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Abstract

Background—The results of several studies suggest that there may be common neurocircuits
regulating drug-seeking behaviors. Common biological pathways regulating drug-seeking would
explain the phenomenon that seeking for one drug can be enhanced by exposure to another drug of
abuse. The objective of the current study was to assess the time-course effects of acute cocaine
administration on alcohol seeking and relapse.

Methods—Alcohol-Preferring (P) rats were allowed to self-administer 15% ethanol (EtOH) and
water. EtOH-seeking was assessed through use of the Pavlovian Spontaneous Recovery (PSR)
model, while relapse EtOH drinking was assessed through use of the alcohol deprivation effect.

Results—Cocaine (0, 1 or 10 mg/kg), injected immediately, 30 min, or 4 hr prior to the 15t PSR
testing session, dose-dependently increased responding on the EtOH lever compared to extinction
responses and responding by saline controls. Under relapse conditions, cocaine given immediately
prior to the relapse session had no effect (1 mg/kg) or reduced responding (10 mg/kg). In contrast,
cocaine given 4 hr prior to the relapse session markedly enhanced EtOH responding compared to
saline.

Conclusion—The enhanced expression of EtOH-seeking and relapse behaviors may be a result
of a priming effect of cocaine on neuronal circuits mediating these behaviors. The effect of
cocaine on EtOH-relapse drinking is indicative of the complex interactions that can occur between
drugs of abuse; production of conflicting behaviors (immediate) and priming of relapse/seeking (4
hour delay).
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INTRODUCTION

The ability of drugs of abuse to elicit seeking for another drug of abuse is commonly
observed in human research. For example, access to one drug (cocaine or alcohol) during
abstinence in polydrug abusers increased self-reported craving for both cocaine and alcohol
(Fox et al., 2005). Marijuana exposure can increase self-reported craving for alcohol,
cocaine, tobacco, and other drugs of abuse (Fox et al., 2013; Filbery and DeWitt, 2012).
Alcohol consumption can increase the urge to smoke, and smoking or exposure to smoking
cues can increase the urge to consume alcohol (Sayette et al., 2005).

The cross-reactivity between drugs of abuse to elicit craving suggests there are common
mechanisms/pathways for the behavior. A quantitative meta-analysis of the response to drug
cues indicated that there was a convergence of activity within the anterior cingulate cortex,
right pallidum, and the mesolimbic dopamine system (ventral tegmental area and nucleus
accumbens) for alcohol, cocaine, and nicotine craving (Kuhn and Gallinat, 2011). The areas
determined to mediate craving may overlap with some areas considered to regulate drug
reward.

The hypothesis that there are common biological pathways promoting drug craving includes
an assertion that any compound that activates these neurocircuits should enhance drug-
seeking behaviors. The overlap between the neurocircuitries regulating drug reward and
drug-seeking has led to the postulation that exposure to a reinforcer that acts within the drug
reward system could stimulate learned drug-seeking behaviors which would increase the
likelihood of relapse drug use.

There are several reports indicating a common genetic predisposition to use cocaine and
alcohol, cross-sensitivity between the two drugs, an interaction between drug use, and cross-
reactivity for the expression of drug seeking. For example, there is a high prevalence rate for
alcoholics to have co-dependency for both alcohol and cocaine (Miller et al., 1989; Stinson
et al., 2005) and cocaine users are more likely to be diagnosed with alcoholism (Rounsaville
etal., 1991). Between 50% and 90% of cocaine users reported co-administering EtOH
during cocaine binges (Brookoff et al., 1996; Magura and Rosenblum, 2000). Co-
administration of alcohol during cocaine binges allows the user to prolong the euphoric
effects and diminish the anxiogenic effects of cocaine (Williamson et al., 1997). Mikkola et
al. (2001) reported that the mesolimbic dopamine (DA) system of alcohol preferring Alko
Alcohol (AA) rats is more readily sensitized to the effects of cocaine compared to the Alko
Non-Alcohol (ANA) rats. Selective breeding for high alcohol preference resulted in a
greater sensitivity to the reinforcing properties of cocaine within the nucleus accumbens
shell (AcbSh) of alcohol-preferring (P) rats compared to Wistar rats (Katner et al., 2011).

