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Abstract

A preclinical model that includes measures of alternative behavior and drug-seeking could
improve our understanding of the processes involved in successful recovery; however current
preclinical models of relapse do not measure alternative behavior. We assessed the persistence of
food-maintained responding and the resumption of ethanol-maintained responding after ethanol-
maintained responding was reduced by changing the response requirement for concurrently
available food. Ethanol (10% wi/v) was always available following 5 responses (FR5). A 16 kHz
tone indicating food delivery followed 150 responses (FR150) resulted in ethanol-predominate
responding and substantial amounts of ethanol were earned (0.47 g/kg per 30-min session) and
consumed. An 8 kHz tone indicating food delivery followed 5 responses (FR5) for 1, 2, 4, or 16
consecutive sessions reduced ethanol-maintained responding despite unchanged ethanol
availability. Ethanol-maintained responding resumed upon subsequent presentation of the 16 kHz
tone. However, more responses occurred on the food lever before 5 responses occurred on the
ethanol lever as the number of preceding FR5 food sessions increased. These results suggest that
alternative reinforcement may reduce control by discriminative stimuli that occasion ethanol-
seeking and is consistent with the risk of relapse declining with longer periods of recovery because
of the strength of alternative behavior.
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1. Introduction

Preventing relapse is essential to the successful maintenance of recovery from addiction
(Brownell et al., 1986). Relapse prevention strategies could benefit from a better
understanding of the underlying processes and mechanisms of relapse, which animal models
may facilitate (Conklin and Tiffany, 2002). The reinstatement procedure (Stretch and
Gerber, 1973; de Wit and Stewart, 1981) is currently the most commonly used model of
relapse.
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In the reinstatement procedure, animals are trained to respond to self-administer alcohol or
drug. This responding is then reduced by removing access to alcohol or drug (extinction).
Relapse is then assessed by measuring the persistence of resumed responding during
extinction after various treatments. For example, after cocaine-maintained responding in
monkeys or rats is extinguished, responding during extinction increases following
experimenter-administered amphetamine or cocaine (Stretch and Gerber, 1973; de Wit and
Stewart, 1981). In addition, de Wit and Stewart also observed modest reinstatement
following exposure to stimuli that had been paired with drug delivery (1981). Given that
exposure to drug-paired stimuli and drug use (a lapse) often precede relapse, these results
were promising.

Other variants of the reinstatement procedure have been developed. These procedures also
test for the ability of drug-administration or drug-paired stimuli to reinstate responding
during extinction. But, they differ in that drug self-administration is reduced by either
extinguishing behavior in the presence of a distinct discriminative stimulus, or by simply not
conducting experimental sessions (Crombag et al., 2008). Such designs allow reinstatement
to be assessed upon exposure to the discriminative stimulus that had signaled that drug or
alcohol was available. This is not possible when responding is established and extinguished
in the presence of the the same discriminative stimulus.

In all of these procedures, the experimenter withholds access to reduce responding
maintained by the drug. Yet, the use of extinction to model recovery has been questioned
(Katz and Higgins, 2003; Tiffany and Conklin, 2002). Tiffany and Conklin (2002) make the
point in the following manner: “Lapses by definition occur following some period of
abstinence... during this period of abstinence, it is highly unlikely that the addict is exposed
to some sort of extinction regimen in which he or she repeatedly engages in drug seeking
and drug taking but experiences no drug effect.” Similarly, while abstinence can occur
because of suspended access due to incarceration, hospitalization, or voluntary isolation, in
these situations problematic drug-seeking behaviors are not extinguished and drug
unavailability is unique to these particular situations (Conklin and Tiffany, 2002). This leads
to a high likelihood of relapse when familiar stimuli and contingencies are again
encountered upon returning home.

