
Methamphetamine is one of the most widely abused 

drugs worldwide, and there is currently no medical cure 

for meth addiction. There is also a high rate of 

comorbidity between alcohol and meth addiction. The 

first step to developing cures to these diseases is 

discovering the neurological effects these drugs have 

on the brain. My research aims to determine whether a 

history of alcohol increases the risk of meth when using 

it for the first time.   

1. Our first objective is to simulate a binge-drinking 

history in mice. 2 hours of alcohol per day, and 

reaching a BAC of 0.08 is considered binge drinking 

by the NIAAA. We accomplished this using a 

modified drinking-in-the-dark paradigm, and allowed 

the mice to drink for 14 consecutive days.

2. Our second objective is to assess for the affinity of

first time meth exposure. This occurred after the 

binge-drinking period was complete, and we used 

conditioned place preference (CPP) as a tool to 

measure the effects of alcohol on the motivational 

valence of meth in the mice.   
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-0.25 mg/kg dose 

showed significant 

place preference 

for binge-drinking 

mice

-0.5, 1, and 2 

mg/kg doses 

showed no 

significant place 

preference

- 4 mg/kg dose 

showed significant 

place aversion for 

binge-drinking 

mice
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The mice were subjected 

to a modified 14-day 

drinking-in-the-dark 

paradigm. Each day, the 

mice were moved from 

the homeroom to the 

drinking room at 1 pm. 

The mice were 

habituated for 1 hour,

then given 4 

bottles of different 

ethanol 

concentrations (5, 

10, 20, and 40%). 

The bottles were 

weighed before
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INTRODUCTION
•Epidemiological data indicates a very high rate of co-abuse of alcohol and methamphetamine (MA) in humans; over 60% MA users report regular co-abuse with alcohol [1].

In addition, MA is the 3rd most co-abused drug for men suffering from Alcohol Use Disorder (AUD), and the 4th most co-abused drug for women suffering from AUD [2].

Despite the widespread understanding that MA and alcohol are often co-administered, the rewarding mechanism of co-administration in the brain is largely unclear.

•In laboratory animals, repeated alcohol exposure increases indices of excitatory glutamate neurotransmission, particularly within the nucleus accumbens (NAC), a region

implicated in the brain’s reward pathway [3,4]. Interestingly, recent, unpublished, studies in our laboratory indicate that repeated MA experience produces glutamate

changes within the NAC that are akin to those produced by repeated alcohol. In the cases of both drugs, this elevated glutamate state within the NAC promotes drug reward

and reinforcement. Together, these findings suggest a previously unconsidered possibility that MA and alcohol may have similar, presumably glutamate-related,

mechanisms of action that might account for their high rate of co-abuse.

•Our prior work indicates that a prior history of binge-drinking (see Procedures below) reduces oral MA self-administration under operant-conditioning procedures;

however, prior binge-drinking history increases the amount of MA consumed when presented in the home cage [5]. While the former data suggest that prior binge-drinking

blunts the reinforcing properties of MA, the latter data argue that binge-drinking increases MA reward. Thus, the present study examined how a history of binge-drinking

alters the motivational valence of MA, using place-conditioning procedures.

Figure 1: Prior binge-drinking blunts spontaneous locomotor activity. (A) Examination of the locomotor activity

during the pre- and post-conditioning tests, binge-drinking mice (Alcohol) exhibited lower basal locomotion,

relative to water-drinking (Water) controls [History effect: F(1,83)=6.72, p=0.01; Test effect: F(1,83)=71.12,

p<0.0001; interaction: p=0.29; no MA Dose effect or interactions, p’s>0.20]. (B) Likewise, Alcohol mice exhibited

less locomotion in response to each saline-conditioning injection [History effect: F(1,75)=4.68, p=0.03; no

History interactions, p’s>0.60]. (C) Finally, no group differences were observed in the extent to which the saline-

induced locomotion habituated over the course of conditioning [History X Dose ANOVA, p’s>0.10]. *p<0.05 vs.

Alcohol (main History effect); +p<0.05 (Test effect).

PROCEDURES

Figure 3: The dose-response function for MA CPP is shifted

upwards in male binge-drinking mice. The dose-response

function for MA-induced place-conditioning was shifted

upwards in alcohol-experienced mice (Fig. 2C) [History X Side:

F(1,75)=10.51, p=0.002; no Dose effect or interactions:

p’s>0.18]], with the 0.5, 2.0 and 4.0 mg/kg MA doses eliciting a

place-preference only in alcohol-experienced mice [for

alcohol-experienced mice, at 0.5 mg/kg: t(9)=2.45, p=0.04; at 2

mg/kg: t(7)=3.67, p=0.008; at 4 mg/kg: t(7)=3.53, p=0.01; for

water mice, all p’s>0.10]. The 1.0 mg/kg MA dose elicited a

place-preference in both drinking groups [for water, t(7)=3.17,

p=0.02; for alcohol, t(7)=3.22, p=0.02]. *p<0.05 vs. Alcohol;

+p<0.05 vs. CPP=0 sec (one-tailed t-tests)

MA Place-conditioning: The day following the last drinking

session, mice underwent a MA place-conditioning paradigm

involving 4, 15-min, pairings each of saline (SAL) and one of

several doses of MA (0.25 – 4 mg/kg) with distinct contexts.

Animals were then tested for compartment preference in a MA-free

state (Post-test). During each conditioning session, locomotor

activity was assayed to examine for cross-sensitization of

locomotor hyperactivity.

