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Abstract
Background—Muscarinic acetylcholine receptors (mAChRs) are well positioned to mediate
ethanol’s stimulant effects. To investigate this possibility, we examined the effects of
scopolamine, a receptor subtype nonselective mAChR antagonist, on ethanol-induced stimulation
in genotypes highly sensitive to this effect of ethanol. We also investigated whether the dopamine
D1-like receptor antagonist, SCH-23390 or the dopamine D2-like receptor antagonist, haloperidol,
could block the extreme stimulant response found following co-administration of scopolamine and
ethanol.

Methods—Scopolamine (0, 0.0625, 0.125, 0.25, or 0.5 mg/kg) was given 10 minutes prior to
saline or ethanol (0.75 to 2 g/kg) to female FAST (Experiment I) or DBA/2J (Experiment II) mice
that were then tested for locomotion for 30 minutes. In Experiments III and IV, respectively,
SCH-23390 (0, 0.015, or 0.03 mg/kg) was given 10 minutes prior, and haloperidol (0, 0.08, or
0.16 mg/kg) was given 2 minutes prior, to scopolamine (0 or 0.5 mg/kg), followed 10 minutes
later by saline or ethanol (1.5 g/kg) and female DBA/2J mice were tested for locomotion for 30
minutes.

Results—FAST and DBA/2J mice displayed a robust enhancement of the locomotor effects of
ethanol following pretreatment with scopolamine that was suggestive of synergism. SCH-23390
had no effect on the response to the scopolamine + ethanol drug combination, nor did it attenuate
ethanol- or scopolamine-induced locomotor activity. Haloperidol, while attenuating the effects of
ethanol, was not able to block the effects of scopolamine or the robust response to the
scopolamine-ethanol drug combination.

Conclusions—These results suggest that while muscarinic receptor antagonism robustly
enhances acute locomotor stimulation to ethanol, dopamine receptors are not involved in the
super-additive interaction of scopolamine and ethanol treatment. They also suggest that in addition
to cautions regarding the use of alcohol when scopolamine is clinically prescribed due to enhanced
sedative effects, enhanced stimulation may also be a concern.
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The FAST and SLOW lines of mice were created in replicate by selective breeding over
multiple generations for extreme sensitivity (FAST-1 and -2) or insensitivity (SLOW-1 and
-2) to the locomotor stimulant effects of ethanol (Crabbe et al., 1987; Phillips et al., 1991;
Shen et al., 1995b). Several lines of rats and mice have been created for high and low
ethanol drinking or high and low ethanol sedative sensitivity, but the FAST and SLOW lines
are the only selected lines ever created to model extreme differences in behavioral
stimulation to ethanol. The more stimulated FAST lines also exhibit heightened ethanol
consumption, as well as reduced sensitivity to the sedative and ataxic effects of ethanol,
compared to the SLOW lines (Phillips et al., 2002; Risinger et al., 1994; Shen et al., 1996), a
suite of traits that has been sometimes argued to correspond with greater risk for alcohol
addiction (Duranceaux et al., 2008; Holdstock et al., 2000; King et al., 2002; Newlin and
Thomson, 1990; Schuckit, 1994; Schuckit et al., 2000, 2005). Studies designed to identify
differences that are genetically related to the differential sensitivity of FAST and SLOW
mice to ethanol have strongly implicated roles for dopaminergic and GABAergic processes
(Boehm et al., 2002; Shen et al., 1995a, 1998a), as well as glutamatergic differences
(Daniell and Phillips, 1994; Meyer and Phillips, 2003; Shen and Phillips, 1998b). However,
several other possible neural substrates remain to be studied. The work described here
focused on muscarinic acetylcholine receptor (mAChR)-mediated systems.

mAChRs are perfectly positioned in the brain to influence ethanol-related behaviors. All
known subtypes of mAChRs (m1-m5) are G-protein coupled, with the m1, m3, and m5
subtypes positively coupled to phospholipase C (Gq), and the m2 and m4 subtypes
negatively coupled to adenylyl cyclase (Gi) (Bymaster et al., 2003). Although there is some
overlap, the mAChR subtypes are also differentially expressed and distributed throughout
the brain, suggesting that they may serve different functions. The m1 receptor subtype is
widely expressed in all major forebrain areas, such as the cortex, hippocampus, and striatum,
and has been shown to play a role in learning and memory (Eglen, 2005; Smythies, 2005).
The m2 receptor subtype is also widely expressed in the fore-brain, most significantly as a
presynaptic autoreceptor in the striatum (Eglen, 2005; Smythies, 2005), where it functions as
an inhibitor of neurotransmitter release. The m3 receptor is the subtype least expressed in
the central nervous system, and is known to govern smooth muscle contraction (Eglen,
2005). The m4 receptor subtype is expressed in the striatum and colocalized with dopamine
D1 receptors (Hersch et al., 1994; Ince et al., 1997); immunoreactivity for the m4 receptor
subtype has also been detected in the nucleus accumbens, olfactory tubercle, islands of
Calleja, substantia nigra, and cortex (Hersch et al., 1994; Levey et al., 1991). Finally, the m5
receptor subtype is expressed in the substantia nigra and ventral tegmental area (Weiner et
al., 1990). Little is known about the roles of the m4 and m5 receptor subtypes in behavior or
physiology; however, they are appropriately positioned to play a role in drug-induced
changes in locomotor behavior, general locomotor coordination, and reward and
reinforcement (Kalivas and Nakamura, 1999; Kalivas and Volkow, 2005; Phillips and Shen,
1996; Wise and Bozarth, 1987).

While it has been previously shown that scopolamine is able to counteract the sedative
effects of ethanol in rats (Pohorecky et al., 1979), to the best of our knowledge no one has
studied the effects of muscarinic drugs or receptors on acute locomotor stimulation to
ethanol. When FAST and SLOW mice were tested for their locomotor response to
scopolamine, 1 set of the replicated lines showed a difference in stimulant response
(FAST-2 vs. SLOW-2), where as the other replicate set (FAST-1 vs. SLOW-1) did not
(Bergstrom et al., 2003). These data provide moderate evidence (Crabbe et al., 1990) for
common genetic influence on the locomotor response to scopolamine and ethanol, and thus
suggest a possible role for mAChRs in sensitivity to ethanol-induced stimulation. The
possible role of these receptors was examined here using the extremely sensitive FAST lines
and the DBA/2J inbred mouse strain.
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Whereas the FAST lines exhibit a large locomotor stimulant response to ethanol by design,
the inbred DBA/2J mouse strain displays a robust locomotor response to an acute injection
of ethanol by chance (Dudek et al., 1991). Utilization of these independent mouse
populations increases the power for detecting important mechanisms underlying sensitivity
to ethanol-induced stimulation. Consistent results across genotypes would provide more
compelling evidence for the primary involvement of a neurochemical system or pathway.
Three independently derived populations of mice (FAST-1, FAST-2, and DBA/2J) were
utilized in these studies. Initial results showed that pretreatment with scopolamine robustly
enhanced the locomotor stimulant effects of ethanol. We hypothesized that this was due to
an increase in dopaminergic transmission (Di Chiara and Imperato, 1988; Yim and
Gonzales, 2000), and examined the ability of SCH-23390, a D1-like dopaminergic receptor
antagonist, and haloperidol, a mixed dopaminergic receptor antagonist with greater affinity
for the D2 dopamine receptor, to block this response.