Behavioral therapies that encourage replacing substance use with alternative behavior have
been shown to be effective. For example, when alternative behavior is reinforced, regardless
of the occurrence of the problematic behavior, the problematic behavior declines (Athens
and Vollmer, 2010; Iguchi et al., 1997). This strategy has been shown to be effective at
reducing drug use and does so without requiring any change in drug availability. Thus,
recovery can be achieved by replacing drug use with alternative behavior rather than by
extinction or eliminating access.

Increasing the strength of alternative behavior could protect individuals from relapse when
they are re-exposed to cues that might precipitate relapse. However, if alternative behavior
occurs but goes unrewarded, drug-seeking eventually re-emerges, due to spontaneous
recovery or resurgence (Conklin and Tiffany, 2002; Podlesnik et al., 2006). If such a lapse
results in drug ingestion, drug-seeking quickly regains strength, and relapse may follow (Di
Ciano and Everitt, 2002; Crombag and Shaham, 2002). In contrast, robustly maintaining the
alternative behavior could keep the occurrence of drug-seeking low, even when cues that
had elicited seeking are again encountered. Therefore the occurrence and reinforcement of
alternative behaviors likely facilitates recovery, even in environments where drug-seeking
had predominated prior to recovery.
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Thus, strengthening alternative behavior to drug-seeking could be critical to successful
recovery. During extinction training, other behavior undoubtedly increases in frequency and
strength, but is not measured in the reinstatement procedure. Concurrent schedules can result
in allocation of responding between a lever that produces delivery of drug or ethanol and
another lever that provides an alternative. This provides an opportunity to study responding
reinforced by drug or ethanol delivery as well as by the alternative (Griffiths et al., 1975).
When the response requirement for the alternative is relatively high, responding maintained
by drug or ethanol often predominates (Nader and Woolverton, 1992). Conversely, when the
response requirement for the alternative is relatively low, responding maintained by the
alternative often predominates without any changes in the work requirements for drug or
ethanol (Samson et al., 1982). Finally, different stimuli can be associated with each set of
work requirements and responding can be brought under stimulus control such that in the
presence of one stimulus responding is predominately for food and in the presence of the
other, responding is predominately for drug or ethanol: all without any change in the
availability of drug or ethanol.

We were interested to see if such a procedure might be useful for studying relapse. Thus, we
trained rats in a discrete trial concurrent schedule procedure in which, in the presence of one
stimulus, food was delivered following 5 responses and in the presence of another stimulus,
food was delivered following 150 responses (fixed-ratio 150, FR150). In the presence of
either stimulus, ethanol was presented following 5 responses (FR5). Ethanol-maintained
responding predominated in the presence of the stimulus signaling food FR150. Food-
maintained responding predominated (and ethanol-maintained responding was almost
abolished) in the presence of the stimulus indicating food FR5. We were interested in
whether re-exposing rats to the stimulus signaling food FR150 would result in a resumption
of ethanol-maintained responding. Additionally, we examined whether longer intervening
periods of reduced ethanol-maintained responding (by presenting only food FR5 conditions)
affected food and ethanol responding upon re-exposure to food FR150 conditions.

2. Materials and Methods

2.1 Subjects

Male Lewis rats (Harlan, Frederick, MD) served as subjects (n=5). Rats were 6-weeks old
upon arrival, singly housed, and allowed one week to habituate with food and water
provided ad libitum. Subsequently, food was restricted to 12-15g/day in order to maintain
body weights of 280-320 g for the remainder of the study. Water was always available in the
rats’ cages. All procedures had prior approval of our Institutional Animal Care and Use and
Committee (Protocol 08124x) and were conducted in accordance with the Guide for the
Care and Use of Laboratory Animals (National Research Council, 1996).