Intravenous (i.v.) self- administration of cocaine can increase EtOH intake (Knackstedt et
al., 2006). Pre-exposure to combined i.v. EtOH + cocaine solution enhanced responding for
EtOH (lkegami et al., 2002). Systemic administration of cocaine resulted in decreases
(Uemura et al., 1998) or had no effect (Cailhol and Mormede, 2000) on EtOH intake.
Collectively, these studies show that cocaine effects on EtOH intake are complex and may

Alcohol Clin Exp Res. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hauser et al.

Page 3

vary depending on the experimental protocol. Furthermore, these studies did not examine
the effects of cocaine on EtOH-seeking or EtOH intake under relapse drinking conditions.

To better understand the complex interactions between drugs of abuse on seeking and
relapse behaviors a temporal analysis of any effect should occur. The ability of priming
exposure to drugs of abuse to have persistent effects on drug-seeking has not been
adequately examined. The effects of nicotine on alcohol-seeking and relapse in P rats were
dependent on the interval between nicotine administration and testing (Hauser et al., 2012).
Therefore, it would be important to determine if the effects of cocaine on alcohol seeking
and relapse are limited to a short time frame or can persist for hours.

The objective of the current experiments was to determine the effects of cocaine on EtOH-
seeking and —relapse drinking in rats that readily self-administer pharmacologically relevant
levels of alcohol. EtOH-seeking was assessed with the Pavlovian Spontaneous Recovery
(PSR) model, a context-induced drug-seeking paradigm (c.f., Rodd-Henricks et al., 2002a,
b). EtOH-relapse drinking was assessed through the use of the alcohol-deprivation effect
paradigm; increase in alcohol consumption following a period of deprivation (c.f., McKinzie
et al., 1998; Rodd-Henricks et al., 2000; Rodd et al., 2003). In addition, a temporal analysis
for the effects of cocaine on EtOH-related behaviors was included in the experimental
design.

MATERIALS AND METHODS

Animals

Adult female P rats from the 551" — 56! generations weighing 250-325g at the start of the
experiment were used. Rats were maintained on a 12-hr reversed light-dark cycle (lights off
at 0900 hr). Food and water were available ad /ibitum throughout the experiment, except
during operant testing. The animals used in these experiments were maintained in facilities
fully accredited by the Association for the Assessment and Accreditation of Laboratory
Animal Care (AAALAC). All research protocols were approved by the institutional animal
care and use committee and are in accordance with the guidelines of the Institutional Care
and Use Committee of the National Institute on Drug Abuse, National Institutes of Health,
and the Guide for the Care and Use of Laboratory Animals (Institute of Laboratory Animal
Resources, Commission on Life Sciences, National Research Council 1996).

Operant Training

P rats were placed in the standard two-lever operant chamber, as previously described
(Rodd-Henricks et al., 2002a, b). Operant sessions were 60 min in duration and occurred
daily for 10 weeks (Rodd et al., 2006). The EtOH concentration used during self-
administration was 15% (vol/vol). During the initial 4 weeks of daily operant access, both
solutions (EtOH and water) were reinforced on a fixed ratio 1 (FR1) schedule. The response
requirement for EtOH was increased to an FR3 schedule for 3 weeks, and then to FR5
schedule for 3 weeks. After the P rats had established stable levels of responding on the FR5
schedule for EtOH and FR1 for water, they underwent 7 sessions of extinction (60 min/
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session), when neither water nor EtOH was available (Hauser et al., 2012; Rodd et al.,
2006).

Pavlovian Spontaneous Recovery (PSR) testing

After extinction training, all rats were maintained in the home cages for 14 days, before
being returned to the operant chambers for PSR testing . The FR5-FR1 schedule, lever
contingencies and dipper functioning were maintained, but EtOH and water were absent
during the 60 min/session, which were conducted for 4 consecutive sessions (Hauser et al.,
2012; Rodd et al., 2006). Four PSR sessions were conducted because previous studies
showed that exposure to EtOH odor cues or EtOH priming (Rodd-Henricks et al., 2002a, b)
and some drugs (Dhaher et al., 2010) may enhance PSR responding for more than one
session.

2.4 Relapse testing

Following the PSR phase of the experiment, all rats were maintained in the home cages for 7
days. Rats were then transferred to the operant chambers with both 15% EtOH and water
available for the 60 min sessions and the FR5-FR1 schedule lever contingencies and dipper
functioning were maintained, as previously described (Hauser et al., 2012; Rodd et al.,
2006).

