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Abstract

Nicotinic acetylcholine receptors (NAChRs) in the mesolimbic dopamine system have been
implicated in ethanol behaviors. In particular, work in genetically engineered mice has
demonstrated that a6-containing nAChRs are involved in ethanol consumption and sedation. A
limitation of these studies is that the alteration in the receptor was present throughout
development. The recently described a6p2 antagonist, N,N-decane-1,10-diyl-bis-3-picolinium
diiodide (bPiDI), now makes it possible to test for the involvement of these receptors using a
pharmacological approach. The aim of this study was to examine the role of a6pf2 nAChRs in
ethanol behaviors using a pharmacological approach. Adolescent C57BL/6J mice were treated
with bPiDI 30 minutes prior to testing the mice for binge-like ethanol consumption in the
drinking-in-the-dark (DID) test, ethanol-induced motor incoordination using the balance beam,
and ethanol-induced sedation using the Loss of Righting Reflex (LORR) paradigm. Adolescent
animals were chosen because they express a high amount of a6 mRNA relative to adult animals.
Control studies were also performed to determine the effect of bPiDI on locomotor activity and
ethanol metabolism. Female mice treated with 20 mg/kg bPiDI had reduced locomotor activity
compared to saline-treated animals during the first 30 minutes following an acute injection.
Pretreatment with the a6p2 antagonist reduced adolescent ethanol consumption but also reduced
saccharin consumption. No significant effects were observed on ethanol-induced ataxia, sedation,
or metabolism. This study provides evidence that a6p2 nAChRs are involved in locomotor activity
as well as ethanol and saccharin consumption in adolescent animals.
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Introduction

Alcohol use disorders are common in the United States with a total lifetime prevalence of
30% (Hasin, Stinson, Ogburn, & Grant, 2007). Several medications are currently used to
treat alcohol use disorders, but further research is needed to identify additional drugs that
can alleviate this disease. Nicotinic acetylcholine receptors (nAChRs) have been implicated
in many of ethanol’s behavioral responses including: consumption (Feduccia, Simms, Mill,
Yi, & Bartlett, 2014; Hendrickson, Zhao-Shea, Pang, Gardner, & Tapper, 2010; Kamens,
Andersen, & Picciotto, 2010a; Steensland, Simms, Holgate, Richards, & Bartlett, 2007),
reward (Liu, Zhao-Shea, Mclntosh, & Tapper, 2013; Powers, Broderick, Drenan, & Chester,
2013), ataxia (Kamens, Andersen, & Picciotto, 2010b; Taslim, Al-Rejaie, & Saeed Dar,
2008), sedation (Bowers et al., 2005; Kamens et al., 2010b; Kamens, Hoft, Cox, Miyamoto,
& Ehringer, 2012), and locomotor activation (Kamens et al., 2009; Kamens & Phillips,
2008; Larsson, Svensson, Soderpalm, & Engel, 2002). These data provide a compelling
argument that this receptor system should be further examined in terms of treatment
potential.

Data from both human genetic studies and animal models has provided evidence that the a6
NAChR subunit is involved in ethanol responses. Studies examining common genetic
variation in CHRNAG (the gene that codes for the a6 subunit) have shown that variation in
this gene is associated with alcohol consumption (Hoft et al., 2009; Landgren et al., 2009).
Moreover, recent work suggests that rare genetic variation in this region may be associated
with risk of alcohol dependence (Haller et al., 2014).

Animal models have also shown a role for the a6 subunit in ethanol behaviors, but the
results of these studies are mixed. Mice that lack the a6 subunit do not differ in ethanol
consumption compared to wildtype animals (Guildford, Sacino, & Tapper, 2016; Kamens et
al., 2012), but do differ in sensitivity to the sedative effects of ethanol (Kamens et al., 2012)
and sensitivity to ethanol reward at high doses (Guildford et al., 2016). In contrast,
transgenic mice that exhibit a hypersensitive a6 subunit consumed significantly more
ethanol than wildtype animals and displayed ethanol reward at low doses (Powers et al.,
2013). These mice were created using a bacterial artificial chromosome to express an a6
subunit that has a point mutation at the 9" position that results in a.6-containing nicotinic
receptors that are hypersensitive to acetylcholine compared to the wildtype receptor (Drenan
et al., 2008). Research with genetically engineered mice is not without important limitations.
The primary limitation of both models is that the a6 subunit was either removed or altered
during development, and compensatory effects of other nAChRs may have occurred. These
data suggest that a6-containing nicotinic receptors may be involved in the behavioral effects
of ethanol, but further research is needed.