MATERIALS AND METHODS
Subjects

These experiments were performed in accordance with the National Institutes of Health
guidelines for the care and use of laboratory animals and with approval from the Portland
Veterans Affairs Medical Center Institutional Animal Care and Use Committee. The animals
were maintained on a 12 h/12 h light/dark cycle, with lights on at 6 AM. Ambient temperature
was kept at 21 ± 2°C. Food (Purina 5001; Animal Specialties Inc., Hubbard, OR) and tap
water were available ad libitum, except during behavioral testing, which occurred during the
light phase between 8:00 AM and 4:00 PM. Animals were group-housed in polycarbonate/
polysulfone cages (28 × 18 × 13 cm; length × width × height) lined with Bed-o’cobs
bedding. Female mice were used in all experiments for reasons of availability and because
they have a more robust stimulant response to ethanol compared to males; however,
genetically determined differences in ethanol response have not been found to be dependent
upon sex in the FAST and SLOW lines (Shen et al., 1995b) or standard inbred mouse strains
(e.g., Dudek et al., 1991). Animals were distributed into experimental groups such that no
cage contained more than 2 animals receiving the same treatment. All mice were
experimentally naïve at the time of testing.

FAST-1 and -2 Selected Lines
FAST-1 and -2 offspring resided with dam and sire until 20 to 22 days old, at which time
they were housed with same-sex littermates in groups of 2 to 5. Nonlittermates of the same
line and similar age (±4 days) were occasionally housed together to avoid isolate housing.
The FAST-1 and -2 replicate lines were selectively bred from independent breeding
populations of a heterogeneous stock of mice, derived from the intercrossing of 8 genetically
diverse inbred mouse strains (McClearn et al., 1970). Selection for extreme sensitivity to the
locomotor stimulation induced by injection of 2.0 g/kg ethanol was practiced over multiple
generations; 1.5 g/kg ethanol was used in the initial 6 generations of selection, but the dose
was increased to maximize selection response (Crabbe et al., 1988). The details of the
selection process have been described elsewhere (Crabbe et al., 1987; Phillips et al., 2002,
1991). The selection phenotype was magnitude of stimulation in a 4 minute locomotor test,
measured beginning 2 minutes after acute ethanol injection, and corrected using activity
results collected for the same time period after saline injection. The saline activity data were
collected 24 hours after the ethanol activity data for most selection generations (see Crabbe
et al., 1988, for details justifying alterations to the selection phenotype). Following
generation 37, selection was relaxed and mice were bred randomly within replicate (Shen et
al., 1995b); the stimulant response difference between FAST and SLOW mice has not
regressed (Palmer et al., 2002). In the current experiments, FAST-1 mice were from
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S37G85–88 and FAST-2 mice were from S37G84–86 (Sxx denotes the last generation of
selection and Gxx denotes the total number of generations). FAST-1 mice were 49 to 96 days
old at the beginning of testing, and FAST-2 mice were 55 to 89 days old.

DBA/2J Inbred Strain
DBA/2J mice were purchased from The Jackson Laboratory West (PaloAlto, CA), and
remained housed with their shipping mates in groups of 4. They were allowed at least 2
weeks to acclimate to the colony room before being used in the experiments, and were 52 to
75 days old at the beginning of testing.

Drug Sources and Preparation
Ethanol (200 proof) was obtained from Pharmco (Brookfield, CT). Haloperidol solution
USP (2 mg/ml concentrate; Pharmaceutical Associates, Inc., Greenville, SC) was purchased
from the Portland VA Pharmacy. R(+)-SCH-23390 hydrochloride and (−)scopolamine
hydrobromide were obtained from Sigma (St. Louis, MO). All drugs were diluted in 0.9%
saline (Baxter Healthcare Corporation, Deerfield, IL) to the appropriate concentrations on
the day of the experiment. Scopolamine was prepared in dark bottles to avoid light-induced
degradation. All drugs were given by intraperitoneal injection using Monoject 1cc tuberculin
syringes (27 gauge, ½ needles and length; Sherwood Medical, St. Louis, MO) in a volume
of 10 ml/kg of body weight (SCH-23390, scopolamine, haloperidol) or, in the case of
ethanol, as a 20% v/v solution adjusted for body weight.

Apparatus
Locomotor activity was measured in automated Accuscan activity monitors (Accuscan
Instruments Inc., Columbus, OH). Mice were housed in each of 8 monitors in a 40 × 40 × 30
cm (length × width × height) clear acrylic box during testing. Encompassing chambers
provided external sound-attenuation due to foam lining, and a fan further masked outside
noise and provided ventilation. Chambers were illuminated with an 8 W fluorescent light
bulb during testing. The activity monitors had 2 sets of 8, evenly spaced photocell beams
and detectors located 2 cm above the chamber floor. Beam breaks from the movement of the
mice were automatically recorded and translated by Accuscan software into total distance
traveled (cm).

Procedures
On each day of testing, mice were allowed to acclimate in their home cages to the testing
room for 45 to 60 minutes. Mice were returned to group housing in their colony room
following testing on Days 1 and 2. Injection sites were alternated between the 2 sides of the
abdomen to minimize discomfort to the animals. On Day 3, immediately following removal
from the activity chambers, periorbital blood samples were collected from each ethanol-
treated mouse with 20 μl microcapillary pipets (Kimble Glass Inc., Vineland, NJ) to
determine blood ethanol concentration (BEC). Details specific to each experiment are given
below. Following each experiment, animals were humanely killed via CO2 inhalation.

Experiment I: Effect of Scopolamine on Acute Locomotor Response to Ethanol in FAST
Mice

On Days 1 and 2, all mice were weighed and placed in individual holding cages, with less
than 10 minutes of elapsed time between recording of weight and first injection. Mice were
then injected with saline, and placed back in the holding cages for 10 minutes. Mice were
injected again with saline and placed in the activity monitors where their total distance
traveled was measured for 30 minutes in 5-minute time bins. Day 1 provided a measurement
of locomotor activity in a novel environment, while Day 2 provided a baseline measurement
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of locomotor activity in the now familiar environment. On Day 3, mice were weighed,
injected with either saline or 1 of 4 doses of scopolamine (0.0625, 0.125, 0.25, or 0.5 mg/
kg), and placed in holding cages for 10 minutes. They were then injected with either saline
or 1 of 2 doses of ethanol (1 or 2 g/kg) and placed in the activity monitors for 30 minutes.
Eleven to 12 mice of each replicate line (FAST-1 and FAST-2) were included in each drug
dose × ethanol dose group (total n = 180 per replicate line). The FAST-1 and -2 mice were
run in 12 passes, with 27 to 48 animals per pass distributed across all treatment groups. The
ethanol doses were chosen based on our previous experiments with the selected lines to
produce little and maximal stimulation (Palmer et al., 2002; Phillips et al., 1991; Shen et al.,
1995b). The doses of scopolamine were chosen from those that had minimal locomotor
effects in a previously published study (Bergstrom et al., 2003). The decision to wait 10
minutes between scopolamine and ethanol injection was based on a previously published
study (Drouin et al., 2002), showing peak scopolamine effects on locomotor behavior 10 to
15 minutes posttreatment.