Cocaine Effects on EtOH-Seeking and Relapse Drinking

Cocaine HCI was provided by the NIDA Drug Supply Program (Research Triangle Park,
NC). Cocaine HCI was dissolved in saline. The i.p. doses of cocaine used were 0, 1 and 10
mg/kg. Following extinction training, P rats were randomly assigned to groups that received
injections of cocaine (1 or 10 mg/kg) immediately, 30 min, or 4 hr prior to only the 15t PSR
test session (n = 7-8/dose/time point). To reduce the number of rats used in the experiment,
the saline group consisted of 12 rats equally distributed at each time point (n = 4/time point).

The same rats were also used to test the effects of cocaine during relapse responding, using a
counterbalanced design (i.e., rats that were administered 1 mg/kg cocaine immediately prior
to PSR test sessions were randomly assigned to separate groups that received vehicle or one
of the 2 doses of cocaine for all time points during relapse testing). For relapse testing, rats
received 1 or 10 mg/kg cocaine (nh = 7-8/group/time point) immediately, 30 min or 4 hr prior
to the first relapse session. Similarly, to reduce the number of rats used in the experiment,
the saline group consisted of 12 rats equally distributed at each time point (n = 4/time point).

2.6 Statistical Analyses

Overall operant responses (60 min) on the EtOH and water levers were analyzed with a
mixed factorial ANOVA with a between subject factors of dose and time point and a
repeated measure of ‘session’. For the PSR experiments, the baseline measure for the factor
of ‘session’ was the average number of responses on the EtOH (or water) lever for the last 3
extinction sessions. For the relapse studies, the baseline measure for the factor of ‘session’
was the average number of responses on the EtOH (or water) lever for the 3 sessions
immediately prior to extinction training. Operant EtOH responding data were also analyzed
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in 10-min blocks, which required the additional repeated measure of time. Post-hoc Tukey’s
b tests were performed to determine individual differences.

RESULTS
Cocaine Effects on EtOH-Seeking

In general, i.p. cocaine increased EtOH-seeking behavior during the 15t PSR session in a
dose-dependent manner at all 3 time points (Fig. 1A). All groups responded comparably
during the last 3 extinction sessions (p = 0.74). During PSR testing, examining the number
of responses on the lever previously associated with the delivery of EtOH (Fig. 1A)
indicated a significant effect of ‘session’ (F4 43 = 44.6; p < 0.001), ‘dose’ (Fp 46 = 12.3; p <
0.001), and a ‘session’ by ‘dose’ interaction (Fg gg = 4.5; p < 0.001), but no effect of ‘time
of injection” (p > 0.096). Rats treated with saline (all time points collapsed) displayed the
typical increase in responding on the lever previously associated with the delivery of EtOH
during the 15t PSR test session (p < 0.001). Regardless of the time that cocaine was
administered prior to PSR testing, cocaine increased EtOH-seeking (Fig. 1A). Collapsing
over all ‘time of injection’ groups, there was a significant effect of ‘dose’ for the 15t and 2nd
PSR test session (F 2 52 = 30.1; p < 0.001; F 5, 50 = 8.2; p < 0.001). Post-hoc comparisons
(Tukey’s b) indicated that, during the 15t PSR session, all groups were different from each
other (Fig. 1A; p < 0.001). During the 2" PSR session, the group administered 10 mg/kg
cocaine before the 15t PSR session was different from saline treated group (Fig. 1A; p <
0.001).

Analysis of responses on the lever previously associated with water revealed that there was a
significant effect of ‘session’ (F4, 32 = 14.0; p < 0.01), but there was no significant ‘dose’

(F 2 35=0.27; p=0.77), or “dose’ x ‘session time’ interaction (F g g6 = 1.19; p = 0.32).
There were no significant differences between the saline group compared to either cocaine
groups at any time point (Fig. 1B).