The a6 subunit requires a p subunit (B2 or f3) to form functional receptors. In almost all
known nAChRs a6 combines with a f2 subunit to form a functional receptor, although other
subunits also co-assemble (Quik, Perez, & Grady, 2011). Until recently, no drugs that cross
the blood brain barrier and specifically target a6-containing nAChRs have been available.
Recently, a novel a6p2 nAChR antagonist, N,N-decane-1,10-diyl-bis-3-picolinium diiodide
(bPiDlI), has been described (Wooters et al., 2011). These receptors are the major subtype of
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nAChRs found in the nucleus accumbens which is a key brain region in modulating drug use
(Quik, Perez, & Grady, 2011). Recent data in adult rats suggests that bPiDI can selectively
decrease ethanol consumption (Srisontiyakul, Kastman, Krstew, Govitrapong, & Lawrence,
2016). To extend this line of research, we examined the role of a6p2 nAChRs in multiple
ethanol behaviors in C57BL/6J mice. We examined the effect of bPiDI on: ethanol
consumption, ethanol-induced ataxia, and ethanol-induced sedation. Based on the recent
work of Srisontiyakul et al (2016), we hypothesized that a blockade of a6p2 nAChRs with
bPiDI would decrease ethanol consumption. Two other hypotheses were developed based on
our earlier work with genetically engineered mice (Kamens et al., 2012). We hypothesized
that bPiDI would increase the sedative effects of ethanol, but have no effect on ethanol-
induced motor coordination. We focused specifically on adolescent animals because of the
high expression of the a6 subunit during this time (Azam, Chen, & Leslie, 2007).

Materials and Methods

Animals

Drugs

Adolescent C57BL/6J mice purchased from The Jackson Laboratory (Bar Harbor, Maine)
were used in all experiments. Mice arrived at 25 days of age, were housed in standard
shoebox cages and had ad /ibitum access to food and water. Upon arrival, mice designated
for drinking studies were singly housed, but animals for all other studies were housed in
same sex groups of 2—4 per cage. Mice acclimated to either a standard 12 hour light/dark
cycle (lights on at 0700) or a modified 12 hour light/dark cycle (lights on at 2200) for one
week prior to testing. All procedures complied with the Guide for the Care and Use of
Laboratory Animals (National Research Council, 2011) and were approved by the
Pennsylvania State University Institutional Animal Care and Use Committee.

Ethyl alcohol (200 proof; Koptec) was used for all experiments. The ethanol was diluted in
physiological saline (0.9% NaCl; Baxter) for injections (20% v/v; i.p.) or tap water for
drinking solutions. N, A-decane-1,10-diyl-bis-3-picolinium diiodide (bPiDI) was purchased
from Sigma-Aldrich (St. Louis, MO) and dissolved in saline for injections (i.p.). Saccharin
sodium salt was obtained from Sigma-Aldrich (St. Louis, MO) and diluted in tap water for
drinking studies.

Locomotor Activity

To investigate the effect of bPiDI on locomotor activity, 29 (15 female, 14 male) animals
were tested at 32—-33 days of age in a two day protocol similar to those published previously
(Kamens et al., 2010b). Briefly, mice were tested in ten plastic arenas (19” X 10.5” X 8”,
L X W X H, respectively). On the first day, animals were brought into the behavior room
and allowed to acclimate for 45 minutes before testing. Animals were then injected with
saline and placed into a test arena for 60 minutes. On the second day, mice were allowed to
acclimate to the behavioral room for 45 minutes before they were injected with either saline
or (15 or 20 mg/kg) bPiDI and immediately placed into a locomotor chamber for one hour.
Locomotor activity was assessed by line crosses scored by two raters blind to treatment
conditions.