Experiment II: Effect of Scopolamine on Acute Locomotor Response to Ethanol in DBA/2J
Mice

All experimental details are identical to those for Experiment I except that we used doses of
0, 0.75, and 1.5 g/kg ethanol, chosen to produce little and maximal stimulation in this mouse
strain (Dudek et al., 1991). Eleven to 12 mice were included in each drug dose × ethanol
dose group (n = 179). This experiment was performed in 4 passes with 32 to 50 animals per
pass distributed across all treatment groups.

Experiment III: Effect of SCH-23390 on the Acute Locomotor Response to Scopolamine
and Ethanol in DBA/2J Mice

Experiment III was conducted to determine whether pretreatment with SCH-23390, a
dopamine D1-like receptor antagonist, would block the robust stimulant response seen with
the combination of scopolamine and ethanol. For reasons of availability and because similar
results were obtained in FAST and DBA/2J mice in our initial studies, this experiment was
performed only in DBA/2J mice. The experimental details are like those described for
Experiments I and II, except that mice received 3 injections per day, with the second
injection given 15 minutes after the first, and the third injection given 10 minutes after the
second. Fourteen to 15 mice were injected per SCH-23390 dose (0, 0.015, 0.03 mg/kg) ×
scopolamine dose (0, 0.5 mg/kg) × ethanol dose (0, 1.5 g/kg) group; n = 178. This
experiment was performed in 5 passes with 24 to 55 animals per pass distributed across all
treatment groups. The SCH-23390 doses chosen were ones previously shown to attenuate
ethanol-induced locomotor activation without affecting basal activity levels. Time between
SCH-23390 and scopolamine injection was chosen based on previously published papers
(Dickinson et al., 2003; Pastor et al., 2005; Shen et al., 1995a).

Experiment IV: Effect of Haloperidol on the Acute Locomotor Response to Scopolamine
and Ethanol in DBA/2J Mice

Experiment IV was conducted to determine whether pretreatment with haloperidol, a
dopamine D2-like receptor antagonist, would block the robust stimulant response seen with
the combination of scopolamine and ethanol in DBA/2J mice. The experimental details are
like those described for Experiment III, except that the second injection was given 2 minutes
after the first. Eleven to 12 mice were injected per haloperidol dose (0, 0.08, 0.16 mg/kg) ×
scopolamine dose (0, 0.5 mg/kg) × ethanol dose (0, 1.5 g/kg) group; n = 143. This
experiment was performed in 5 passes with 23 to 32 animals per pass distributed across all
treatment groups. The haloperidol doses chosen were ones that attenuated ethanol-induced
stimulation alone but did not retard basal locomotor activity (Shen et al., 1995a). The time
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between haloperidol and scopolamine injection was chosen based on a previously published
paper (Shen et al., 1995a).

BEC Determination
The 20 μl blood samples were pipetted into 1.5 ml centrifuge tubes containing 50μl of ice-
cold 5% ZnSO4, then 50μl 0.3 NBa(OH)2, and 300 μl ddH2O was added to the tubes. The
samples were then centrifuged for 5 minutes at 12,000 rpm (11693 × g) in a Beckman
centrifuge contained within a cold room. Following centrifugation, the supernatant was
pipetted off into 2 ml glass chromatography vials, which were crimped with caps and
analyzed for BEC via gas chromatography (Agilent 6890N; Agilent Technologies, Palo
Alto, CA) using standard published methods (Boehm et al., 2000). Ethanol concentrations
were interpolated from a standard curve generated from duplicate samples in the
concentration range of 0.24 to 4.9 mg/ml.

Data Analysis
The critical dependent variable for locomotor drug response was total distance (cm) traveled
on Day 3 corrected for saline baseline on Day 2 (Day 3 minus Day 2). Day 1 and Day 2 data
were also analyzed to determine if there were group differences in locomotor behavior not
related to drug treatments. Time-dependent effects were examined, and for the purpose of
describing the patterns of effects, time course data are shown. Statistica software (StatSoft,
Tulsa, OK) was used for all statistical analyses. Significance for all tests was set at α ≤ 0.05.
Repeated measures analysis of variance (ANOVA) was first performed on Day 3 minus Day
2 scores to determine potential interactions of time (5-minute bins) with the possible factors
SCH-23390 pretreatment dose, haloperidol pretreatment dose, scopolamine pretreatment
dose, ethanol treatment dose, and replicate line. Significant interactions were considered
further using 2-way ANOVA followed by simple main effects analyses and Newman-Keuls
post hoc mean comparisons when appropriate. BEC data were similarly analyzed without
the repeated measures factor. Results are expressed as mean ± SEM.

RESULTS
Initial analyses involving time indicated significant interaction effects involving this factor.
We found key effects to be well-represented by data accumulated for the entire 30-minute
test period in Experiments I and II. However, ethanol has pure and robust stimulant effects
during the 5-minute period immediately after injection (Phillips et al., 1995; Shen et al.,
1995a), and this time period was the most relevant for examination of the blockade of
ethanol-induced stimulation addressed in Experiments III and IV. For consistency across
studies, data from both the initial 5-minute and total 30-minute time periods are shown for
all experiments.

Experiment I: Scopolamine Robustly Enhances Acute Locomotor Stimulation to Ethanol in
FAST Mice

After saline injection on Day 1, FAST-1 mice had higher levels of locomotor activity than
FAST-2 mice for the 30-minute time period. There was also a significant effect of ethanol
dose group. However, although the replicate line difference was retained on basal activity
Day 2 [F(1, 355) = 355, p < 0.01], locomotor differences among groups of animals assigned
to specific doses for Day 3 treatment were absent. Both replicate lines displayed significant
habituation from Day 1 to Day 2 [7608 ± 221 cm vs. 5990 ± 182 cm in FAST-1, F(1,163) =
51.3, p < 0.01; 4310 ± 114 cm vs. 2149 ± 68 cm in FAST-2, F(1,164) = 394, p < 0.01].

A repeated measures ANOVA of drug response data revealed a significant 3-way interaction
of 5-minute time bin, scopolamine dose, and ethanol dose [F(40,1515) = 2.14, p < 0.01].
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Overall, as can be seen in the pattern of time course results shown in Fig. 1, scopolamine
generally enhanced the magnitude of stimulation to ethanol, while having little effect on the
shape of the time–response curve. This pattern of results suggests that scopolamine had little
effect on the duration of ethanol-induced stimulation in FAST mice.