Time Course Effects of Cocaine on EtOH-Seeking

Examining the time course effects of cocaine within the 15t PSR session (Fig. 2) by holding
‘doses’ constant indicated a significant ‘time of injection’ x ‘session time” interaction

(F 10,32 = 4.6; p < 0.001) in rats administered either 1 or 10 mg/kg cocaine (saline group was
not different, p = 0.56). For both cocaine groups, the administration of cocaine 4 hr prior to
PSR testing stimulated EtOH lever responding within the first 20-min period (Fig. 2; top and
bottom panels). Cocaine administered immediately or 30 min prior to PSR testing increased
EtOH lever responding later in the operant session (40-60-min time period). Individual
ANOVAs performed for each time block indicated that in rats administered 1 mg/kg: a) the
4-hr group responded more than all other groups during the 0—20-min time period; b) the 30-
min group increased EtOH lever responding during the 40-50-min time period compared to
all other groups; and c¢) during the 50-60-min time period, all cocaine temporal groups
responded more than saline controls. In rats administered 10 mg/kg cocaine, the time block
analysis indicated that: a) the 30-min or 4-hr group displayed increased EtOH lever presses
during the 0-10-min period, b) all temporal groups displayed increased responding during
the 10-20 and 40-50-min time periods compared to saline; and c) the 4-hr group displayed
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elevated EtOH lever responding during the 50-60-min time period compared to the saline
group.

Cocaine Effects on EtOH Relapse Drinking

The effects of cocaine on EtOH responding under relapse conditions were dependent upon
the dose and time of injection (Fig. 3A). Cocaine administered immediately prior to the 15t
relapse test session reduced EtOH responding compared to the saline group, whereas
cocaine administered 30 min or 4 hr prior to EtOH relapse testing increased EtOH lever
responding compared to the saline group. There was a significant ‘session’ by ‘dose’ by
‘time of injection’ interaction (Fyg 180 = 2.0; p = 0.006) and ‘session’ effect (F5 42 = 23.9; p
< 0.001). Decomposing the interaction term by holding ‘time of injection’ constant indicated
that, for rats injected immediately prior to the EtOH relapse test session (top panel, Fig. 3A),
there was a significant ‘session’ x ‘dose’ interaction (F1g 26 = 4.0; p = 0.002). Individual
ANOVA:s indicated that there was a significant ‘dose’ effect during the 1! relapse session
(F2, 16 = 13.0; p < 0.001). Post-hoc comparisons indicated that all groups were different
from each other. Comparing baseline EtOH responding to the responding observed during
the 15t relapse session for the groups injected immediately prior to the session (top panel,
Fig. 3A) indicated: a) saline treated rats increased responding; b) 1 mg/kg cocaine injected
rats responded similar to baseline levels; and c) rats administered 10 mg/kg cocaine reduced
EtOH self-administration. In rats injected 30 min prior to EtOH relapse (middle panel, Fig.
3A), there was a significant *session’ by ‘dose’ interaction (F1g 22 = 3.6; p = 0.037). An
ANOVA performed on the 1st relapse session (p = 0.005) indicated that the 10 mg/kg
cocaine group responded significantly more than the saline group, but not more than the 1
mg/kg cocaine group. All groups responded more during the 15t relapse session compared to
baseline values (p values < 0.008). For rats injected 4 hr prior to EtOH relapse testing
(bottom panel, Fig. 3A), there was a significant effect of ‘dose’ during the 15t relapse session
(p = 0.006) with post-hoc comparisons indicating that all groups were different from each
other and were higher than baseline.

An additional way to decompose the significant 3-way interaction term would be to hold
‘dose’ constant. In rats injected with cocaine, there was a significant ‘session’ by ‘time of
injection” interaction (F1g, 32 = 2.3; p = 0.037); responding in rats injected with cocaine was
different between ‘time of injection’ cohorts (significant differences; 4 hr > 30 min >
immediate).

The average baseline for EtOH intake for the last 7 days of maintenance prior to the 15t
relapse session for the immediate, 30-min and 4-hr groups was estimated to be
approximately 1.3 g/kg in the 60-min session. These intakes are similar to those previously
reported and should produce blood EtOH levels greater than 80 mg% (Bell et al., 2014). The
saline groups’ average EtOH intakes for all time points increased to approximately 1.8 g/kg
during the 15t relapse session. The immediate effects of 1 mg/kg of cocaine on EtOH intake
remained the same compared to baseline, whereas 10 mg/kg cocaine reduced EtOH intake to
0.4 g/kg during the 15t relapse session. The 30-min and 4-hr delayed effects of cocaine
increased the estimated EtOH intakes as high as 2.5 and 3.5 g/kg/session, respectively.
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For responses on the water lever during relapse, there was a significant effect of ‘session’
(F731=7.16; p <0.05), ‘dose’ (F 2,32 = 4.5; p < 0.05), and ‘session time’ x ‘dose’
interaction (F 1464 = 2.44; p < 0.05). The ANOVA revealed that water lever responses
during 15t relapse session for the 4 hr cocaine group were significantly lower than the saline
group on (p < 0.05, Fig. 3B). However, there were no significant differences between groups
for the other time points (p > 0.05).

