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Abstract
Alcohol and nicotine are often co-used and data from human and animals studies have
demonstrated that common genes underlie responses to these two drugs. Recently, the genes that
code for the subunits of the nicotinic acetylcholine receptors have been implicated as a common
genetic mediator for alcohol and nicotine responses. The mammalian genes that code for the α6
and β3 subunits of the nicotinic acetylcholine receptor (Chrna6 and Chrnb3, respectively) are
located adjacent to each other on human and mouse chromosome 8. These subunits have gained
attention as potential regulators of drug behaviors because of their expression in the striatum
where they have been shown to modulate dopamine release. Human genetic studies have shown
that variation in these genes is associated with alcohol phenotypes. In the current experiments,
mice lacking the Chrna6 or Chrnb3 gene were tested for three ethanol behaviors: choice ethanol
consumption, ataxia, and sedation. Wildtype (WT), heterozygous (HET), and knockout (KO) mice
of each strain went through a standard 2-bottle choice drinking paradigm, the balance beam, and
the Loss of Righting Reflex (LORR) paradigm. No genotypic effects on any of the 3 behavioral
tasks were observed in Chrnb3 animals. While the Chrna6 gene did not significantly influence
ethanol consumption (g/kg) or ataxia, mice lacking the α6 subunit took significantly longer to
recover their righting reflex than WT animals. These data provide evidence that receptors
containing this subunit modulate the sedative effects of ethanol. Further work examining other
models of ethanol consumption and behavioral responses to ethanol is needed to fully characterize
the role of these receptor subunits in modulating ethanol responses.
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Introduction
Alcohol and nicotine are widely used and frequently co-abused substances. Alcoholics are
more likely to be dependent on nicotine, and tobacco dependence is correlated with
increased severity of alcohol dependence (Daeppen et al., 2000; Falk et al., 2006; John et al.,
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2003; Marks et al., 1997). In addition, several behavioral genetics studies have provided
strong evidence that shared genes contribute to this co-morbidity (Kendler et al., 2007;
Madden and Heath, 2002; Swan et al., 1997; True et al., 1999). It is widely accepted that
nicotine exerts its pharmacological effects through activation of nicotinic acetylcholine
receptors and several studies have provided evidence these receptors may also be targets for
alcohol (Bhutada et al., 2010a; Bhutada et al., 2010b; Blomqvist et al., 1996; Blomqvist et
al., 1992; Ericson et al., 2000; Larsson et al., 2002; Le et al., 2000.

Nicotinic acetylcholine receptors are ligand gated ion channels formed of five subunits
centered around a membrane spanning pore. In the central nervous system there are 2
varieties of these receptors: homomeric and hetermeric. The primary homomeric receptor is
the α7 receptor. Heteromeric receptors are comprised of a combination of α and β subunits.
Acetylcholine receptors are located on both pre- and post-synaptic terminals and when
depolarized allow the influx of Na+ or Ca2+ ion (Arias et al., 2006; Jensen et al., 2005;
McGehee, 1999; Romanelli and Gualtieri, 2003).

The α6 and β3 subunits of the nicotinic acetylcholine receptors have relatively limited
expression in the brain, but they are both expressed in the ventral tegmental area and
substantia nigra (Grady et al., 2007). Recently, the α6 and β3 nicotinic acetylcholine
receptors subunits have been found to have elevated mRNA expression in the ventral
tegmental area following an acute injection of ethanol (Hendrickson et al., 2010), suggesting
that acetylcholine receptors containing these subunits may modulate the response to ethanol.
Receptors containing the α6 and β3 subunits have also been implicated in dopamine release.
In particular, five combinations of nicotinic acetylcholine receptors have been localized to
mouse dopaminergic terminals in the striatum. Of these, three contain either the α6, β3 or
both receptor subunits (α4α6β2β3, α6β2β3, α6β2) and have been shown to influence
agonist stimulated dopamine release when measured with a synaptosome preparation (Grady
et al., 2007). Moreover, blockade of these receptors have been shown to modulate elevations
in dopamine levels observed in the nucleus accumbens following systemic administration of
alcohol (Larsson et al., 2004). Thus these subunits form functional receptors in a prime
location to alter the behavioral effects of drugs (including ethanol).