2.2 Apparatus

Experiments occurred in a commercially available apparatus (ENV-008, Med Associates, St.
Albans, VT). On one wall, two levers were arranged horizontally, one on each side of the
wall. Equidistant between the levers was a receptacle providing access to 45 mg pellets
(Bio-Serve, Frenchtown, NJ) via a pellet dispenser and to a solution via a 0.1-ml retractable
dipper. Pink noise was generated in the procedure room to mask ambient noise. Chambers
also had a speaker connected to a tone generator (ANL- 926, Med Associates, St. Albans,
VT) that produced tones which served as stimuli. Stimuli presentation and reinforcement
delivery as well as data collection were accomplished by software written using a
commercially available programming language (Med-PC, Med Associates, St. Albans, VT).
Ethanol (95%) was obtained from Decon Labs, Inc. (King of Prussia, PA) and mixed with
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tap water to obtain a 10% (w/v) solution. Solutions were made fresh daily, and allowed to
reach room temperature before being provided to the rats.

Sessions were conducted on weekdays and were 30-min in duration. Initially, rats were
trained to respond on the left lever for 8% sucrose solution in the presence of a 16 kHz tone
presented at 80 dB. Except during test sessions (see below), responses on the appropriate
lever in the presence of the 16 kHz tone always resulted in presentation of 0.1 mL of the
solution and a changed the tone in the chamber to white noise, also presented at 80 dB. The
dipper remained accessible for 30-s, at which point it returned to the inaccessible position,
and white noise was replaced with the 16kHz tone. During this 30-s period, responses had
no programmed consequences. Responses on the right lever had no programmed
consequences during this portion of training. Once rats earned over 80 sucrose deliveries in
a 30-min session (typically 2-7 sessions), the fixed-ratio (FR) was increased over a few
sessions until rats were required to respond five times for a sucrose delivery. Subsequently,
ethanol was introduced into the solution at 10% w/v, then sucrose was gradually removed
from the solution over the next 10-25 sessions so rats responded for 10% (w/v) ethanol
solution in tap water (Samson, 1986).

Food-maintained responding was trained in a subsequent 30-min session during presentation
of a 8 kHz tone at 80dB. Under this stimulus condition, responses on the right lever always
resulted in the delivery of a 45 mg food pellet, and the tone changed to 0.1 kHz. Over the
next several sessions, the FR was increased to 25, then rats were introduced to the multiple
concurrent schedule. The discriminative stimulus frequencies (8kHz and 16 kHz) were
selected based on a published audiogram which indicates that in Sprague-Dawley rats
(Lewis rat progenitors), the threshold (in dB) for detection is similar across a range of
frequencies from 8 — 32 kHz (Kelly and Masterton, 1977).

Under the multiple concurrent schedule, responses on either lever were reinforced during
each component, and components alternated between the two different stimulus conditions
(8 and 16 kHz) and associated contingencies. When the 16 kHz tone was present, the ethanol
contingency was FR5 and the food contingency was FR150. When the 8 kHz tone was
present, the ethanol contingency remained FR5, but the food contingency was also FR5.
Completion of the FR was based on total responses (no reset) on either lever and no change-
over delay was imposed. The order of components (8 and 16 kHz)was randomized within
each block of two components. Training under these conditions continued until each rat
responded >80% on the ethanol lever when the food FR was 150 and >80% on the food
lever when the food FR was 5. Training took 121 + 12 sessions (mean £ S.E.M).

After this training, testing commenced. Testing occurred in each rat during five separate
blocks comprised of the four phases shown in Figure 1. The order of intervention period was
mixed across subjects. In each block, rats were first exposed to at least five consecutive
sessions under the multiple concurrent schedule. This allowed training performance to be re-
established after each test session. Subsequently, rats were exposed to 10 consecutive
sessions in which the only condition presented was 16 kHz tone, Food FR150, Ethanol FRS5.
Following these 10 sessions, rats were exposed to an intervention period of 0, 1, 2, 4, or 16
consecutive sessions in which the only condition presented was 8 kHz tone, Food FRS5,
Ethanol FR5.