Time Course of Effects of Cocaine on EtOH Relapse Drinking

Examining the time course effects of cocaine on EtOH relapse during the 15t relapse session
(Fig. 4) indicated that the temporal profile of responding during EtOH relapse was
influenced by the dose of cocaine and ‘time of injection’. An analysis of the EtOH relapse
responding indicated by holding ‘dose’ constant, there was significant ‘time of injection’ x
‘session time” interaction (F1p 32 > 2.2; p < 0.043) in rats administered either 1 or 10 mg/kg
cocaine (saline group was not different, p = 0.68). Cocaine administered immediately prior
to EtOH relapse reduced responding throughout the 60 min session (top and bottom panel,
Fig. 4). Administering 1 mg/kg cocaine 30 min before the session, increased responding
compared to saline during the first 10 min (top panel, Fig. 4). P rats administered 1 mg/kg
cocaine 4 hr prior to EtOH relapse increased responding compared to saline during the 4t
and 6" 10-min blocks. Rats administered 10 mg/kg cocaine 30 min prior to testing (bottom
panel, Fig. 4), responded more than saline controls during the 15, 274, and 3" 10-min
blocks. Administration of 10 mg/kg cocaine 4 hr prior to EtOH relapse increased responding
during the 5™ and 6! 10-min periods compared to saline values.

DISCUSSION

The results of the current studies indicate that exposure to cocaine in a P rat can enhance the
expression of EtOH-seeking and relapse. The cross-reactivity between cocaine and EtOH-
seeking supports the assertion of common pathways for drug-seeking. The data also indicate
that a single exposure to cocaine can have a persisting effect on EtOH-seeking since cocaine
enhanced EtOH-seeking in P rats in a dose-dependent manner if administered immediately,
30 min, or 4 hr prior to the 15t PSR session (Fig.1A). The transference from drug-seeking to
drug-intake is complex between EtOH and cocaine, indicated by the current results that
cocaine enhanced EtOH relapse only if administered 30 min or 4 hr prior to the 15t EtOH
relapse session (Fig. 3A).

The cross-reactivity of cocaine to stimulate seeking behaviors for other drugs of abuse (in
cocaine naive animals) has been observed previously. Priming injections of cocaine can
enhance cocaine and heroin drug-seeking (De Vries et al., 1998). The present results
demonstrate that priming doses of cocaine can increase EtOH-seeking and relapse drinking.
These findings parallel human studies that indicate that cocaine can enhance alcohol relapse
behaviors (Fox et al., 2005).

Interestingly, priming injections of cocaine can reinstate natural rewards such as food-
seeking (c.f. Nair et al., 2009). However cocaine does not reliably induce food-seeking
behavior (c.f. Nair et al., 2009), suggesting that cocaine’s effect may be more specific to
drugs of abuse than natural awards.
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Previous studies suggest that cocaine’s effect on EtOH intake (McMillan and Snodgrass,
1991; Hudzik et al., 1993; Stromberg et al., 2002) may be dependent upon the time interval
between cocaine administration and testing. Immediate administration of cocaine prior to the
15t EtOH relapse session prevented enhanced responding, which resulted in no effect or a
reduction of relapse self-administration (Fig. 3A). It was only as the time interval increased
between the administration of cocaine and EtOH access that there was an enhancement in
EtOH-relapse responding, with the 4-hr interval showing the most robust responding (Fig.
3A). In addition, the results revealed that for the 4-hr interval group, EtOH responding was
highest during the 15t 10 min and the last 40-60 min of the 1t relapse session (Fig. 4),
suggesting that the effects of cocaine on the reinforcing actions of EtOH drinking persist for
at least 5 hr. Overall, the present findings are in line with previous studies that demonstrated
cocaine may initially reduce EtOH intake (McMillan and Snodgrass, 1991; Hudzik et al.,
1993) and that time of exposure may play a factor in shifting preference from cocaine during
the 15t hour to EtOH during 2"9-6t™" hour (Stromberg et al., 2002).