Alcohol. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kamens et al.

Page 4

Drinking in the Dark (DID)

To examine the effect of bPiDI on ethanol consumption, we utilized a 2 day drinking-in-the-
dark (DID) procedure (Gupta et al., 2008; Kamdar et al., 2007). Singly housed mice (N =
24; 12 female and 12 male) went through four 2-day DID session separated by 1-2 days.
Briefly, animals began testing at 32 days of age. The DID sessions occurred when mice were
32-33, 36-37, 39-40, and 43-44 days old. On day 1, water bottles were removed and a
single 20% ethanol tube was provided at 3 hours into the dark cycle (Rhodes, Best, Belknap,
Finn, & Crabbe, 2005). The volume of fluid in the tube (read to the closest 0.1 ml) was
recorded immediately upon placement and at 30 min, 1 hour, and 2 hours. After the 2 hour
exposure period, the ethanol tube was removed and water was returned. On Day 2, this was
repeated with the exception that the animals were treated with an acute i.p. injection of
saline or bPiDI (10, 15, or 20 mg/kg), 30 minutes prior to the 2 hour ethanol access period.
All mice received each dose of bPiDI in a Latin square design. To determine if the effects on
ethanol consumption were specific, a separate group of animals (N = 24) went through the
same procedure, but had access to 0.033% saccharin instead of ethanol (Kamens et al.,
2010a). For both ethanol and saccharin consumption, two control cages with no animal were
handled with the same procedure as the experimental cages. The average leakage from these
control cages was subtracted from drinking values obtained for experimental animals.

Balance Beam

LORR

To examine the effect of bPiDI on the ataxic effects of ethanol, naive male and female mice
were tested at 32—33 days of age using a balance beam (Crabbe et al., 2003; Kamens et al.,
2010b; Linsenbardt et al., 2009). On day 1 all mice were given two training sessions, each of
which consisted of a single crossing on an acrylic balance beam (% inch wide) suspended at
a height of 54.6 cm off of the ground. On the second day of testing, mice were treated with
an i.p. injection of saline or bPiDI (10, 15, or 20 mg/kg) and placed in a holding cage for 30
minutes. The mice were then challenged with saline or 1.5 g/kg ethanol before being placed
back into the holding cage. Ten minutes after the challenge injection, the mice were placed
on the balance beam and the number of hindpaw slips were counted as the mouse crossed
the beam by an experimenter blind to the animal’s injection.

To examine the effect of bPiDI on the sedative-hypnotic effects of ethanol the Loss of
Righting Reflex (LORR) was measured (Crabbe, Metten, Ponomarev, Prescott, & Wahlsten,
2006; Kamens et al., 2010b, 2012). Male and female mice were tested at 39 days old, 7 days
after being tested on the balance beam. Mice received a pre-injection of saline, 10, 15, or 20
mg/kg bPiDI and were placed in a holding cage and left undisturbed for 30 minutes before
being challenged with a 4.0 g/kg ethanol injection. Mice were then placed into a cage until
they appeared intoxicated (approximately 1 minute) and were placed on their back in a V-
shaped acrylic trough. Mice were determined to have lost their righting reflex when they
were unable to right themselves from a supine position for at least 30 seconds. Mice were
removed if they did not lose their righting reflex within 3 minutes of injection as evidence of
a misplaced injection (Ponomarev & Crabbe, 2002). Time to LORR was recorded as time
from injection until the animal lost its righting reflex. Mice were then observed until they

Alcohol. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kamens et al.

Page 5

succeeded in righting themselves twice in one minute, and this was recorded as duration of
LORR.