The following session was a test session in which the stimulus and contingencies were the
16 kHz tone, Food FR150, and ethanol FR5 (the same as those which occasion ethanol-
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predominate responding), but food and ethanol were not delivered (though the ethanol
solution was present but inaccessible in the chamber). Thus, tones changed (white noise or
0.1 kHz following FR5 on the ethanol-associated or FR150 on the food-associated lever,
respectively), but no food or ethanol was delivered.

All analyses were performed using the R Statistical Programming Language (R
Development Core Team, 2011). The method of Benjamini and Hochberg (1995) was used
to correct p-values for multiple comparisons. Results were considered significant when p-
values < 0.05.

2.5.1 Behavior preceding the test session—The total number of food and ethanol
deliveries earned under each condition (16 kHz tone, food FR150, ethanol FR5 or 8kHz
tone, food FR5, ethanol FR5) during the sessions that preceded each test session were
analyzed using repeated measures ANOVA with day as a factor. In addition, the percentage
of responses on the ethanol lever (as percent total responses) under each condition was
calculated and analyzed in the same manner. Finally, as a basis for comparison with
responding prior to first fixed-ratio completion during test sessions, responding prior to first
fixed-ratio completion during the sessions preceding the test session was assessed.

2.5.2 Responding during the test session—The first question of interest was whether
ethanol-maintained responding resumed upon presentation of the stimulus that had
previously been associated with ethanol-predominant responding, similar to cue-induced
reinstatement. To address this question, the total number of ethanol responses completed in
the test session was compared with the number completed in the preceding session. A
difference score was calculated for each condition. Positive difference scores were
considered indicative of resumed responding. Difference scores for each of the condition
lengths (1, 2, 4, and 16 sessions) were compared with O condition using a Student’s t-test.

The second question of interest was whether longer periods of reduced ethanol-maintained
responding due to alternative reinforcement would modify behavior allocation in the test
session. Before the first fixed-ratio was completed, responding was guided entirely by the
stimulus present and the context of the test chamber. After the first fixed ratio was
completed, subsequent responding was also influenced by the delivery (or non-delivery in
the case of the test session) of reinforcement. Thus, our primary measure was the number of
food responses completed prior to completion of the first fixed-ratio. These results were
analyzed using a repeated-measures ANOVA with intervention duration as the factor.

In addition, the effect of intervention duration on the total number of responses for ethanol
during the test session was determined using a repeated measures ANOVA. This
characterized whether the intervention period affected the persistence of ethanol-maintained
responding under extinction. Finally, the total number of responses for food after the
completion of the first fixed-ratio was analyzed as a function of the preceding intervention
to allow assessment of whether the intervention length affected the persistence of food-
maintained responding once extinction contingencies had been encountered.

2.5.3 Order of treatments—The order of intervention conditions was mixed across
subjects, and potential order effects on responding during the test session were assessed with
a repeated-measures ANOVA with order as a covariate.

2.5.4 Ethanol Consumption—Blood ethanol concentration (BEC) was estimated from
breath ethanol concentrations using a rat breathalyzer to confirm that rats were consuming
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ethanol earned in the session (Javors et al., 2005). Briefly, immediately after a single 30-min
session, rats were placed into a modified commercially available restraint with their head
inside a heated chamber. Expired air was collected in this chamber for 30-sec, then ethanol
content was determined with gas chromatography. From the expired ethanol level we
estimated the BEC.

3.1 Behavior preceding the test session

During ten consecutive sessions preceding the various intervention conditions in which food
FR150 conditions were present, rats responded predominantly on the ethanol lever (88.7% +
2.5; mean + S.E.M, Table 1, and Figure 2 - open symbols). The mean number of ethanol
deliveries per session was 15.8 + 0.9, which was stable across sessions (F[9, 38]=1.7). This
equates to an earned dose of 0.47 g/kg ethanol in 30-min. Over these sessions, there was a
significant decrease in the total number of responses for food (F[9,236]=14.8, p<0.05). This
decrease in food-maintained responding occurred over the first 3-4 sessions going from low
levels to very low levels where it remained for the next 7 sessions. However, food
responding was at such low levels initially that rats never completed a response requirement
for food resulting in 100% ethanol choice across these sessions.