Administration of cocaine at all 3 time points prior to the 15t PSR session enhanced EtOH-
seeking (Fig. 1A). The difference observed between immediate cocaine prior to relapse and
EtOH-seeking is likely due to the availability of EtOH during relapse. Although there did
not appear to be a time-dependent factor on PSR responding (Fig.1A), examination of the
10-min blocks (Fig. 2) indicated that the effects of the immediate injections of cocaine to
enhance EtOH-seeking were more pronounced after 40 min, a similar effect was not
observed with relapse drinking (Fig. 4) In addition, it appears that the activation of EtOH-
seeking behavior by cocaine can persist for at least 4 hr after initial exposure to the lower
dose and up to 24 hr with the higher dose (Fig. 1A), effects which were not observed with
relapse drinking (Fig. 3A). Previous studies demonstrated that a single administration of
cocaine can induce long-lasting effects on glutamatergic synaptic long-term potentiation on
DA neurons in the VTA (Ungless et al., 2001) and increase extracellular glutamate 24 hr
after administration (McKee and Meshul, 2005). Therefore, it is possible that prolonged
heighten activation of certain neuronal pathways by cocaine is the basis of the persistent
effect on EtOH-seeking behavior.

Cocaine and EtOH reinforcing effects are mediated primarily via the mesolimbic DA system
and they can act on similar neuronal mechanisms and neural substrates that may contribute
to co-abuse of both drugs. Intracranial self-administration studies have shown that DA
and/or 5-hydroxytryptamine-3 (5-HT3) receptor mediated neuronal activity within the
posterior ventral tegmental area (pVVTA) and/or nucleus accumbens shell are involved in
mediating the reinforcing actions of EtOH (Rodd-Henricks et al., 2000; Rodd-Henricks et
al., 2003; Rodd et al., 2004; Engleman et al., 2009) and cocaine (Rodd et al., 2002c; Rodd et
al., 2005c). In addition, other studies indicated the involvement of 5-HT3 receptors in the
actions of cocaine (Briscione et al., 2013; Kankaanpaa et al., 2002; King et al., 2002). The
activation of the mesolimbic DA system is also thought to be involved in mediating
compulsive drug seeking and relapse behaviors (Robinson and Berridge, 1993). Evidence
indicates that the activation DA (Hauser et al., 2011) and 5-HT3 (Hauser et al., 2014)
receptors within the mesolimbic DA system are involved in mediating EtOH-seeking
behavior. Furthermore, it is thought that drugs of abuse can prime responding by activating
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the mesolimbic DA system, which can become sensitized upon repeated drug use in a long
lasting manner (Robinson and Berridge, 1993).

Neuroadaptations of the mesolimbic DA system can occur after chronic drinking. Prolonged
or repeated EtOH exposure in P rats can lead to neuroadaptive changes in basal DA (Thielen
et al., 2004; Smith and Weiss, 1999) and 5-HT neurotransmission (Thielen et al., 2004), as
well as alterations in D2 autoreceptors (Thielen et al., 2004; Engleman et al., 2003) and 5-
HT3 receptors (Thielen et al., 2004) and increased sensitivity of the mesolimbic DA system
to the reinforcing effects of EtOH (Rodd et al., 2005a, b). Collectively, the reinforcing
effects of cocaine priming doses and the increased sensitivity of the mesolimbic DA system
induced by a prior history of EtOH may be factors contributing to the immediate and
delayed effects of cocaine on EtOH-seeking and relapse. However, it is likely that other
pathways may be involved that differentially mediate EtOH-seeking and EtOH-relapse
drinking behaviors.