A factorial ANOVA (replicate line × scopolamine dose × ethanol dose) revealed a
significant 2-way interaction of scopolamine pretreatment and ethanol treatment [F(8,288) =
2.99, p < 0.01] that did not significantly interact with replicate line. Data were thus
reanalyzed without replicate as a factor, and the significant scopolamine dose × ethanol dose
interaction was supported [F(8,303) = 2.55, p < 0.05]. Data are shown in Fig. 2 for the
replicates combined. At the early 5-minute time point, FAST mice were not significantly
stimulated by any dose of scopolamine alone. They did, however, exhibit acute stimulation
to the 2, but not 1 g/kg dose of ethanol. Doses of scopolamine and ethanol that alone did not
have significant effects produced a robust stimulant response when co-administered that was
much greater than the additive effects of the drugs alone (Fig. 2A). In particular, FAST mice
displayed extreme stimulation to the combination of 0.5 mg/kg scopolamine and 1 g/kg
ethanol, a level of response not predicted from the value of the combined means.

When data were accumulated for the entire 30-minute test period, the stimulant effects of
scopolamine alone were more apparent. A 2-way ANOVA revealed a significant interaction
of scopolamine pretreatment and ethanol treatment [F(8,342) = 2.97, p < 0.01]. FAST mice
were sensitive to the locomotor stimulant effects of 0.5 mg/kg scopolamine alone, and
displayed acute stimulation to the 2, but not 1 g/kg dose of ethanol. Doses of scopolamine
and ethanol that each alone did not have significant effects produced a robust stimulant
response when co-administered that was much greater than the additive effects of the drugs
alone (Fig. 2B). An example of this can be seen in the inset of Fig.2B by comparing the
mean Day 3 minus Day 2 drug stimulation score for the 0.5 mg/kg scopolamine + 1 g/kg
ethanol dose group to the combined means of the 0.5 mg/kg scopolamine group alone and
the 1 g/kg ethanol group alone. This super-additive effect of the drug combination was also
seen in groups treated with scopolamine and the higher 2 g/kg dose of ethanol. Scopolamine
had no significant effect on BEC (Table 1), but there was a significant replicate line ×
ethanol dose interaction [F(2,327) = 5.174, p < 0.01]. This was due to a significant difference
between FAST-1 and FAST-2 mice for mean BEC after treatment with the 2 g/kg, but not
with the 1 g/kg ethanol dose. The mean BEC of FAST-2 mice (2.04 ± 0.07 mg/ml) was 13%
higher than that of FAST-1 mice (1.80 ± 0.06 mg/ml).

Experiment II: Scopolamine Robustly Enhances Acute Locomotor Stimulation to Ethanol
in DBA/2J Mice

On Days 1 and 2 after saline injection, there were no statistically significant differences in
locomotor activity level for the total 30-minute test period among groups designated for
specific drug treatments (data not shown). Day 1 levels of locomotion were higher than were
Day 2 levels [3803 ± 98 cm vs. 3011 ± 97 cm, F(1, 160) = 58.8, p < 0.01], indicating
significant habituation to the test environment.

A repeated measures ANOVA revealed a significant 3-way interaction of 5-minute time bin,
scopolamine dose, and ethanol dose [F(40,800) = 2.84, p < 0.01]. The pattern of results over
time (Fig. 3) suggests that in DBA/2J mice, unlike FAST mice, some combined doses of
scopolamine and ethanol increased both the magnitude and duration of stimulation.
However, the overall results for the effects of combined scopolamine and ethanol treatment
on locomotor activity in DBA/2J mice were similar to those in FAST mice, and again
suggested synergistic responses to the drug combination. A factorial ANOVA indicated a
significant interaction of scopolamine dose and ethanol dose [F(8, 160) = 2.49, p < 0.05] for
the first 5-minute time period. DBA/2J mice were significantly stimulated by the 0.25 and
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0.5 mg/kg doses of scopolamine alone during the first 5 minutes of the test (Fig. 4A). They
were also significantly stimulated by the 1.5 g/kg dose of ethanol during this time period.
Doses of scopolamine and ethanol that alone did not have significant stimulant effects
produced a robust stimulant response when co-administered that was much greater than the
additive effects of the drugs alone (Fig. 4A). DBA/2J mice displayed extreme stimulation to
the combination of the 3 highest doses of scopolamine and 0.75 g/kg ethanol, a level of
response not predicted from the value of the combined means. They also showed robust
stimulation to the combination of the 2 highest doses of scopolamine and the 1.5 g/kg dose
of ethanol.

Results for the total 30-minute time period were similar to those for the first 5 minutes (Fig.
4B). A 2-way ANOVA indicated a significant interaction of scopolamine pretreatment and
ethanol treatment [F(8, 160) = 3.43, p < 0.01] for the total 30-minute time period. Subsequent
analyses indicated that DBA/2J mice were significantly stimulated by the 2 highest doses of
scopolamine alone (0.25 and 0.5 mg/kg). The stimulant effect of ethanol alone was not
significant compared to saline alone when the data were analyzed accumulated over the total
30-minute. While the lower doses of scopolamine and doses of ethanol alone did not have
significant effects on locomotor behavior, when combined there was a robust stimulant
response greater than the sum of the effects of the 2 drugs alone (Fig. 4B inset). Ethanol
dose-dependently increased BEC, but scopolamine had no effect on BEC (Table 1).

Experiment III: Effect of SCH-23390 on the Acute Locomotor Response to Scopolamine
and Ethanol in DBA/2J Mice

There were no significant differences in Day 1 or Day 2 locomotor activity after saline
injection for the 30-minute test period, among groups of animals assigned to receive
different doses of SCH-23390, scopolamine, or ethanol. While animals displayed some
habituation reflected as lower locomotor activity on Day 2 (3028.9 ± 121.9 cm) than on Day
1 (3956.1 ± 106 cm), the reduction in locomotor behavior was not statistically significant.

In a repeated measures ANOVA (SCH-23390 × scopolamine × ethanol × time), there was a
significant interaction of scopolamine dose, ethanol dose, and time [F(5,835) = 5.75, p <
0.01]. While there was no significant 3-way interaction of SCH-23390, scopolamine, and
ethanol dose when analyzed during the first 5 minutes, there was an interaction of
scopolamine and ethanol dose [F(1,167) = 5.83, p < 0.02]. Consistent with the results of
Experiment II, the 0.5 mg/kg scopolamine + 1.5 g/kg ethanol dose combination enhanced
locomotor activity to a greater extent than predicted by the additive effects of each drug
alone (Fig. 5A). As expected for this time period, there was also acute stimulation to ethanol.
However, there was no time point at which SCH-23390, the dopamine D1-like receptor
antagonist, was found to significantly attenuate ethanol- or scopolamine-induced
stimulation, or their combined effects.