During these 10 sessions, in the presence of the 16 kHz tone, rats rarely responded more
than five times on the food lever prior to completing five responses on the ethanol lever,
including the first component of each session. Rats responded more than five times on the
food lever in only 6.4% of the first components. When the entire session was considered,
rats only completed more than five responses on the food lever prior to completing five
responses on the ethanol lever in 2.3% of the components.

Rats were subsequently exposed to either 0, 1, 2, 4 or 16 sessions during which an 8 kHz
tone was presented and only five responses were required to earn either food or ethanol.
Under this condition ethanol-maintained responding was almost abolished (Table 1, Figure
2, black symbols). Across 1, 2, 4, or 16 sessions of this condition, responses on the ethanol
lever accounted for only 0.7 £ 0.2% of total responses during a session. The length of
exposure to these conditions did not affect this response proportion. Over all of these
sessions, rats earned an average of 94.4 + 2.7 food pellets per session. In contrast, rats did
not complete a single fixed-ratio for ethanol in 86% of the sessions under this condition
(97/115). In the 18 sessions where rats did earn ethanol, they earned between 1 and 3
ethanol deliveries in every case except one when a rat earned 7 deliveries. This resulted in
ethanol choice of 0.0 — 0.5% across the subjects in these sessions.

3.2 Ethanol consumption

During this session only the 16 kHz tone, food FR150, ethanol FR5 conditions were
presented and rats earned 18.4 + 1.3 ethanol deliveries. This represents an earned dose of
approximately 0.6 g/kg. BEC after this session was estimated at 0.07 + 0.01 g/dL; a
pharmacologically active concentration.

3.2 Order effects

There was no effect of order nor was there an interaction with intervention condition on the
total number of ethanol responses during the test session (F[1, 11] = 0.07), nor was there an
interaction with intervention condition (F[4,11] = 0.58). There was also no effect of order on
the number of responses for food before the first five responses on the ethanol lever were
completed (F[1,11]=0.01), nor was there an interaction between order and intervention
condition (F[4,11] = 2.0). Finally, there was also no main effect of order on the number of
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food responses after the first five ethanol responses were completed (F[1, 11] = 0.00). There
was, however an interaction between order and intervention condition on (F[4, 11] = 5.1).
Further analysis revealed that this was largely driven by a singe animal who made a large
number of food responses after the first five ethanol responses on the last test session (which
happened to be a 2-session intervention). Removing this subject’s 2-session data from the
analysis eliminates this interaction (F[4, 10]=0.52), but does not alter the reported results.

3.3 Responding during the test session

After the completion of the first fixed-ratio, rats experienced extinction. Because of this,
response allocation prior to completion of the first fixed ratio was analyzed. During these
test sessions, the number of food responses prior to completion of the first 5 ethanol
responses increased as the number of preceding food FR5 sessions increased. Before 5
responses occurred on the ethanol lever, the mean number of responses for food was less
than 5 following 0, or 1 sessions of only food FR5 conditions (1.2 or 3.6 responses
respectively; Figure 3), and equal to 5 following 2 sessions. However after 4 or 16 sessions,
food-maintained responding before 5 responses occurred on the ethanol lever increased to
approximately 20 responses (29.2 and 16.6, respectively). This was a significant effect
(F[4,16]=10.0, p<0.05). It was also of interest to know how many subjects would have
completed a fixed-ratio for food if the response requirement remained five, prior to
completing a fixed-ratio for ethanol. The number of subjects completing five or more
responses on the food lever before the first five responses on the ethanol lever increased as a
function of intervention length (0-day: 0/5, 1-day: 2/5, 2-day: 3/5, 4-day: 5/5, 16-day: 5/5).
This is shown in Figure 3 by the number of points on or above the dashed line at 5
responses; points on or above the dashed line completed 5 or more responses on the food
lever before completing the first 5 responses on the ethanol lever. Thus, after 4 or 16
sessions, every subject would have completed a fixed-ratio for food had the response
requirement from the preceding session remained in effect.