Binge Alcohol Drinking: Male C57BL/6J mice

were presented with 4 sipper tubes containing

5, 10, 20 or 40% alcohol (v/v) for 2 h/day,

beginning at 3 h into the circadian dark phase

for 5 days/week over 2 weeks. The volumes

consumed from each sipper tube was

determined daily by difference in bottle

weight. Control mice simply consumed water

from their home cage water bottle.

RESULTS-Males

Figure 2: Prior binge-drinking blunts acute MA-induced locomotion, but does not alter locomotor sensitization.

(A) Comparison of the acute locomotor response to MA (i.e., the total distance traveled during the first MA-

conditioning session) indicated lower locomotor activity, overall, in alcohol-experienced vs. water controls

[History effect: F(1.84)=6.27, p=0.014; Dose effect: F(4.84)=21.15, p < 0.0001; History X Dose: p=0.16]. (B)

However, there was no statistically significant effect of prior alcohol drinking history upon the change in MA-

induced locomotor activity observed across the four MA-conditioning sessions [Dose X MA Injection:

F(12,225)=6.28, p < 0.0001; no main History effect or interactions: all p’s > 0.11].

Binge-Drinking: Comparison of the mean total alcohol intake across the groups slated to be

conditioned with different doses of MA revealed no group differences [one-way ANOVA,

p=0.95], and the average total alcohol intake was 5.50  0.19 g/kg during the 2-h sessions.

Based on prior correlational work [6], this alcohol intake is predicted to elicit BAC above 100

mg%
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RESULTS-Females

Figure 4: Prior binge-drinking does not alter spontaneous locomotor activity in females. (A) Examination of the

locomotor activity during the pre- and post-conditioning tests indicated a test-dependent reduction in activity, but

no effect of prior binge-drinking history [History effect: p=0.41; Test effect: F(1,77)=90.64, p<0.0001; interaction:

p=0.99; no MA Dose effect or interactions, p’s>0.35]. (B) We also failed to detect any effect of binge-drinking upon

the locomotion expressed during saline-conditioning [History effect: p=0.75; Saline effect: F(3,207)=12.40, p<0.0001;

no History interactions, p’s>0.08]. A significant MA Dose X Saline interaction was detected [F(12,207)=1.91, p=0.04];

group differences were only apparent on the 3rd saline-conditioning session [F(4,78)=2.75, p=0.04; LSD test: 1

mg/kg > 2 & 4 mg/kg]. (C) Finally, the group difference in the extent of locomotor habituation was not significant

[History X MA Dose ANOVA, p’s>0.10]. *p<0.05 vs. Alcohol (main History effect); +p<0.05 (Test effect).
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Binge-Drinking: Comparison of the mean total alcohol intake across the groups slated to be

conditioned with different doses of MA revealed no group differences [one-way ANOVA,

p=0.93], and the average total alcohol intake was 5.20  0.1 g/kg during the 2-h sessions.

Based on prior correlational work [6], this alcohol intake is predicted to elicit BAC above

100 mg%. Interestingly, this intake was not statistically different from that exhibited males

[[Dose effect: F(2,243)=321.73, p<0.0001; Sex effect: p=0.41; interaction: p=0.22].
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Figure 5: Prior binge-drinking does not impact acute MA-induced locomotion or locomotor sensitization in

female mice. (A) Comparison of the acute locomotor response to MA revealed no group differences in locomotor

activity in females [Dose effect F[1,78)=10.62, p<0.0001; no History effect or interaction, p’s>0.19]. (B) Likewise,

no difference was observed with respect to the change in MA-induced locomotor activity observed across the

four MA-conditioning sessions [Dose effect: F(1,78)=29.97, p<0.0001; History effect and interactions, p’s>0.09].

Figure 6: Prior binge-drinking history does not alter the dose-

response function for MA CPP in female mice. The dose-

response function for MA-induced place-conditioning was

completely unaffected by prior drinking history [Side effect:

F(1,69)=7.70, p=0.007; all other p’s>0.22].

CONCLUSIONS

Herein, prior binge-drinking history: 1) lowered spontaneous hyper-activity in response to a novel environment; 2) reduced the locomotor response to an

acute MA injection; and 3) augmented the positive motivational valence of MA. However, all of these effects of binge-drinking were observed exclusively in

male subjects. The sex-specificity of the binge-drinking effects is particularly interesting as the alcohol consumption was comparable between the male and

female subjects tested and thus, cannot be attributed to differential alcohol intake. In adult males, a two-week history of binge-drinking under our procedures

augments protein indices of glutamate neurotransmission [e.g., 6,7] that are predicted to heighten the rewarding properties of MA, based on the results of

neuropharmacological studies [10]. Based on these behavioral data, future studies will test the hypothesis that female mice may be resilient to drinking-

induced glutamate adaptations, particularly within the nucleus accumbens, that promote the reinforcing and rewarding properties of MA.
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and after each session to calculate their alcohol intake. 

After the 14 days of drinking, the mice were tested for their 

meth affinity using a conditioned place preference (CPP) 

procedure. The mice were given saline injections in the 

morning and methamphetamine (MA) injections (0.25, 0.5, 

1, or 4 mg/kg) in the afternoon.

Future Directions

We found that, while there was 

a significant difference in the 

motivational valence of meth in 

water vs. binge-drinking mice, 

this was the only dose that 

showed significant place 

preference. The middle doses (0.5, 1, and 2 mg/kg) did 

show a general trend that drinking has an effect on the 

motivational valence of MA, however it was not statistically 

significant. Interestingly, the highest dose (4 mg/kg) 

showed a significant place aversion to MA. This is a

surprising result and would be interesting to study further.

• Increase sample size and sample diversity 

• Further investigate effect of highest dose