A 3-way ANOVA performed on data for the entire 30-minute test period also revealed an
interaction of scopolamine dose and ethanol dose [F(1,167) = 5.08, p < 0.05]. DBA/2J mice
were sensitive to the locomotor stimulant effects of 0.5 mg/kg scopolamine alone (Fig. 5B),
and while not statistically significant, there was a trend (p = 0.055) towards acute locomotor
stimulation to the 1.5 g/kg dose of ethanol. As previously seen, mice showed a robust
stimulant response to the combination of 0.5 mg/kg scopolamine and 1.5 g/kg ethanol.
However, SCH-23390 had no effect on saline- or ethanol-induced locomotor activity, nor
did it attenuate the effect of the scopolamine + ethanol drug combination. There were no
differences in BEC among the groups (Table 2).
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Experiment IV: Effect of Haloperidol on the Acute Locomotor Response to Scopolamine
and Ethanol in DBA/2J Mice

There were no differences among the groups in basal locomotor activity for the 30-minute
test period after saline treatment on Day 1 or Day 2, and the animals displayed a
nonsignificant reduction in locomotor activity from Day 1 to Day 2 (3267 ± 174 cm vs. 2960
± 112 cm).

In a repeated measures ANOVA (haloperidol dose × scopolamine dose × ethanol dose ×
time), there was a significant interaction of haloperidol dose, ethanol dose, and time [F(6,390)
= 3.96, p < 0.01]. While there was no significant 3-way interaction of the drug treatments
within the first 5 minutes of the test, there was a significant interaction of scopolamine and
ethanol dose [F(1,130) = 87.76, p < 0.001] and of haloperidol and ethanol dose [F(2,130) = 3.4,
p < 0.05] for this early time period. The 0.5 mg/kg scopolamine + 1.5 g/kg ethanol dose
combination enhanced locomotor activity to a greater extent than predicted by the additive
effects of each drug alone (Fig. 6A). There was acute stimulation to ethanol, and haloperidol,
the dopamine D2-like receptor antagonist, dose-dependently decreased ethanol-induced
locomotor activation. The highest dose of haloperidol also significantly attenuated saline
activity. Although the data visually suggest that haloperidol slightly decreased both
locomotor stimulation to scopolamine alone and to the scopolamine + ethanol drug
combination, these decreases were not statistically significant.

Data analyzed over the total 30-minute test period revealed that DBA/2J mice were
significantly stimulated by the 0.5 mg/kg dose of scopolamine (Fig. 6B); however, there was
no acute locomotor stimulation to ethanol when the data were accumulated for 30 minutes.
Again, the combination of 0.5 mg/kg scopolamine and 1.5 g/kg ethanol resulted in an
extreme stimulant response much greater than predicted from the value of the combined
means. For the 30-minute time period, however, haloperidol had no effect on saline-,
ethanol-, or scopolamine-induced locomotion. There were no differences in BEC among the
groups (Table 2).

DISCUSSION
The current experiments showed that combined treatment with scopolamine and ethanol
induced a locomotor stimulant response in both FAST and DBA/2J mice that was greater
than the additive effects of each drug alone. Although haloperidol, but not SCH-23390,
attenuated ethanol-induced locomotor stimulation, neither the D1-like nor the D2-like
dopamine receptor antagonist drug was able to block the robust locomotor response seen
following the scopolamine and ethanol drug combination. SCH-23390 pretreatment also had
no significant effect on the locomotor response to scopolamine alone. These data suggest
that muscarinic receptor antagonism robustly enhances ethanol-induced locomotor activity,
and that the dopamine system is not responsible for this super-additive response.

A Role for Muscarinic Receptors in the Behavioral Response to Stimulants
As seen here and in published work (Bergstrom et al., 2003; Pohorecky et al., 1979),
scopolamine enhances locomotor activity on its own. Some data suggest that scopolamine
may have reinforcing properties (Ranaldi and Woolverton, 2002; Rasmussen and Fink-
Jensen, 2000). The interaction effect of scopolamine and ethanol was a robust phenomenon,
as we replicated this effect in 2 mouse models and again in the studies with dopaminergic
antagonists, and the effect was apparent at an early time period after drug administration.
The published literature on muscarinic involvement in locomotor stimulation following
drugs of abuse is scarce. Pretreatment with scopolamine has been shown to enhance
amphetamine-induced hyperactivity, while pretreatment with the muscarinic agonist
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oxotremorine reduced the stimulant response to amphetamine (Ichikawa et al., 2002; Wang
and McGinty, 1996). Microinfusion of scopolamine into the nucleus accumbens was able to
reverse an oxotremorine-induced reduction in number of cocaine infusions in a rat self-
administration paradigm (Mark et al., 2006). While not a measure of locomotor activity,
these data suggest that the muscarinic system is able to interact with other brain systems,
modulating psychostimulant reward-related behaviors. Data have not been published
examining the effect of scopolamine or other muscarinic drugs on ethanol-induced
stimulation. However, scopolamine has been shown to reverse ethanol-induced sedation in
rats (Pohorecky et al., 1979).

Combined treatment with scopolamine and ethanol had a similar overall effect on the
locomotor behavior of FAST and DBA/2J mice. In FAST mice, largely the magnitude, and
not the duration of stimulation was increased in mice treated with scopolamine plus ethanol,
compared to those treated with ethanol or scopolamine alone. In DBA/2J mice, both the
magnitude and duration of stimulation appeared to be increased by combined treatment with
some doses of scopolamine and ethanol. The reason for this difference between genotypes
appears likely to be due to the greater sensitivity of the DBA/2J mice to scopolamine alone,
compared to the sensitivity of FAST mice, which were generally less sensitive to
scopolamine. Additionally, genetic differences associated with selective versus nonselective
breeding of the FAST versus DBA/2J mice, and the difference in ethanol dose used in the 2
studies could have played a role. It is striking that similar super-additive stimulant responses
were seen in both FAST and DBA/2J mice in response to the drug combination, regardless
of their respective sensitivities to scopolamine alone.

The m4 and m5 mAChR subtype genes reside in the region of a quantitative trait locus
(QTL) in 2 gene mapping studies for acute locomotor stimulation to ethanol (Demarest et
al., 1999; Palmer et al., 2006). Pharmacological agents selective for these receptor subtypes
do not exist. However, site-specific infusion of scopolamine into regions where these
receptor subtypes are expressed (namely the VTA and substantia nigra), or the even more
selective approach of RNA interference of gene expression are possible methods for testing
their involvement. Studies with knockout mice suggest that mice lacking the m5 receptor
have reduced sensitivity to reinforcement from stimulant drugs of abuse (Basile et al., 2002;
Fink-Jensen et al., 2003; Thomsen et al., 2005; but see Yamada et al., 2001). The m5
knockout mice have not been tested for sensitivity to ethanol-induced stimulation, and mice
lacking the m4 mAChR subtype have not been tested for their locomotor response to any
drug with stimulant effects. Although there are other possible candidates in the QTL region,
that the mAChR subtype 2 gene resides in the region of a QTL for ethanol consumption in
both mice and humans is a finding that might further encourage continued research into the
involvement of muscarinic systems in ethanol-related behaviors (Dick et al., 2006; Edenberg
and Foroud, 2006; Phillips et al., 1998).