The effects of immediate administration of cocaine on relapse behavior may be due to
several factors. Pharmacokinetics studies have shown that EtOH can elevate concentrations
of cocaine (Perez-Reyes and Jeffcoat 1992; Dean et al., 1992; Farre et al., 1993; Pan and
Hedaya, 1999), suggesting that EtOH may increase bioavailability of cocaine when both
drugs are administered together. An increase bioavailability of cocaine may result in the
animals needing less EtOH. However, others have not found any pharmacokinetics changes
of cocaine by EtOH (Fowler et al., 1992). The co-administration of low doses of cocaine
with EtOH can potentiate EtOH induced excitation of DA VTA neurons (Bunney et al.,
2000), leading to higher DA neurotransmission levels compared to cocaine or EtOH alone
(Lindholm et al., 2001). However, higher cocaine concentrations can inhibit EtOH induced
excitation of DA VTA neurons (Bunney et al., 2000). Therefore, it is possible that the
combined effects of low-dose cocaine with EtOH may prevent enhanced responding for
EtOH during relapse because cocaine may be substituting for EtOH. The reduced
responding for EtOH during relapse with the higher dose of cocaine may be a result of
cocaine preventing the effects of EtOH on VTA DA neurons. The finding that the immediate
injection of the high dose of cocaine enhanced responding in the PSR test but inhibited
responding under EtOH relapse conditions suggests that different mechanisms may be
mediating EtOH -seeking and —relapse drinking behaviors.

A report by Ding et al., (2012) indicated interactions between EtOH and cocaine within the
brain reward system. These findings indicated that Wistar rats will self-administer sub-
threshold concentrations of EtOH and cocaine directly into the pVTA when given together,
suggesting that EtOH and cocaine can act synergistically to promote reinforcing effects.
These results support an interpretation that an interaction between the two drugs may be
altering EtOH relapse behaviors (i.e, low concentrations of cocaine enhance the rewarding
properties of EtOH).

The half-life of i.p. administration of cocaine in rats is approximately 30 to 50 min (Lau et
al., 1991; Pan and Hedaya, 1999). One major metabolite of cocaine is norcocaine, which

increases gradually following administration of cocaine, although it has a half-life of only
30-50 min (Pan and Hedaya, 1999). Norcocaine is thought to be more potent than cocaine
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because it can induce higher DA levels at much lower dose than cocaine (Pan and Hedaya,
1999) and this may contribute to the delayed response following the immediate injection, as
well to early responses following the 30-min and 4-hr injection intervals in the PSR test

(Fig. 2).

Cocaine’s robust enhancing effects were specific to responses on the EtOH lever compared
to responses on the water lever. In the 15! PSR test session, there were no significant effects
of cocaine compared to saline controls on responses on the water lever at either dose or at
any of the time intervals (Fig. 1B). In the 15t relapse session, responses on the water lever
were not significantly elevated above saline values at either dose or at any of the time
intervals (Fig. 4). Taken together, the lack of effect of cocaine on responding on the water
lever during EtOH-seeking (Fig. 1B) or relapse (Fig. 3B) supports the idea that cocaine is
stimulating EtOH goal-directed behavior and is not merely stimulating general motor
activity.

In conclusion, the present findings suggest that a single dose of cocaine can have persisting
effects on neuronal circuits regulating EtOH-seeking and EtOH relapse. These persisting
effects could contribute to the co-use and co-abuse of alcohol and cocaine. The data also
supports the hypothesis that exposure to a different agent that activates the drug reward
pathway can elicit/enhance seeking behaviors for a previously obtainable reinforcer. This
evidence of cross-reactivity between drugs of abuse on seeking behaviors supports the
theory of a common biological system regulating drug-seeking.
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Fig. 1.

(A) Mean (xS.E.M.) responses per session on the lever previously associated with the
delivery of EtOH in P rats given i.p. saline (n = 4/time point) or 1 or 10 mg/kg cocaine (n =
7-8/dose/time point) immediately, 30 minute or 4 hour prior to only the 15t PSR session. (*)
indicates that rats administered saline or cocaine immediately, 30 minute or 4 hour prior to
the 15! PSR responded significantly (p < 0.05) more on the EtOH lever during the 15t PSR
session compared to extinction baseline levels. (#) indicates higher responding by the 10
mg/kg cocaine group during the1st PSR session compared to the saline and 1 mg/kg cocaine
groups (p<0.05), and responding by the 1 mg/kg cocaine group was higher than the saline
group. Plus (+) indicates that the 10 mg/kg group had higher EtOH responding during the
2"d PSR session compared to extinction baseline levels. (B) Mean (+S.E.M.) responses per
session on the lever previously associated with the delivery of water in P rats given i.p.
saline (n = 4/time point) or 1 or 10 mg/kg cocaine (n = 7-8/dose/time point) immediately, 30
minute or 4 hour prior to only the 15t PSR session.
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Fig. 2.
Mean (£S.E.M.) responses per 10-minute block during the 15t PSR test session on the lever