Once food-maintained responding during the test session extinguished, ethanol-maintained
responding resumed. The persistence of ethanol-maintained responding under extinction
within the test session was not affected by the duration of the preceding intervention (F[4,
20]=0.4), nor was the persistence of food-maintained responding after the completion of the
first fixed-ratio (F[4,20]=1.1).

4. Discussion

Here, we present an innovative animal model of recovery and relapse: reducing ethanol
intake by reinforcing an alternative behavior in the same context but in the presence of a
distinct discriminative stimulus. More preceding sessions where food-maintained responding
was reinforced increased the perseverance of food-maintained responding during extinction
before ethanol-responding resurged. This increase in food-maintained responding occurred
in the presence of a stimulus that had been associated with low rates of food-delivery and
responding. This pattern of behavior reduces the likelihood that ethanol responding would
be reinforced before the alternative behavior, and thus should reduce the likelihood of
relapse. However, once ethanol-responding resurges, its persistence was not affected by the
length of the preceding period of reduced ethanol-maintained responding. These findings
using tones as discriminative stimuli are consistent with previous results using lights as
stimuli in rats responding for ethanol or saccharin (Ginsburg and Lamb 2012a). This
procedure may be useful because it parallels recovery in humans and may provide insight
into the processes critical to successful recovery.

In this procedure, the availability of ethanol did not change. However, the amount of
behavior maintained by ethanol changed as a function of the response requirement for food.
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Similar results have been shown using sucrose-maintained responding instead of food pitted
against ethanol in rats, and using food pitted against cocaine instead of ethanol in monkeys
(Nader and Woolverton, 1992; Negus, 2003; Samson et al., 1982). In humans, reinforcing
alternative behavior has also been shown to reduce problematic behavior (Athens and
Vollmer, 2010), including opioid (Iguchi et al., 1997) and ethanol use (Hunt and Azrin,
1973). Others have suggested that increasing the occurrence of alternative behavior may be
an effective approach to the initiation and maintenance of recovery (Bickel and Kelley,
1997; Schuster, 1986). Indeed, a recent report shows that providing access to a running
wheel (which presumably functioned as alternative reinforcement) can reduce reinstatement
of cocaine responding in rats (Smith et al., 2012).

The most important finding of the present work was that longer preceding periods where the
response requirement for food is reduced result in greater perseverance of food-maintained
responding when rats are re-exposed to a stimulus indicating conditions where ethanol-
maintained responding had previously predominated over food-maintained responding.
Thus, longer periods where alternative behavior is frequent increased its strength. This may
reflect decreased control by the discriminative stimulus as the context (rather than the tone
presented) begins to provide information about the prevailing contingencies and assumes
greater control over behavior. Consistent with this interpretation, longer periods of low
ethanol use due to alternative reinforcement is associated with a reduced ability of a range of
stimuli to occasion ethanol-maintained responding (Ginsburg and Lamb, 2012b). This may
also parallel clinical results and provide a mechanism for the clinical observation that longer
periods of recovery are associated with reduced attentional bias to alcohol- or drug-related
stimuli (Field and Cox, 2008).

In the present study, food-maintained responding was not reinforced during the test session,
and ethanol-responding eventually resurged. This result is consistent with those from other
resurgence and renewal studies. Reinforcing a competing response can decrease the
likelihood of the original response and this decrease is similar in form (though steeper) to an
extinction curve (Boe, 1964). However, if these responses are suddenly not reinforced, the
original response returns and undergoes extinction (Leitenberg et al., 1970). These early
results with food reinforcement have been extended to studies with drugs. For example,
when ethanol- or cocaine-maintained responding is extinguished and replaced by food-
maintained responding in the same context, subsequent extinction of food-maintained
responding results in a resurgence of drug-maintained responding (Podlesnik et al., 2006;
Quick et al., 2011). Together, these results demonstrate that unexpected changes in
contingencies that maintain alternative behavior can lead to a resurgence of drug-seeking.
Moreover, the relapse precipitated by such disruption of alternative behavior may occur with
the same vehemence regardless of the length of recovery.