Cholinergic and Dopaminergic Neurocircuitry and Locomotor Stimulation
Acute ethanol injection causes an increase in extracellular levels of dopamine in the nucleus
accumbens (Di Chiara and Imperato, 1988; Yim and Gonzales, 2000). Dopaminergic
antagonists block this neurochemical response (Imperato and Di Chiara, 1988) as well as
behavioral stimulation to ethanol (Enggasser and De Wit, 2001; Phillips and Shen, 1996;
Risinger et al., 1992; Shen et al., 1995a). In vitro evidence suggests that the mAChR agonist
oxotremorine facilitates striatal dopamine release (Zhang et al., 2002). However, at low
doses, the mAChR antagonist scopolamine also enhances dopamine efflux in the nucleus
accumbens in vivo (Ichikawa et al., 2002), which is consistent with the locomotor activating
effect of this drug. Predicting the potential role of the muscarinic system in ethanol-related
neural and behavioral changes is not straightforward. Muscarinic antagonists at high doses
did not increase dopamine output from the nucleus accumbens in 1 study in Sprague-Dawley
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rats (Di Chiara and Imperato, 1988); however, low doses of scopolamine enhanced
dopamine release in the nucleus accumbens in another study in Sprague-Dawley rats
(Ichikawa et al., 2002). A low dose of scopolamine potentiated amphetamine-induced
dopamine release in the rat nucleus accumbens (Ichikawa et al., 2002). Most cholinergic
neurons in the striatum express m1, m2, and m4 receptor mRNA, indicating that
acetylcholine is able to inhibit its own release via presynaptic autoreceptors (Bernard et al.,
1992). Furthermore, dopamine is able to modulate acetylcholine release in the striatum (Di
Chiara et al., 1994). The lack of selective ligands for the mAChR subtypes has made
investigation more difficult.

In the current studies, neither SCH-23390 nor haloperidol significantly attenuated the robust
stimulant response seen after co-administration of scopolamine and ethanol, or the activation
induced by scopolamine alone. In the striatum, the m4 receptor subtype has been specifically
implicated as exerting an inhibitory effect on D1 dopamine neurons. Mice lacking the m4
receptor subtype were less sensitive to the locomotor depressant effects of haloperidol at a
dose comparable to the 1 used in this study, which was interpreted as a heightened
stimulatory dopamine D1 receptor presence. However, there were no differences in
sensitivity to the effects of SCH-23390 on locomotor activity between the knockout and
wild-type mice (Gomeza et al., 1999). Another group showed that while scopolamine was
able to rescue haloperidol-induced catalepsy in wild-type mice, it could not in m4 knockout
mice; however, the doses used were much higher (10 mg/kg scopolamine, 0.5 mg/kg
haloperidol) than used here and were given in an escalating fashion over a week-long period
of time (Karasawa et al., 2003). Furthermore, in that study the inactivation of muscarinic
receptors occurred prior to haloperidol administration, unlike ours.

While haloperidol’s interaction with the muscarinic system remains unclear from these
studies, our results that haloperidol dose-dependently attenuated acute stimulation to ethanol
indicates the effectiveness of the doses we used. The pattern of results shown in Fig. 6A
suggests that a higher dose of haloperidol might have significantly attenuated the effects of
scopolamine alone and of the scopolamine + ethanol drug combination. However, due to the
depressant effects of higher doses of haloperidol on locomotor activity, interpretation would
be difficult. In a previous study in DBA/2J mice, both the 0.015 and 0.03 mg/kg doses of
SCH-23390 reduced baseline locomotor activity (Dickinson et al., 2003); however, these
doses of SCH-23390 did not attenuate ethanol-induced conditioned place preference in
DBA/2J mice. In our previous work, although SCH-23390 decreased ethanol-induced
locomotion in FAST-1 mice, doses even as high as 0.045 mg/kg were not able to diminish
ethanol stimulation in FAST-2 mice (Shen et al., 1995a). The doses of SCH-23390 in the
current experiment were chosen to maximize effects on ethanol-induced stimulation while
minimizing effects on basal locomotor activity. The results suggestthatthe 0.015 mg/kg dose
of SCH-23390 had some effect on the ethanol response, but the retained stimulation in the
mice tested with 0.03 mg/kg SCH-23390 is not consistent with the linear effect that would
be predicted. Therefore, we must conclude that the smaller ethanol response in the mice
treated with 0.015 mg/kg SCH-23390 was due to sampling error and that D1 receptors have
little role in ethanol-induced locomotor stimulation in DBA/2J mice. We cannot rule out the
possibility that combined antagonism of D1 and D2 dopamine receptors would block the
extreme stimulant effect of scopolamine + ethanol or the stimulant response to scopolamine
alone (Shen et al., 1995a). In our previous work, haloperidol pretreatment attenuated
ethanol-stimulated activity in both FAST-1 and -2 mice, as did SCH-23390 in FAST-1, but
not FAST-2, mice (Shen et al., 1995a); thus, the D2 receptor may play a more consistent
role in ethanol-stimulated activity, as we found a significant effect of haloperidol, but not of
SCH-23390.
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Another possible explanation for our results is that scopolamine is enhancing locomotor
activity by blocking inhibitory cholinergic autoreceptors in the nucleus accumbens. In this
way, it could disinhibit GABAergic projection neurons to the ventral pallidum, serving to
increase locomotor activity via a dopaminergic-independent mechanism. This may explain
why the dopamine antagonists SCH-23390 or haloperidol did not block our robust stimulant
response to the scopolamine-ethanol drug combination. The m1, m2, and m4 receptor
subtypes have all been suggested to be presynaptic autoreceptors in the striatum and
hippocampus (Bernard et al., 1992; Smythies, 2005; Zhou et al., 2003). Furthermore,
baseline acetylcholine levels are higher in mice lacking the m4 receptor subtype than in their
wild-type counterparts, and when infused through a probe located in the nucleus accumbens,
scopolamine markedly increased acetylcholine efflux in the wild-type but not in knockout
mice (Tzavara et al., 2004). In addition, we cannot rule out the possibility that the response,
suggestive of synergism, is mediated by other neurotransmitter systems, for example,
glutamate (Di Chiara et al., 1994; Gras et al., 2008; Zhou et al., 2003).