Due to the expression of these receptor subunits in the mesolimbic dopamine system, human
genetic studies have focused on genes that encode the α6 (CHRNA6) and β3 (CHRNB3)
subunits. The genes encoding these subunits are located contiguous to each other on human
and mouse chromosome 8. Accumulating evidence from human genetics studies has
provided strong support that variation in these receptor subunits influences nicotine
behaviors (Ehringer et al., 2010; Greenbaum et al., 2006; Hoft et al., 2009b; Saccone et al.,
2007; Thorgeirsson et al., 2010; Zeiger et al., 2008). This includes a meta-analysis of over
31,000 individuals in which data for number of cigarettes smoked per day was assessed. In
this meta-analysis, rs6474412, a SNP located 5′ to the start of CHRNB3, was one of the top
3 variants associated with this phenotype (Thorgeirsson et al., 2010). Given that genetic
correlations have been observed among alcohol and nicotine behaviors in both human and
animal models (Bergstrom et al., 2003; de Fiebre et al., 1990; de Fiebre et al., 1987; de
Fiebre et al., 1991; de Fiebre et al., 2002; Swan et al., 1997; True et al., 1999; Tsuang et al.,
2001), the genes encoding the α6 and β3 subunits have also been examined for associations
with alcohol behaviors. In a recent study, three SNPs in CHRNA6 and one SNP in CHRNB3
were associated with alcohol consumption in a nationally representative sample (Hoft et al.,
2009a). Furthermore, a CHRNA6 haplotype has been associated with heavy alcohol use in
an independent sample (Landgren et al., 2009). These data provide evidence that genes that
code for the α6 and β3 nicotinic acetylcholine receptors subunits may modulate alcohol
behaviors.
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To date, relatively little is known regarding the involvement of the α6 or β3 subunit in
modulating ethanol behaviors in animal models. To our knowledge only one study has
examined the expression of the Chrna6 gene (but not Chrnb3 gene) in lines of mice that
were selectively bred for high (FAST) and low (SLOW) ethanol-induced locomotor
stimulation (Crabbe et al., 1999; Phillips et al., 1991; Phillips et al., 2002; Shen et al., 1995).
The FAST and SLOW mice have been bred for this phenotype for over 35 generations, and
these animals display a markedly different response to ethanol within the first 5 minutes
after administration, thus naïve mice were examined. Mice that show minimal locomotor
stimulation (SLOW) following an acute injection of ethanol had greater expression of
Chrna6 mRNA compared to mice that exhibited a robust stimulant response (FAST;
Kamens and Phillips, 2008). Together with the aforementioned data that an acute injection
of ethanol has been shown to increase expression of the Chrna6 and Chrnb3 genes in
activated ventral tegmental neurons (Hendrickson et al., 2010), these data provide evidence
that these receptor subunits may be important for modulating ethanol responses.

To determine more fully the role of Chrna6 and Chrnb3 in ethanol behaviors we tested mice
lacking these receptor subunits for a range of ethanol behaviors. Mice were tested for
voluntary ethanol consumption using a standard two-bottle choice paradigm, ethanol-
induced ataxia using the balance beam, and ethanol-induced sedation using the Loss of
Righting Reflex (LORR) paradigm. Finally, mice were tested for ethanol metabolism to rule
out this as a confounding factor to any behavioral differences observed. We hypothesized
that mice lacking the Chrna6 and Chrnb3 gene would display altered responses to ethanol
because of their prominent location on dopaminergic nerve terminals.