Ethanol Metabolism

To determine the impact of bPiDI on ethanol metabolism, an established procedure was used
(Kamens et al., 2006, 2010a). Mice that had previously undergone locomotor testing were
allowed one week to rest and were tested at 43 or 44 days of age for ethanol metabolism.
Briefly, mice were moved to the test room, weighed, and left undisturbed to acclimate to the
room for at least 1 hour. Mice were treated with an acute injection of saline or bPiDI (15 or
20 mg/kg) before being placed into a holding cage. After 30 minutes all mice were given an
i.p. injection of 4 g/kg ethanol. A 10 pL blood sample was taken from the tail vein 30, 60,
120, and 180 minutes following the ethanol injection. Blood ethanol concentrations were
measured as previously described (Ehringer, Hoft, & Zunhammer, 2009; Kamens et al.,
2012).

Statistical Analysis

Results

Line crosses, ethanol consumption, saccharin consumption, footslips, time to LORR,
duration of LORR, and BEC were used as primary dependent variables. Independent factors
included sex and time. A repeated measures analysis of variance (ANOVA) was used to
analyze data from the DID and metabolism studies, while all other studies were analyzed
with a factorial ANOVA. Significant effects were followed with Tukey’s HSD for post hoc
comparisons. a < 0.05 was considered significant.

Locomotor activity

bPiDI transiently reduced locomotor activity in female C57BL/6J mice (Fig. 1). When
locomotor activity across time was examined with a 2-way ANOVA, there was a significant
main effect of sex (F1, 23=10.6, p<0.01) and sex X time interaction (F11, 53=2.1, p<0.05), so
males and females were analyzed independently. In female mice, there was a significant
main effect of time (F11 132=12.2, p<0.001), dose (F, 12=6.0, p<0.05), and time X dose
interaction (Fo2, 132=3.6, p<0.001). There was a significant difference in locomotor activity
at 10 (FZ, 12=12.8, p<0.01), 15 (FZ, 12=12.4, p<0.01), 20 (FZ, 12=45.9, p<0.001), 30

(F2, 12=4.2, p<0.05), and 60 minutes (F,, 10=4.0, p<0.05). Specifically, the 20 mg/kg bPiDI
dose significantly decreased locomotor activity between 10 — 30 minutes after the injection
compared to saline treatment (p’s<0.05; Fig. 1A). The 15 mg/kg dose also reduced
locomotor activity, but was only significantly less than saline at the 20 minute time point
(p<0.01). At 60 minutes, the 20 mg/kg dose group was significantly different compared to
the 15 mg/kg group, but not the saline group (p<0.05). In male mice, there was a significant
main effect of time (F11,121=9.6, p<0.001), such that activity was greatest during the first 5
minutes then decreased for the remainder of the test session (p<0.05; Fig. 1B). In male mice,
there were no significant effects or interactions with dose observed.
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bPiDI decreased binge-like ethanol consumption in adolescent C57BL/6J mice (Fig 2A).
Ethanol consumption (g/kg) was examined after 30, 60 and 120 minutes. Separate 1-way
repeated measures AVNOVAs were performed for each DID time point, because of known
time-dependent effects of nicotinic acetylcholine receptors on ethanol consumption (Kamens
et al., 2010a; Steensland et al., 2007). At 30 minutes a significant main effect of dose

(F3, 66=4.7, p<0.01) was detected. The high dose of bPiDI (20 mg/kg) significantly reduced
ethanol consumption compared to saline, 10, or 15 mg/kg bPiDI (p’s<0.05). At 60 minutes
the 20 mg/kg of bPiDI continued to reduce ethanol consumption compared to the saline or
10 mg/kg bPiDI dose as indicated by a significant main effect of dose (F3 g=4.6, p<0.01).
At 120 minutes, there were no significant effects of bPiDI on ethanol consumption.

Saccharin Consumption

To determine if the reduction in ethanol consumption was specific, we examined the effect
of bPiDI on saccharin consumption using the DID paradigm. bPiDI reduced saccharin
consumption in adolescent C57BL/6J mice (Fig 2B), indicating the that effect of this drug
on ethanol consumption was not specific. At 30 minutes there was a significant main effect
of dose (F3, 66=5.7, p<0.01) on saccharin consumption, such that the highest dose of bPiDI
(20 mg/kg) reduced saccharin consumption compared to both saline and the 10 mg/kg bPiDI
dose (p’s<0.05). At 60 minutes the high dose of bPiDI (20 mg/kg) significantly (F3 e=7.4,
p<0.01) reduced saccharin consumption compared to saline, 10 or 15 mg/kg bPiDI
(p’s<0.05). At 120 minutes there was a significant main effect of dose (F3 ¢=3.2, p<0.05),
but at this time point the 20 mg/kg dose only reduced saccharin consumption compared to
mice that received 10 mg/kg bPiDI (p<0.05).