CONCLUSIONS
The similar results seen here in 2 genetic mouse models of high sensitivity to the stimulant
effects of ethanol, suggest that mAChRs can have an impact on ethanol-induced stimulation.
The interactive response to combined scopolamine and ethanol indicates an effect that
cannot be explained by simple additive effects on a common neurochemical pathway, nor
does dopamine appear to be involved in the robust response. Scopolamine has clinical
usefulness as an aid in the treatment of motion sickness (Renner et al., 2005). Although
prescribed doses generally cause sedation, and for this reason the combination of
scopolamine and alcohol is contraindicated (Pappano, 2007; Renner et al., 2005), it is
possible that people could take lower scopolamine doses within the stimulant range. Our
data suggest that lower doses of scopolamine may actually potentiate the stimulant effects of
low ethanol doses. Scopolamine is also used to treat morphine addiction in humans. Studies
with rats have shown that repeated scopolamine pretreatment or co-administration with
morphine attenuated morphine tolerance and withdrawal symptoms (Xiang et al., 2006;
Zhou et al., 1999). While none of these studies addressed the acute effects of scopolamine
on morphine responses, our results suggest that scopolamine could potentiate low dose
stimulant effects that have been seen after morphine treatment (Cunningham et al., 1992;
Marquez et al., 2008; Phillips et al., 1994; Puglisi-Allegra et al., 1986) or in combination
with other drugs that have stimulant effects. Overall, muscarinic receptor-mediated
mechanisms remain attractive targets in the study of ethanol-induced locomotor stimulation.
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Fig. 1.
Scopolamine pretreatment enhances the magnitude of stimulation to ethanol in FAST mice.
Shown are Day 3 minus Day 2 drug stimulation scores for each 5-minute time bin of the 30-
minute test. Mice were treated with saline or scopolamine followed 10 minutes later by
saline or ethanol; locomotor activity was assessed for 30 minutes following the second
injection; n = 23 to 24 female FAST mice/group. (A) Shown are data for mice treated with
scopolamine then saline(0g/kg ethanol). (B) Shown are data for mice treated with
scopolamine then 1 g/kg ethanol. (C) Shown are data for mice treated with scopolamine then
2 g/kg ethanol.
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Fig. 2.
Scopolamine and ethanol synergistically enhance locomotor activity in FAST mice. Shown
are Day 3 minus Day 2 drug stimulation scores. Mice were treated with saline or
scopolamine followed 10 minutes later by saline or ethanol treatment. Locomotor activity
was assessed for 30 minutes following the second injection; n = 23 to 24 female FAST mice/
group. (A) Shown are data from the first 5 minutes of the total 30-minute test. #Significant
difference between activity levels of 0 mg/kg scopolamine + 1g/kg ethanol and those
receiving 0.5 mg/kg scopolamine + 1 g/kg ethanol (p < 0.05). @Significant difference
between activity levels of 0 mg/kg scopolamine + 0 g/kg ethanol and those receiving 0 mg/
kg scopolamine + 2 g/kg ethanol (p < 0.05). (B) Shown are cumulative data for the 30-
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minute test. The inset shows the response to the combined 0.5 mg/kg dose of scopolamine
and the 1 g/kg dose of ethanol, compared to each dose alone, to illustrate the super-additive
effect. *Significant difference between activity levels of 0 mg/kg scopolamine + 0 g/kg
ethanol and those receiving 0.5 mg/kg scopolamine + 0 g/kg ethanol (p < 0.05). #Significant
difference between activity levels of 0 mg/kg scopolamine + 1 g/kg ethanol and those
receiving 0.5 mg/kg scopolamine + 1 g/kg ethanol (p < 0.05). %Significant difference
between activity levels of 0 mg/kg scopolamine + 2g/kg ethanol and those receiving 0.25–
0.5 mg/kg scopolamine + 2 g/kg ethanol (p < 0.05). @Significant difference between
activity levels of 0mg/kg scopolamine + 0 g/kg ethanol and those receiving 0 mg/kg
scopolamine + 2 g/kg ethanol (p < 0.05).
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Fig. 3.
Scopolamine pretreatment enhances the magnitude and duration of stimulation to ethanol in
DBA/2J mice. Shown are Day 3 minus Day 2 drug stimulation scores for each 5-minute
time bin of the 30-minute test. Mice were treated with saline or scopolamine followed 10
minutes later by saline or ethanol treatment; locomotor activity was assessed for 30 minutes
following the second injection; n = 11 to 12 female DBA/2J mice/group. (A) Shown are data
for mice treated with scopolamine then saline (0 g/kg ethanol). (B) Shown are data for mice
treated with scopolamine then 0.75 g/kg ethanol. (C) Shown are data for mice treated with
scopolamine then 1.5 g/kg ethanol.
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Fig. 4.
Scopolamine and ethanol synergistically enhance locomotor activity in DBA/2J mice.
Shown are Day 3 minus Day 2 drug stimulation scores. Mice were treated with saline or
scopolamine followed 10 minutes later by saline or ethanol treatment. Locomotor activity
was assessed for 30 minutes following the second injection; n = 11 to 12 female DBA/2J
mice/group. (A) Shown are data from the first 5 minutes of the total 30-minute test.
*Significant difference between activity levels of 0 mg/kg scopolamine + 0 g/kg ethanol and
those receiving 0.25–0.5 mg/kg scopolamine + 0 g/kg ethanol (p < 0.05). #Significant
difference between activity levels of 0 mg/kg scopolamine + 0.75 g/kg ethanol and those
receiving 0.125–0.5 mg/kg scopolamine + 0.75 g/kg ethanol (p < 0.05). &Significant
difference between activity levels of 0 mg/kg scopolamine + 0 g/kg ethanol and those
receiving 0 mg/kg scopolamine + 2 g/kg ethanol (p < 0.05). %Significant difference between
activity levels of 0 mg/kg scopolamine + 1.5 g/kg ethanol and those receiving 0.25–0.5 mg/
kg scopolamine + 1.5 g/kg ethanol (p < 0.05). (B) Shown are cumulative data for the 30-
minute test. The inset illustrates the response to the combined 0.125 mg/kg dose of
scopolamine and the 0.75 g/kg dose of ethanol, compared to each dose alone, to illustrate the
super-additive effect. *Significant difference between activity levels of 0 mg/kg
scopolamine + 0 g/kg ethanol and those receiving 0.25–0.5 mg/kg scopolamine + 0 g/kg
ethanol (p < 0.05). #Significant difference between activity levels of 0 mg/kg scopolamine +
0.75 g/kg ethanol and those receiving 0.125–0.5 mg/kg scopolamine + 0.75 g/kg ethanol (p
< 0.05). %Significant difference between activity levels of 0 mg/kg scopolamine + 1.5 g/kg
ethanol and those receiving 0.25–0.5 mg/kg scopolamine + 1.5 g/kg ethanol (p < 0.05).
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Fig. 5.
SCH-23390 has no effect on scopolamine-, ethanol-, or scopolamine + ethanol-induced
locomotor activity. Shown are Day 3 minus Day 2 drug stimulation scores. Mice were
treated with saline or SCH-23390 followed 15 minutes later by saline or scopolamine
followed 10 minutes later by saline or ethanol treatment. Locomotor activity was assessed
for 30 minutes following the third injection; n = 14 to 15 female DBA/2J mice/group. (A)
Shown are cumulative data for the first 5 minutes of the test. *Significant difference in
activity levels between 0 mg/kg SCH-23390 + 0 mg/kg scopolamine + 0 g/kg ethanol and 0
mg/kg SCH-23390 + 0.5 mg/kg scopolamine + 0 g/kg ethanol (p < 0.05). #Significant
difference in activity levels between 0 mg/kg SCH-23390 + 0 mg/kg scopolamine + 0 g/kg
ethanol and 0 mg/kg SCH-23390 + 0 mg/kg scopolamine + 1.5 g/kg ethanol (p < 0.05).
%Significant difference in activity levels between 0 mg/kg SCH-23390 + 0 mg/kg
scopolamine + 1.5 g/kg ethanol and 0 mg/kg SCH-23390 + 0.5 mg/kg scopolamine + 1.5 g/
kg ethanol (p < 0.05). (B) Shown are cumulative data for the total 30-minute test period.
*Significant difference in activity levels between 0 mg/kg SCH-23390 + 0 mg/kg
scopolamine + 0 g/kg ethanol and 0 mg/kg SCH-23390 + 0.5 mg/kg scopolamine + 0 g/kg
ethanol (p < 0.05). %Significant difference in activity levels between 0 mg/kg SCH-23390 +
0mg/kg scopolamine + 1.5 g/kg ethanol and 0 mg/kg SCH-23390 + 0.5 mg/kg scopolamine
+ 1.5 g/kg ethanol (p < 0.05).
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Fig. 6.
Haloperidol attenuates ethanol’s stimulant effects alone but not the locomotor activation
following scopolamine or the scopolamine + ethanol combination. Shown are Day 3 minus
Day 2 drug stimulation scores. Mice were treated with saline or haloperidol followed 2
minutes later by saline or scopolamine followed 10 minutes later by saline or ethanol
treatment. Locomotor activity was assessed for 30 minutes following the third injection; n =
11 to 12 female DBA/2J mice/group. (A) Shown are cumulative data for the first 5 minutes
of the test. *Significant difference in activity levels between 0 mg/kg haloperidol + 0 mg/kg
scopolamine + 0 g/kg ethanol and 0.16 mg/kg haloperidol + 0 mg/kg scopolamine + 0 g/kg
ethanol (p < 0.05). #Significant difference in activity levels between 0 mg/kg haloperidol +
0 mg/kg scopolamine + 0 g/kg ethanol and 0 mg/kg haloperidol + 0 mg/kg scopolamine +
1.5 g/kg ethanol (p < 0.05). &Significant difference in activity levels between 0 mg/kg
haloperidol + 0 mg/kg scopolamine + 0 g/kg ethanol and 0 mg/kg haloperidol + 0.5 mg/kg
scopolamine + 0 g/kg ethanol (p < 0.05). @Significant difference in activity levels between
0 mg/kg haloperidol + 0 mg/kg scopolamine + 0 g/kg ethanol and 0 mg/kg haloperidol + 0.5
mg/kg scopolamine + 1.5 g/kg ethanol (p < 0.05). %Significant difference in activity levels
between 0 mg/kg haloperidol + 0 mg/kg scopolamine + 1.5 g/kg ethanol and 0.08–0.16 mg/
kg haloperidol + 0 mg/kg scopolamine + 1.5 g/kg ethanol (p < 0.05). (B) Shown are
cumulative data for the total 30-minute test. &Significant difference in activity levels
between 0 mg/kg haloperidol + 0 mg/kg scopolamine + 0 g/kg ethanol and 0 mg/kg
haloperidol + 0.5 mg/kg scopolamine + 0 g/kg ethanol (p < 0.05). @Significant difference in
activity levels between 0 mg/kg haloperidol + 0 mg/kg scopolamine + 0 g/kg ethanol and 0
mg/kg haloperidol + 0.5 mg/kg scopolamine + 1.5 g/kg ethanol (p < 0.05).