previously associated with the delivery of EtOH in P rats given i.p. saline (n = 4/time point)
or 1 or 10 mg/kg cocaine (n = 7-8/dose/time point) immediately, 30 minute or 4 hour prior
to session. Upper Panel: (*) indicates that rats administered 1 mg/kg cocaine 4 hour prior to
the session responded significantly (p < 0.05) more on the EtOH lever during 0-20 minute
of PSR testing compared to all the other group, whereas 1 mg/kg cocaine administered 30
minute prior to PSR testing increased EtOH lever responses during 40-50-minute time
period compared to all other groups. (+) indicates that, during the 6t 10-minute block, all
temporal groups that received 1 mg/kg responded more than saline group. L ower Panel: (*)
indicates that rats administered 10 mg/kg cocaine displayed elevated EtOH responding
during the 2"d and 5% 10-minute block compared to saline. (+) indicates that 10 mg/kg
cocaine given 30 minute or 4 hour prior to PSR testing displayed increased responding
during the 15t 10-minute block and 10 mg/kg cocaine given 4 hour prior to PSR testing
elevated EtOH lever presses during the 6" 10-minute block.
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Fig. 3.

(Ag) Mean (xS.E.M.) responses per session on the EtOH lever by P rats given i.p. saline (n =
4/time point) or 1 or 10 mg/kg cocaine (n = 7-8/dose/time point) immediately, 30 minute or
4 hour prior to only the 15t EtOH relapse session. Upper Panel: (*) indicates that rats
administered saline responded significantly (p < 0.05) more on the EtOH lever during the 15t
relapse session compared to baseline levels. (#) indicates that 10 mg/kg dose cocaine
decreased EtOH lever responding during the 1t relapse session compared to the saline group
or baseline values. Middle Pandl: (*) indicates that rats administered saline, 1 mg/kg and 10
mg/kg cocaine responded significantly (p < 0.05) more on the EtOH lever during the 15t
relapse session compared to baseline levels. (#) indicates that responses by the 10 mg/kg
cocaine group during the 15t relapse session were higher than the saline group (p<0.05).
Lower Panel: (*) indicates that rats administered saline, 1.0 and 10 mg/kg of cocaine
responded significantly (p < 0.05) more on the EtOH lever during the 15t EtOH relapse
session compared to baseline levels. (#) indicates that responding by the 10 mg/kg cocaine
group was significantly more during the 15t relapse session compared to the saline and 1
mg/kg groups (p<0.05), and responding by the 1 mg/kg cocaine group was higher than the
saline group. (B) Mean (+S.E.M.) responses per session on the water lever by P rats given
i.p. saline (n = 4/time point) or 1 or 10 mg/kg cocaine (n = 7-8/dose/time point)
immediately, 30 minute or 4 hour prior to only the 15t water relapse session. L ower Panel:
(*) indicates that rats administered 1 or 10 mg/kg cocaine 4 hours prior to the session
responded significantly (p < 0.05) less on the EtOH lever compared to saline.
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Fig. 4.

Mean (£S.E.M.) responses per 10-minute block during the 15t relapse session on the EtOH
lever by P rats given i.p. saline (n = 4/time point) or 1 or 10 mg/kg of cocaine (n = 7- 8/
dose/time point) immediately, 30 minute or 4 hour prior to only the session. Upper Panel:
(*) indicates that rats administered 1 mg/kg cocaine immediately prior to the relapse test
responded significantly (p < 0.05) less on the EtOH lever during 15t and 2" 10-minute block
compared to all other groups, and the group given cocaine 4 hour prior to the session
increased EtOH responding during 4™ and 6! 10-minute block compared to saline values.
Lower Panel: (*) indicates that rats (a) administered 10 mg/kg cocaine immediately prior to
the session responded significantly (p < 0.05) less on the EtOH lever during the 15t 10-
minute block compared to all the other groups; (b) administered 10 mg/kg cocaine
immediately or 4 hour prior to the session had lower responding compared to other 2 groups
during the 2"d 10-minute block; (c) 10 mg/kg cocaine given 30-minute prior to relapse
testing increased EtOH responding significantly more compared to saline during the 15t, 2nd,
and 3" 10-minute block ; and (d) 10 mg/kg cocaine given 4 hour prior to session increased
EtOH responding during the 5t and 6t 10-minute block compared to saline.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2015 October 01.