Materials and Methods
Animals

All mice tested in these experiments were produced by breeder pairs at the Institute for
Behavioral Genetics animal facility. Mice deficient in either Chrna6 (Champtiaux et al.,
2002) or Chrnb3 (Cui et al., 2003) were previously produced using homologous
recombination technology. Briefly, Chrna6 were developed by the deletion of exons 1 and 2
of the Chrna6 gene in embryonic cells from the 129Sv/Pas strain of mice and bred onto a
CD-1 background (Champtiaux et al., 2002). Null mutant Chrnb3 mice were created by the
interruption of exon 5 of the Chrnb3 gene in 129Svj embryonic stem cells and were injected
into a C57BL/J blastocysts (Cui et al., 2003). Null mutant mice used in these experiments
had been backcrossed to the C57BL/6 strain for at least 10 generations prior to testing. Male
and female wild-type (WT), heterozygous (HET), and knockout (KO) animals were
produced by HET breeder pairs to allow for the testing of littermates in this study. Mice
were housed 2-4 per cage in standard mouse cages with ad libitum water and rodent chow.
The lighting in the animal colony was maintained on a 12-hour light/dark cycle with lights
on at 0700 hours. All testing was approved by the University of Colorado's Institutional
Animal Care and Use Committee.

Drugs
Ethyl alcohol (200 proof; Pharmco, Brookfield, CT, USA) was the ethanol source for all
experiments. For drinking solutions, it was diluted in tap water to the appropriate
concentration while for injections it was diluted in physiological saline (0.9% NaCl; 20% v/
v). Injection volumes were adjusted for the individual body weight of the animal to achieve
the desired dose. All injections were given intraperitoneal.
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Two-bottle choice ethanol consumption
Ethanol consumption was measured in a standard 2-bottle free choice paradigm (Kamens et
al., 2010a; Kamens et al., 2006). Eighty-three naïve Chrna6 and 55 Chrnb3 mice were
tested. Mice were singly housed in a standard mouse cage and presented with two 25-ml
graduated cylinders fitted with drinking spouts. Mice were initially given 2 water bottles to
allow time to habituate (2 days) to the test environment. On Day 1 of the experiment, a tube
containing 3% ethanol replaced one of the water tubes. Every 2 days the side of the cage the
ethanol was presented on was switched. Every 4th day the concentration of ethanol changed
(3, 7, 10 and 20%). Two empty cages located on the same rack as the test animals provided a
measure of evaporation/leakage which was used to correct individual drinking values. For
each ethanol concentration, the average consumption on days 2 and 4 was used for the
analysis because these data represent stable consumption (Phillips et al., 1994). For each
concentration three dependent variables were obtained: ethanol consumption (g/kg), ethanol
preference (ml of ethanol/total ml fluid) and total volume consumed (ml).

Balance Beam
To test for effects on ethanol-induced ataxia we used the balance beam, based on a
published procedure (Crabbe et al., 2003; Kamens et al., 2010b; Linsenbardt et al., 2009).
Briefly, 51 naïve Chrna6 and 57 naive Chrnb3 mice were used. The balance beam consisted
of a white, 104.1 cm long by 1.9 cm wide, PVC board. It was elevated 54.6 cm above the
floor by supports located on each end of the beam. Mice were trained to run the length of the
beam prior to testing. To complete the training, each mouse had to traverse the beam twice,
which all mice did easily. The mouse was then made to cross the beam a third time and the
number of foot slips the mouse made was counted as the baseline ataxia measurement. At
least 1 hr later each animal was given an injection of ethanol (1.5 g/kg, a dose based on prior
literature (Kamens et al., 2010b; Linsenbardt et al., 2009)) and was placed into a holding
cage. Ten min after the ethanol injection, the mouse was placed back on the balance beam
and the number of hind foot missteps was counted by an experimenter unaware of the
animal's genotype. During the training and test sessions, if an animal stopped crossing the
balance beam, its tail was gently pressed to encourage movement. On the occasion that an
animal fell from the balance beam, it was replaced on the beam at the location from which it
fell and allowed to finish crossing the beam (Crabbe et al., 2003).

