).

Correlations between ethanol consumption and MPD variables also suggest the pleiotropic
effect of genes related to preference for other solutions (sodium chloride, potassium chloride,
calcium chloride), activity level and anxiety, as well as bone mineral density. Since the MPD
variables reflect data in alcohol naive strains, the genetic relationship between alcohol
consumption and measures of activity and anxiety may reflect the strain differences in
locomotor activity and anxiety that exist (e.g., Finn et al., 2003; Trullas and Skolnick, 1993;
Wahlsten et al., 2003). With regard to bone mineral density, limited evidence suggests that
there is no consistent relationship between high bone mass or strength with selection for high
alcohol consumption and/or preference in rat lines (Alam et al., 2005), whereas data from
animal models of chronic or excessive alcohol intake suggest that chronic exposure to high
alcohol doses can inhibit bone formation (e.g., Wahl et al., 2006). All these correlational
analyses must be viewed with the caveat that the significance values reported are uncorrected
for multiple comparisons. Nonetheless, these correlations provide some suggestions for future
examinations of genetic relationships between alcohol consumption/preference and other
phenotypes.

In conclusion, the present findings add new strains to the existing strain mean database on
genetic differences in consumption of, and preference for, sweetened and unsweetened ethanol
solutions as well as saccharin. Although there was no strain identified that consumed higher
doses of ethanol than the B6, estimates of genetic effect size indicated that up to 60% or 64%
of the variance in consumption/preference of unsweetened or sweetened ethanol solutions,
respectively, could be explained by genotype. The fact that the measures of ethanol preference
and consumption were highly and significantly correlated genetically indicates that the growing
strain mean databases will be an important resource for future studies aimed at the identification
of genes important for high (or low) alcohol consumption.
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FIGURE 1. Voluntary intake of a (A) 3% ethanol, (B) 6% ethanol, or (C) 10% ethanol solution in
the presence or absence of 0.2% saccharin in mice from 22 inbred strains
Values represent the mean ± SEM ethanol intake (g/kg/day) for 15–16 mice/strain, except for
CZECH and BUB (n = 10) or PERA (n = 14). Strains are rank ordered for consumption of
10% ethanol (Figure 1C).
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FIGURE 2. Voluntary intake of 0.2% saccharin in mice from 22 inbred strains
Strains are rank ordered from highest to lowest consumption of saccharin. Values represent
the mean ± SEM saccharin intake (mg/kg/day) for the mice depicted in Figure 1.
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