Scibelli and Phillips Page 23

Alcohol Clin Exp Res. Author manuscript; available in PMC 2010 April 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Scibelli and Phillips Page 24

Ta
bl

e 
1

Ex
pe

rim
en

t I
 a

nd
 II

 M
ea

n 
(±

SE
M

) B
EC

 V
al

ue
s (

m
g/

m
l) 

30
 M

in
ut

es
 A

fte
r E

th
an

ol
 In

je
ct

io
n

Sc
op

ol
am

in
e 

do
se

 (m
g/

kg
)

E
th

an
ol

 d
os

e 
(g

/k
g)

0
0.

06
25

0.
12

5
0.

25
0.

5

Ex
pe

rim
en

t I

 
FA

ST
-1

 
 

1
0.

72
 ±

 0
.0

4
0.

79
 ±

 0
.0

9
0.

67
 ±

 0
.0

8
0.

72
 ±

 0
.0

6
0.

74
 ±

 0
.0

5

 
 

2
1.

94
 ±

 0
.0

3
1.

67
 ±

 0
.1

8
1.

72
 ±

 0
.1

7
1.

82
 ±

 0
.1

1
1.

82
 ±

 0
.1

 
FA

ST
-2

 
 

1
0.

67
 ±

 0
.0

6
0.

76
 ±

 0
.0

2
0.

80
 ±

 0
.0

2
0.

76
 ±

 0
.0

2
0.

77
 ±

 0
.0

2

 
 

2
2.

07
 ±

 0
.1

4
2.

03
 ±

 0
.2

2.
15

 ±
 0

.0
7

1.
91

 ±
 0

.1
8

2.
05

 ±
 0

.2

Ex
pe

rim
en

t I
I

 
D

B
A

/2
J

 
 

0.
75

0.
38

 ±
 0

.0
4

0.
45

 ±
 0

.0
5

0.
47

 ±
 0

.0
3

0.
46

 ±
 0

.0
7

0.
44

 ±
 0

.0
4

 
 

1.
5

1.
34

 ±
 0

.0
6

1.
47

 ±
 0

.0
4

1.
37

 ±
 0

.0
5

1.
44

 ±
 0

.0
7

1.
41

 ±
 0

.0
8

Alcohol Clin Exp Res. Author manuscript; available in PMC 2010 April 20.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Scibelli and Phillips Page 25

Table 2

Experiment III and IV Mean (±SEM) BEC Values (mg/ml) 30 Minutes After Ethanol Injection

Scopolamine dose (mg/kg)

Ethanol dose (g/kg) 0 0.5

Experiment III

DBA/2J

SCH-23390 dose
 (mg/kg)

  1.5    0 1.36 ± 0.08 1.41 ± 0.10

  1.5    0.015 1.40 ± 0.09 1.48 ± 0.04

  1.5    0.03 1.40 ± 0.06 1.50 ± 0.03

Experiment IV

DBA/2J

Haloperidol dose
 (mg/kg)

  1.5    0 1.12 ± 0.07 1.18 ± 0.04

  1.5    0.08 1.07 ± 0.08 1.03 ± 0.08

  1.5    0.16 1.07 ± 0.13 1.16 ± 0.06
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