It is apparent that alcohol or drug-related stimuli may precipitate a relapse even after years
or decades of recovery (O’Brien, 2008). This may result from disruption of alternative
behavior cultivated during recovery. Yet if such a lapse occurs, the length of recovery may
not affect the strength or persistence of the resumed alcohol- or drug-seeking. Therefore,
treatment strategies must focus both on ways to strengthen alternative behavior to drug use
and on ways to reduce the strength of drug-seeking when it resurges. This may be why
treatment strategies that combine behavioral therapy which strengthens alternative behavior
with pharmacotherapy which devalues drug use (such as methadone) are the most successful
approaches currently available (Kleber, 2007; O’Brien, 2008).

While the persistence of ethanol-maintained responding during extinction once it resurged
was not diminished by longer preceding periods of alternative reinforcement, neither did it
increase. This lack of “incubation” contrasts with results from other relapse models (Agabio
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et al., 2000; Bienkowski et al., 2004; Grimm et al., 2003). Typically, greater persistence of
responding is interpreted as greater motivation to seek the drug. Indeed, there is evidence
that increasing deprivation level (and thus motivation) increases persistence of responding
during extinction (Perin, 1942). In the present study, increasing the period of deprivation
from ethanol (by reducing the amount of ethanol earned over longer intervention periods)
did not affect the persistence of responding during extinction. This result contrasts with
other results where longer periods of deprivation increase the persistence of responding
during extinction and weakens the argument that such reinstated responding simply reflects
increased motivation due to extended periods of no self-administration.

The lack of incubation observed in the present study may also reflect a limitation of the
present study. It is unclear whether even longer periods of reinforcing alternative behavior
would result in incubation or diminution of the persistence of ethanol-maintained responding
in extinction. For example, rats deprived of ethanol access for 3 — 30 days show an increase
in ethanol consumption in an alcohol deprivation procedure, while rats deprived for 90 or
180 days show no change in consumption, compared with non-deprived controls (Agabio et
al., 2000). Similarly, Bienkowski et al.(2004) showed that the persistence of ethanol-
maintained responding in extinction increases after 28 days of suspended training compared
to rats with 1 day of suspended training. However, responding during extinction decreases
after 56 days of suspended training compared with the 28 day condition (but remains higher
than the 1 day group). Thus, although our time periods were reasonable, incubation may be a
biphasic effect which we still failed to capture.

Despite this limitation, the ability to quantify an alternative behavior represents a clear
strength of our procedure. The occurrence and reinforcement of alternative behavior may be
critical to successful recovery. While others have developed procedures in which drug-
maintained responding is reduced by means other than extinction, including punishment
(Panlilio et al., 2003) or reinforcing abstinence (LeSage, 2009), these and the reinstatement
procedures all share the limitation that no alternative behavior is measured. This contrasts
with our procedure in which alternative operant behavior is quantified concurrently with
drug-maintained responding.

When drug-maintained responding is diminished by extinction, punishment, or by
reinforcing not responding for drug, alternative behaviors undoubtedly occur, but are
typically not measured. With our procedure, the occurrence of an alternative behavior that
has previously been reinforced in the same context is assessed. Indeed, with longer periods
of reduced ethanol-maintained responding (and increased food-maintained responding),
more food-maintained responding occurs before ethanol-maintained responding resurges.
This finding demonstrates a critical advantage of the present procedure over traditional
reinstatement procedures: assessment of an alternative behavior in the same subject during
relapse.