Balance Beam

LORR

bPiDI did not influence ethanol-induced ataxia (Fig. 3). Treatment with bPiDI had no
significant effect on footslips following a saline injection (p = 0.11; saline 0.33 £ 0.19; 10
mg/kg 0.33 £ 0.14; 15 mg/kg 0.92 + 0.26; 20 mg/kg 1.0 = 0.35 hindpaw slips). Thus, for
further analyses, ethanol footslips were corrected by the average number of footslips made
in the corresponding saline group that received the same dose of bPiDI (Crabbe et al., 2003;
Kamens et al., 2010b). This corrected score shows the change in ethanol-induced ataxia
while controlling for effects of saline and was used as the primary dependent variable. No
significant main effects or interactions were observed on ethanol-induced ataxia.

a6p2 nAChRs did not affect the sedative-hypnotic effects of ethanol in adolescent
C57BL/6J mice (Fig. 4). To examine the effect of bPiDI on ethanol sedation, two dependent
variables were examined: the time to LORR and LORR duration. Two separate ANOVAs
with sex and dose as independent factors revealed no significant main effects or interactions
for either time to LORR or duration of LORR.
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bPiDI did not significantly influence ethanol metabolism in either male or female animals
(Fig 5). A repeated measures ANOVA was used to examine BEC following an acute ethanol
injection (4 g/kg). Data were analyzed separately for each sex due to a significant sex X time
interaction (F3 g=4.2, p<0.01). In female mice, a significant main effect of time

(Fs, 33=74.7, p<0.001) was observed, but no other significant main effects or interactions
were present. BEC values were not significantly different between the 30 and 60 minute
time points, but differed at all other time points (p’s<0.01). Similar results were obtained in
male animals, with a significant main effect of time (F3 33=60.3, p<0.001), but no other
effects. In male mice, BEC levels decreased significantly between all time points (p’s<0.05).

Discussion

The importance of a6-containing NAChRs in ethanol behaviors has been highlighted in both
human and animal work. Results from human genetics studies have found significant
associations with CHRNAG variants and alcohol phenotypes (Hoft et al., 2009; Landgren et
al., 2009) and research using genetically modified animals has supported the involvement of
this subunit in ethanol behaviors (Kamens et al., 2012; Powers et al., 2013). The goal of the
current project was to examine the role of a6p2 nAChRs in ethanol behaviors utilizing a
pharmacologic approach. We found that bPiDI transiently reduced locomotor activity, but
that normal activity was restored by 30 minutes after the injection. bPiDI also reduced
ethanol consumption, but the effect was not specific as it also decreased consumption of the
sweet solution saccharin. bPiDI was not found to alter ethanol-induced sedation, ataxia, or
metabolism.

We observed a transient decrease in locomotor activity when female mice were given bPiDI.
In the ANOVA model, there was a significant main effect of sex with female mice overall
more active compared to males (Fig 1). It is possible that we were able to observe a decrease
in locomotor activity in the female mice because of this sex difference in locomotor activity
(i.e., female mice had greater baseline to be reduced from). Additionally, it is possible that if
more animals were included we may have observed a significant difference in male mice as
well. The effect size of the dose X time interaction in females was o= 1.55, while in males it
was d= 0.97, supporting the possibility that we may have been under-powered for this
experiment. Although there was no significant effect of bPiDI dose on locomotor activity in
male mice, there is an apparent depression of locomotor activity following bPiDI around the
15 minute post-bPiDI injection which may have reached significance if additional animals
had been tested (Fig 1B).