LORR
The sedative-hypnotic effects of ethanol were measured using LORR, based on standard
published methods (Crabbe et al., 2006; McClearn and Kitahama, 1981). Sixty
experimentally naïve Chrna6 and 51 Chrnb3 mice were tested. Each mouse was challenged
with ethanol (4.1 g/kg), and placed into a holding cage until it appeared intoxicated. It was
then placed on its back in a plexiglass V-shaped trough. If the mouse remained on its back
for at least 30 seconds it was determined to have lost its righting reflex. Nine (three Chrna6
and six Chrnb3) mice did not reach this criteria within 3 minutes and these animals were
excluded from further testing because they likely received a misplaced injection (Ponomarev
and Crabbe, 2002). Mice were observed until they righted themselves, defined as turning
over onto all four paws. The mouse was returned to its back and a mouse was deemed to
have regained its righting reflex when it was able to right itself 3 times in 1 minute. Once the
animal was deemed to have regained its righting reflex, a 10-μl blood sample was taken
from the retro-orbital sinus for measurement of blood ethanol concentrations (BEC) using a
modified enzymatic assay (Ehringer et al., 2009; Smolen et al., 1986).
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Ethanol Metabolism
To determine if either the Chrna6 or Chrnb3 gene influenced ethanol metabolism, a standard
ethanol metabolism protocol was used (Ehringer et al., 2009). Forty-eight Chrna6 and 54
Chrnb3 mice were tested. Briefly, mice were given a single challenge injection of 3 g/kg
ethanol and placed into individual holding cages. At 10, 30, 60, 120 and 180 min after the
injection a 10-μl blood sample was taken from the retro-orbital sinus. BEC were measured
as described previously (Ehringer et al., 2009; Smolen et al., 1986).

Statistical Analysis
Primary dependent variables examined were ethanol consumption, ethanol preference, total
volume consumed, footslips, duration of LORR, and BEC. Data from the ethanol
consumption and metabolism studies were analyzed using repeated measures analysis of
variance (ANOVA). Data from the balance beam and LORR studies were analyzed with a
factorial ANOVA. Significant interactions were subsequently analyzed with ANOVA that
included fewer factors and Tukey's HSD for post hoc comparisons. Sex, genotype, ethanol
concentration and time were possible independent factors. α < 0.05 was considered
significant.

Results
Ethanol Consumption

Preference ratios were as high as 80%, reflective of the high-drinking C57BL/J background
strain for each knock-out. No differences in ethanol consumption were observed in either
Chrna6 or Chrnb3 mice (Fig 1 and 2). When Chrna6 mice were analyzed for their choice
ethanol consumption there was a significant main effect of sex and a significant sex X
concentration interaction, thus males and females were analyzed independently. A
significant main effect of concentration (F3,120 =72.1, p<0.001) on ethanol consumption was
detected when female Chrna6 mice were examined, but no other significant main effects or
interactions were observed. Mice drank significantly more ethanol when increasing
concentrations of ethanol were available (all p-values < 0.01; Fig 1a). Preference for the
ethanol containing solution also increased as the concentration of ethanol increased as
evident by a significant main effect of concentration (F3, 120=59.5, p<0.001), but no other
factors significantly altered ethanol preference. Ethanol preference followed an inverted U-
shaped pattern. Preference increased between 3 and 7% ethanol, leveled off between 7 and
10% ethanol, and decreased at 20% ethanol (Fig 1c). There was a significant difference in
ethanol preference between all concentrations of ethanol (all p-values < 0.001) except
between 7 and 10% ethanol. When the total fluid consumed among female Chrna6 animals
was examined there were no significant main effects or interactions (Fig 1e).