The ability to assess an alternative behavior also provides a means to assess specificity of
potential therapies (Griffiths et al., 1981). A major limitation of the reinstatement procedure
is its inability to determine the effect of treatments that reduce reinstatement on other
reinforced behavior. Often, the specificity of a treatment that reduces reinstatement is
demonstrated by showing that the treatment does not affect responding on an inactive lever
(a weak test, given the relatively low levels of responding that occur on the inactive lever).
With our procedure, a treatment that reduces the likelihood of resumed ethanol-maintained
responding should do so without substantially decreasing food-maintained responding. In
fact, we would argue that an effective treatment should increase food-maintained behavior in
this model as behavior is re-allocated from drug-maintained responding to the alternative
reinforced behavior. This is a potentially important area of future investigation.
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In conclusion, reinforcement of alternative behavior reduces the likelihood of ethanol-
maintained responding versus food upon re-exposure to stimuli where ethanol-responding
had previously predominated over food-maintained responding in a time-dependent manner.
This reduced likelihood is due to increased persistence of the alternative behavior, and may
reflect reduced control by stimuli that prompt ethanol-seeking. Reducing control by alcohol-
or drug-related stimuli may represent an important mechanism to target for relapse
prevention strategies that also include pharmacotherapy.
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Figure 1.

Experimental design. The design of the study included at least 5 days of training under the
multiple concurrent schedule in which trials alternated within the session between a
response requirement for food of 150 lever presses (FR150) and the associated stimulus tone
(16 kHz) and a response requirement for food of 5 lever presses (FR5) and the associated
stimulus tone (8 kHz). The response requirement for ethanol was always 5 lever presses
(FR5). The training period was followed by 10 consecutive sessions in which the only tone
and contingencies presented were 16 kHz and FR150 for food and FR5 for ethanol. This was
followed by various periods of exposure to only the 8 kHz tone and matched (FR5)
contingencies for food and ethanol. During the next session, a test was conducted in the
presence of the 16 kHz tone. During this session, responses on the food or ethanol lever did
not result in delivery of either reinforcer. Each subject was tested under each condition
(0,1,2,4,16 days under the 8kHz tone and FR5 contingencies for food and ethanol) in mixed
order.
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Figure 2.

Total responses for ethanol (circles) and food (triangles) during each phase of the
experiment. Points represent mean + S.E.M. for 5 rats plotted on a log scale. White symbols
represent exposure to only the 16 kHz tone and FR150 response requirement for food and
FR5 for ethanol over ten consecutive sessions. Black symbols represent various periods of
exposure to the 8 kHz tone and matched FR5 response requirements for food and ethanol.
Grey symbols represent responses during test sessions following each period of exposure to
matched (FR5) response requirements for food and ethanol.
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Figure 3.

Number of food responses that occurred before the first five ethanol responses were
completed expressed as a function of preceding period of food-predominant responding.
Points represent the number of responses on the food-associated lever prior to completion of
the first five responses on the ethanol-associated lever during a test session following the
indicated number of sessions of responding under only 8 kHz, food FR5, ethanol FR5
conditions. More than five food responses prior to completion of five responses on the
ethanol lever (points above the horizontal dashed line) would have been reinforced under
contingencies in place the previous session (except for the zero-day condition). Some points
have been offset for clarity.
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Table 1
Per centage of total responses on the ethanol-associated lever per session for each subject

slegsl?oHnZs s&l;iHorﬁs Test Sessions (by intervention condition)

Subject 0 1 2 4 16
1 77.9 0.4 92.6 69.4 37.9 39.7 28.7

2 91.3 1.0 85.0 98.0 65.8 75.8 46.7

3 88.8 0.3 96.2 56.2 67.6 69.4 46.3

4 91.7 0.4 100.0 86.2 49.5 89.3 29.8

5 93.8 1.3 96.2 73.5 54.3 19.7 49.0
Group 88.7 0.7 94.0 76.7 55.0 58.8 40.1
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