Expression of the a6 subunit is limited throughout the brain, but of key importance is its
expression in the substantia nigra and ventral tegmental area (Quik & Mclntosh, 2006),
which are regions known to modulate locomotor activity. Our data partially agree with prior
literature on the role of a6 containing NAChRS in spontaneous locomotor activity. In
particular, transgenic mice that overexpress a mutant hypersensitive a6 subunit exhibit more
activity than wildtype animals (Cohen et al., 2012; Drenan et al., 2008, 2010). Thus, these
data suggest that having a more active a6 receptors causes increased locomotor activity.
Consistent with this in our data blocking receptors that contain an a.6 subunit had the reverse

Alcohol. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kamens et al.

Page 8

effect — we observed decreased locomotor activity. Earlier studies revealed no effect of
bPiDI on locomotor activity (Madsen et al., 2015; Srisontiyakul et al., 2016), but our study
tested a higher dose. Additionally, a second factor that could explain differences in these
results is that we examined adolescent animals because of high expression of the a.6 subunit
during this time (Azam et al., 2007). It is possible that adult mice would be less sensitive to
locomotor depressant effects of bPiDI due to the reduced expression of this subunit.

In addition to observing decreased locomotor activity, we also observed that bPiDI
decreased ethanol consumption. Although bPiDI decreased ethanol consumption, it also
decreased saccharin consumption. Recent work in the iP rat model showed that an injection
of 3 mg/kg bPiDI selectively reduced operant responding for ethanol in the absence of a
difference in responding for sucrose (Srisontiyakul et al., 2016). Our work is similar in that
we also show decreases in ethanol intake, but our results were not specific for ethanol. The
discrepancy in results could be due to a number of experimental differences. Notably, our
study used a higher bPiDI dose which may have resulted in non-specific effects. Additional
differences include the species, age, sex and that the Srisontiyakul paper utilized a line of
rats selected for high ethanol consumption whereas we utilized an unselected inbred strain of
mice. Inconsistent results have also been found with studies of genetically modified animals.
While animals lacking the a6 subunit do not differ in ethanol consumption (Guildford et al.,
2016; Kamens et al., 2012), mice with a hypersensitive a6 subunit consume significantly
more ethanol than wildtype animals (Powers et al., 2013). Together, these data suggest that
a6p2 nicotinic acetylcholine receptors may be involved in ethanol intake but additional
research is needed to clarify their role.

In order to take into account the reduction in locomotor activity we observed, we pre-treated
animals 30 minutes before all behavioral tests to ensure that changes in behavior were not
directly attributable to locomotor activity. This pre-treatment time is similar to other
nicotinic receptor drugs that also modulate ethanol consumption and self-administration
(Kamens et al., 2010a; Kuzmin, Jerlhag, Liljequist, & Engel, 2009; Steensland et al., 2007).
Our main behavioral effects were seen 1 hour after the bPiDI injection (30 minute pre-
treatment plus 30 DID test), this time frame is consistent with bPiDI decreasing nicotine
self-administration (Madsen et al., 2015). To our knowledge there are no data on the
pharmacokinetics of bPiDI. Therefore, it remains possible that bPiDI is metabolized during
this time and that the effects observed are due to an active metabolite.

As mentioned above, bPiDI has been shown to reduced nicotine self-administration in both
rats and mice (Madsen et al., 2015; Wooters et al., 2011). a6 expression in dopaminergic
neurons in the ventral tegmental area may help explain these results (Champtiaux et al.,
2002). Importantly, research has shown that both nicotine and ethanol-induced nucleus
accumbens dopamine release can be blocked by an a6 nAChR antagonist (Schilaty et al.,
2014), providing a mechanism by which bPiDI could decrease intake of both of these drugs.
Moreover, recent work has suggested that other nicotinic receptor drugs can decrease
consumption of the sweet solution sucrose and that long-term consumption of sucrose alters
nAChRs in the nucleus accumbens (Shariff et al., 2016). Therefore, it is possible that a6-
containing nicotinic receptors in the nucleus accumbens may modulate ethanol, nicotine, and
saccharin intake.
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In contrast to ethanol consumption, bPiDI had no effect on ethanol sedation or ataxia. Prior
work from our laboratory utilizing a6 knockout mice (Kamens et al., 2012) partially agrees
with the current data. In knockout animals, we found no difference in ethanol-induced ataxia
similar to the current findings. In contrast, we did find that mice lacking the a.6 gene were
more sensitive to the sedative effects of ethanol. One key difference between the study with
knockout animals and the current work is the age of the animals. In this study, adolescent
C57BL/6J mice were tested. Adolescent mice have markedly reduced LORR durations
compared to adult mice (Linsenbardt et al., 2009), but have a higher initial blood ethanol
concentration when administered the same dose of the drug (Hefner & Holmes, 2007).
These data suggest that sensitivity to the sedative effects of ethanol may be mediated by a
different process in adolescent versus adult animals. Thus, it is possible that we may have
observed different results if we had tested adult animals.