When male Chrna6 mice were examined for g/kg ethanol consumption, similar to female
Chrna6 mice, there was a significant main effect of concentration (F3, 111=34.4, p<0.001),
but no other significant main effects or interactions. Ethanol consumption increased with
increasing concentrations of ethanol up to 10% ethanol, but leveled off at 20% ethanol (Fig
1b). Pairwise, there were differences in ethanol consumption between all concentrations of
ethanol (all p-values < 0.05) except 10 and 20% ethanol. When preference was examined,
there was a significant main effect of concentration (F3, 111=49.2, p<0.001), but no other
significant main effects or interactions. Preference for ethanol increased between 3 and 7%
ethanol (p<0.01), leveled off between 7 and 10% ethanol, then decreased at 20% ethanol
(p<0.01; Fig 1d). Similar to ethanol consumption and preference, there was a main effect of
concentration on total fluid consumption (F3, 111=5.2, p<0.01). Although the difference was
small, male Chrna6 mice drank significantly more fluid when 10% ethanol was available
compared to when 3 or 7% ethanol was available (all p-values <0.05; Fig 1f).
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Similar to results with Chrna6 mice, when data from Chrnb3 mice were examined, there
were no genotypic effects on ethanol consumption (Fig 2). Data were initially analyzed with
a 3-way ANOVA with sex, genotype and concentration as factors. Due to a significant main
effect of sex (F1, 49=48.2, p<0.001) and sex X concentration interaction (F3, 147=5.6,
p<0.01) on ethanol consumption, data were further analyzed within each sex independently.
When female Chrnb3 mice were analyzed for their ethanol consumption, there was a
significant main effect of concentration (F3, 75=28.8, p<0.001). Ethanol consumption was
significantly different between all concentrations of ethanol except between 7 and 20%
ethanol (all p-values < 0.01; Fig 2a). In general, ethanol consumption increased as the
concentration of ethanol increased up to 20% ethanol at which it started to decrease. When
female Chrnb3 mice were examined for ethanol preference, there was a significant main
effect of concentration (F3, 75=125.8, p<0.001) but no other significant effects. Preference
for ethanol exhibited an inverted U-shaped pattern. Preference increased between 3 and 7%
ethanol (p<0.01), was similar between 7 and 10%, and decreased at 20% ethanol (p<0.01;
Fig 2c). No significant effects were observed when total fluid consumption was analyzed
(Fig 2e).

Male Chrnb3 mice showed a similar pattern of results as female Chrnb3 mice. There was a
significant main effect of ethanol concentration on ethanol consumption (F3, 72=25.1,
p<0.001), ethanol preference (F3, 72=62.6, p<0.001), and total fluid consumption (F3, 72=5.3,
p<0.01), but no other significant effects were observed. Both ethanol consumption and
ethanol preference exhibited an inverted-U dose response function. For intake, ethanol
consumption increased with increasing concentrations of ethanol up to 10% ethanol then
decreased at 20% ethanol (Fig 2b). Pairwise, there were significant differences in ethanol
intake at all concentrations except between 7 and 20% ethanol (all p-values <0.05). A
similar pattern was observed for ethanol preference. There were significant differences in
ethanol preference between all concentrations of ethanol except between 7 and 10% ethanol
(all p-values <0.05; Fig 2d). There was a very small, but statistically significant, difference
in total fluid consumption between 10 and 20% ethanol concentrations. Total fluid
consumption was lower when 20% ethanol was available compared to when the 10%
ethanol concentration was available (Fig 2f).

Balance Beam
Neither the Chrna6 nor Chrnb3 gene influenced ethanol-induced ataxia as measured on the
balance beam (Fig 3). There were no statistically significant effects on baseline footslips
when either Chrna6 or Chrnb3 mice were tested (data not shown). Thus to simplify the data
we corrected ethanol footslips by the number of baseline footslips each animal made. This
difference score was subjected to a 2-way ANOVA with sex and genotype as independent
variables. There were no significant main effects or interactions when either the Chrna6 or
Chrnb3 strains were examined.