In the current work, we chose to examine the influence of a6p2 nAChRs in adolescent
animals. This choice was made because of the known changes in expression of a6 mRNA
across development. Specifically, a6 mRNA is highest in early adolescence in the substantia
nigra and ventral tegmental area (Azam et al., 2007). It remains to be determined if similar
results would be observed in adult animals. This is important because all studies of a.6
genetically engineered animals have utilized adult animals (Kamens et al., 2012; Powers et
al., 2013). Further work should examine the role of bPiDI in adult ethanol behaviors.
Alternatively, other genetic manipulations to the subunit such as a conditional knockout may
provide a greater understanding of the role of a6 nAChRs in ethanol behaviors.

The current results provide an interesting perspective in comparison to other work on
genetically engineered mice. In adult genetically engineered mice, a6-containing nAChRs
have been implicated in ethanol consumption and sedation (Kamens et al., 2012; Powers et
al., 2013). In these mouse models the a6 subunit was altered in development, thus, it is
possible that compensation may have occurred. Here we show that bPiDI reduced ethanol
consumption, but also reduced consumption of the sweet solution saccharin. Further
research is needed to further clarify the role of a6-containing nAChRs in ethanol behaviors.
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Highlights
a6P2 nicotinic receptors are involved in locomotor activity
a6p2 nicotinic receptors may contribute to ethanol consumption

a6P2 nicotinic receptors do not contribute to ethanol ataxia or sedation
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Fig 1. bPiDI decreases locomotor activity

Data (mean £ SEM) represent line crosses in female (A) and male (B) mice. N=4 -5
animals per group. Asterisks, significantly different from the control group.

Alcohol. Author manuscript; available in PMC 2018 June 01.

Page 14



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Kamens et al.

Page 15

A 5] 1 0 mgkg
== 10 mg/kg II
§4- B 15 mglkg
=) EEE 20 mglkg *
: i
o 34
2
g %
2 2
[}
o
5
g 1 ﬂ
0

. *
B 30
> 25
=
B [
§ 20 A I
§ *
o 15
S *
o
g 104
5
=
g 51 ﬂﬂ
©
’ T

0

30 60 120
Time (min)

Fig 2. bPiDI decreased binge-like ethanol consumption and saccharin consumption
Data (mean + SEM) represent ethanol consumption (A) and saccharin consumption (B). No

significant main effects or interactions with sex were observed, so male and female data are
combined. N = 24 animals per dose. Asterisks, p < 0.05.
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Fig 3. bPiDI does not modulate ethanol-induced ataxia
Data (mean £ SEM) represent corrected footslips (ethanol slips — baseline slips). No

significant main effects or interactions with sex were observed, so male and female data are
combined. N = 12 — 13 animals per dose.
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Fig 4. bPiDI had no effect on ethanol’s sedative-hypnotic effects as measured by LORR
Data (mean + SEM) represent time to LORR (A) and duration of LORR (B). No significant

main effects or interactions with sex were observed, so male and female data are combined.
N = 18 — 22 animals per dose.
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Data (mean £ SEM) represent blood ethanol concentrations (BEC) in female (A) and male
(B) mice. N =9 — 10 animals per dose.
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