LORR
The Chrna6, but not Chrnb3, gene influenced the sedative-hypnotic effects of ethanol (Fig
4). LORR data were analyzed with a 2-way ANOVA with sex and genotype as independent
factors in the Chrna6 and Chrnb3 strains. When Chrna6 mice were examined there was a
significant main effect of genotype (F2, 51=3.6, p<0.05), but no other significant main effects
or interactions. Mice lacking the Chrna6 gene were unable to right themselves on average 10
minutes longer than WT animals. When mice regained their righting reflex there were no
significant differences in BEC (Chrna6 WT 361 ± 11, Chrna6 HET 346 ± 11, Chrna6 KO
331 ± 12). In contrast to the Chrna6 animals, there were no significant main effects or
interactions when the Chrnb3 mice were examined. Nor were there any significant
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differences in the BEC when the animals recovered (Chrnb3 WT 366 ± 7, Chrnb3 HET 368
± 7, Chrnb3 KO 349 ± 6).

Metabolism
Ethanol metabolism was not affected by either the Chrna6 or Chrnb3 genes (Fig 5). When
BEC was examined over a 3 hour period following an acute injection of 3 g/kg ethanol, in
both the Chrna6 and Chrnb3 strains, there was a significant main effect of time
(F4, 168=279.5, p<0.001, F4, 192=273.1, p<0.001, respectively), but no other significant main
effects or interactions. These data suggest that BEC decreases over time following an acute
injection of ethanol, but that the genotype of the animal does not influence the rate of
metabolism.

Discussion
We set out to determine if nicotinic acetylcholine receptors, particularly those containing a
α6 or β3 subunit, were involved in ethanol behaviors in mice. We examined 3 different
behavioral responses: 2-bottle choice ethanol consumption, ataxia as measured on the
balance beam, and the sedative-hypnotic effects of ethanol. The α6 subunit had a significant
effect on the sedative effects of ethanol. Mice that lacked the α6 subunit took significantly
longer to regain their righting reflex than did WT animals. This behavioral difference could
not be explained by a difference in ethanol metabolism between the genotypes. Although the
α6 subunit modulated the sedative effects of ethanol it did not alter any other behavior
measured. Similarly, the β3 subunit did not alter any behavioral response tested, nor did it
influence ethanol metabolism.

Our inability to detect a significant effect of the Chrna6 or Chrnb3 gene on ethanol
consumption suggests that nicotinic acetylcholine receptors containing these subunits may
not be involved in this effect of ethanol. Studies in rats and mice have implicated these
subunits in the neurochemical response to ethanol. For example, in mice α-contoxin-MII,
but not the α-contoxin-PIA-analogue, has been shown to attenuate the elevations in
dopamine observed in the nucleus accumbens following peripheral administration of ethanol
(Jerlhag et al., 2006; Larsson et al., 2004) implicating α3β2 or β3 containing receptors in
this response. Moreover in rats α-contoxin-MII has been shown to decrease ethanol intake
in a limited access paradigm (Larsson et al., 2004) as well as modulate the conditioned
reinforcing properties of ethanol-associated cues (Lof et al., 2007). Interestingly, in a limited
access ethanol consumption paradigm in adult male C57BL/6 mice α-contoxin-MII
decreased ethanol consumption compared to baseline conditions, but did not significantly
reduce consumption compared to the control group that received the vehicle injection
(Larsson et al., 2004). Thus, more work will be needed to fully examine this system. For
example, it is possible that these receptors modulate ethanol consumption in rats, but not in
mice.

Given that mecamylamine, a non-specific nicotinic acetylcholine receptor antagonist, has
been shown to alter ethanol consumption in rats and mice (Blomqvist et al., 1996; Ericson et
al., 2000; Farook et al., 2009; Hendrickson et al., 2009; Le et al., 2000), it is likely that
nicotinic receptors modulate this behavior in both species. However, the current study
suggests receptor subtypes containing subunits other than α6 and β3 are likely to be
involved in mediating effects of mecamylamine on ethanol consumption in mice. The α7
subunit has been shown to modulate ethanol intake in a 2-bottle choice paradigm similar to
the one used in the current study (Kamens et al., 2010a). Moreover, mice that overexpress
the α5, α3, and β4 subunits of the nicotinic acetylcholine receptor have reduced ethanol
consumption in a 24-hour ethanol preference paradigm similar to the one reported here
(Gallego et al., In press). This finding is consistent with work done in rats that showing that
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a partial agonist of α3β4 receptors reduces ethanol intake (Chatterjee et al., 2011). The α4
nicotinic acetylcholine receptor subunit has been implicated in alcohol drinking using the
Drinking in the Dark model (Hendrickson et al., 2010), although these results were obtained
after a saline injection and thus should be interpreted with caution. The acetylcholine
receptors that influence alcohol consumption in the Drinking in the Dark model may be
different than those in the 24-hour choice paradigm. The current data do not rule out the
possibility that acetylcholine receptors containing the α6 and β3 subunits may modulate
ethanol consumption when measured with the binge-like Drinking in the Dark model or
through intravenous self-administration. Similar to how there may be species differences,
there may be differences in acetylcholine receptors that modulate ethanol consumption in
different behavioral paradigms.

Female mice consumed more ethanol than male mice when both the α6 and β3 null mutant
mice were examined. Sex differences in ethanol consumption are widely reported in the
literature, with female mice consistently consuming more ethanol than male mice (e.g., Finn
et al., 2004; Kamens et al., 2010a). Important for the interpretation of the current findings,
sex did not interact with genotype in either study. Thus while female mice consume more
ethanol than male mice, the α6 and β3 nicotinic acetylcholine receptor subunits do not
modulate this response.

We were unable to detect a significant effect of either Chrna6 or Chrnb3 on ethanol-induced
ataxia when measured by the balance beam test. Nicotinic acetylcholine receptors have been
implicated in ethanol's ataxic effects in two recent studies. In the first, injection of an α4β2
selective agonist, RJR-2403, directly into the cerebellum decreased ethanol-induced ataxia
(Taslim et al., 2008). Furthermore, varenicline, an α4β2 partial agonist, increased ethanol-
induced ataxia measured both by the balance beam and dowel test (Kamens et al., 2010b).
These data support the role of α4β2 nicotinic acetylcholine receptors in this effect of
ethanol, and when combined with the current data do not support a role of nicotinic
receptors containing either an α6 or β3 subunit. Although we found no evidence for a role of
Chrna6 or Chrnb3 in ethanol-induced ataxia it is important to note that we only used one
behavioral measure of this trait. There are many different measures of ethanol-induced
ataxia and it is known that a no single measure fully captures all aspects of this complex
behavior (Crabbe et al., 2005). It is possible we may have observed different results if we
had chosen a different task to measure ataxia.

We were able to detect a significant effect of Chrna6 on ethanol-induced LORR. In contrast
Chrnb3 had no effect. The difference in duration of LORR in Chrna6 animals was
independent of a difference in ethanol metabolism, because no significant differences were
observed between the Chrna6 genotypes when ethanol metabolism was studied over a 3 hour
time course. We saw no differences in BECs at the time the animals regained their righting
reflex, even though we observed a significant behavioral difference. This is likely due to the
relatively little difference in behavioral response (10 min) not allowing us to observe
statistically significant differences in BECs. The α7 nicotinic acetylcholine receptor subunit
has also been implicated in this ethanol behavior. Similar to the results obtained in the α6
KO mice, mice lacking the α7 subunit took longer to right themselves in the LORR
paradigm compared to WT animals (Bowers et al., 2005). These data suggest that at least 2
different subtypes of nicotinic acetylcholine receptors modulate this behavioral trait, since
α6 and α7 subunits are found in separate receptor subtypes (Gotti et al., 2006).

While we found no evidence for a role of Chrnb3 in ethanol behaviors, this is limited to the
behaviors we examined. Mecamylamine has been shown to decrease ethanol-stimulated
activity in a variety of mouse strains (Blomqvist et al., 1992; Kamens et al., 2009; Kamens
and Phillips, 2008; Larsson et al., 2002). A number of groups have used pharmacologic
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approaches and genetic animal models to try to elucidate which acetylcholine receptor
subtypes are modulating this effect. The cholinergic antagonists, dihydro-β-erythroidine
(α4β2-specific) and methyllycaconitine (α7-specific) were found to have no effect on
ethanol-induced stimulation (Larsson et al., 2002). Additional experiments with specific
conotoxins provided further elucidation of which receptor subtypes were involved. α-
conotoxin MII (α3β2-, β3-, and α6-specific), but not α-conotoxin PIA-analogue (α6-
specific), attenuated ethanol-induced locomotor stimulation (Jerlhag et al., 2006; Larsson et
al., 2004). These data provide evidence that α3β2- or β3-containing nicotinic acetylcholine
receptors are involved in this response. α3 KO mice demonstrate an altered ethanol
stimulant response (Kamens et al., 2009), providing evidence that receptors containing this
subunit may modulate this behavior. However, it is possible that β3-containing receptors
may also influence this response. Unfortunately, our β3 KO exists on a C57BL/6
background that shows a minimal stimulate response to ethanol (Demarest et al., 1999;
Randall et al., 1975).

These results complement the human genetics studies, providing support for the role of
CHRNA6 in alcohol behaviors. Consistent with what we observed in animal models, human
genetic association studies have implicated CHRNA6 in alcohol behaviors with CHRNB3
being involved to a lesser extent (Hoft et al., 2009a; Landgren et al., 2009). Identifying the
subunits and receptor subtypes involved in mediating specific alcohol and nicotine behaviors
is an area of active research (recently reviewed by Tuesta et al., 2011). The data presented
here contribute to this body of work and support the hypothesis that behavioral responses to
alcohol and nicotine are likely to be differentially modulated by specific acetylcholine
receptor subunits.
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Fig. 1.
The Chrna6 gene does not modulate ethanol consumption in male or female mice. Data
(mean ± SEM) represent ethanol consumption of (a) male and (b) female Chrna6 mice,
ethanol preference of (c) male and (d) female Chrna6 mice, and total fluid consumption of
(e) male and (f) female Chrna6 mice.
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Fig. 2.
The Chrnb3 gene does not modulate ethanol consumption in male or female mice. Data
(mean ± SEM) represent ethanol consumption of (a) male and (b) female Chrnb3 mice,
ethanol preference of (c) male and (d) female Chrnb3 mice, and total fluid consumption of
(e) male and (f) female Chrnb3 mice.
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Fig. 3.
Neither the Chrna6 nor Chrnb3 gene influences ethanol-induced ataxia. Data (mean ± SEM)
represent ethanol-induced ataxia when corrected for baseline ataxia in (a) Chrna6 and (b)
Chrnb3 mice.
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Fig. 4.
The sedative-hypnotic effects of alcohol are modulated by the α6, but not β3, subunit of the
nicotinic acetylcholine receptor. Data (mean ± SEM) represent ethanol-induced LORR in (a)
Chrna6 and (b) Chrnb3 mice. *; p < 0.05
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Fig. 5.
Metabolism of an acute injection of ethanol (3 g/kg) is not influence by either the Chrna6 or
Chrnb3 gene. Data (mean ± SEM) represent blood ethanol concentrations (BEC) in (a)
Chrna6 and (b) Chrnb3 mice.
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