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a  b  s  t  r  a  c  t

Background:  Longer  periods  of  recovery  reduce  the  likelihood  of  relapse,  which  may  be  due  to  a  reduced
ability  of  various  stimuli  to  occasion  alcohol  or  drug  seeking.  However,  this  hypothesis  remains  largely
uninvestigated.
Methods:  Here  we  assessed  the  ability  of  intermediate  stimuli  to  occasion  responding  for  ethanol  in  rats
trained  to  discriminate  an  8 kHz  tone  signaling  a food  fixed-ratio  (FR)  of  5  and  an  ethanol  FR5,  from  a
16 kHz  tone  signaling  a food  FR150  and  ethanol  FR5.  In  the  presence  of  the  8 kHz  tone  responding  for
food  predominates,  and  in the  presence  of  the 16 kHz  tone,  responding  for ethanol  predominates.
Results:  In the  context  of  alternation  between  these  conditions,  varying  the  tone  from  8 to 16  kHz  produces
a graded  increase  in ethanol  (versus  food)  responding,  consistent  with  a stimulus  generalization  function.
A recent  history  of responding  under  food-predominant  choice  conditions,  either  during  the  test  session
or in  the  four  sessions  that  precede  it  shifts  the  generalization  function  downwards.  Extending  this  history
to nine  sessions  shifts  the  curve  further  downwards.  The  stimulus  generalization  function  was  similar  in
a separate  group,  trained  with  different  relative  ratios  for food  and  ethanol,  but  with  similar  behavioral
allocation  under  each  discriminative  stimulus.  Finally,  withholding  access  to  food  and  ethanol  for  4  or  16
sessions  did  not  affect  the  stimulus  generalization  gradient.
Conclusion:  These  results  suggest  that  longer  histories  of  reinforced  alternative  behavior  might  reduce  the
likelihood  of  relapse  by  decreasing  the  control  exerted  over  alcohol-  or drug-seeking  by  stimuli  similar
to  those  that previously  occasioned  alcohol-  or  drug-seeking.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Alcoholism and other addictions are often characterized as a
loss of control over drinking or drug use. This can be interpreted in
two different ways (Keller, 1972). Loss of control can describe an
inability to refrain from initiating a drinking bout when confronted
with stimuli that have come to occasion drinking. The sight of a
preferred bar or socializing with a particular group of friends can
come to occasion initiation of drinking. It follows then, that there is
likely a range of stimuli or situations that might occasion initiation
of a drinking bout, and over time the range of such stimuli might
broaden beyond those that initially occasioned drinking (Schuster,
1986). Loss of control can also mean that once drinking starts, it
does not stop until intoxication is so severe drinking cannot con-
tinue.
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Recovery can be viewed as the converse of loss of control,
so drinking may  be moderate after initiation of a drinking bout.
Likewise, a person in recovery may  be able to abstain even in
the presence of stimuli that had previously occasioned drinking
(Bickel and Kelley, 1997). We  postulate that as alternative behav-
ior supplants drinking, the range of stimuli that occasion drinking
diminishes. This may, in part, explain why, for a variety of addic-
tions including alcoholism (Gilpin et al., 1997; Gossop et al., 1990;
Hunt et al., 1971; McKay et al., 2001), the probability of relapse
diminishes as recovery lengthens.

Presumably, as stimuli that had occasioned heavy drinking lose
their effectiveness, other, similar stimuli also lose their ability to
occasion drinking. For example, early in recovery, walking by a
bar may  occasion a relapse to drinking, even if it is not the same
bar where most of the problematic drinking had occurred. This is
called stimulus generalization. Over time, the ability of such sim-
ilar stimuli to occasion drinking may  decline so that walking by a
bar is no longer likely to precipitate relapse. Although this has been
posited as a crucial mechanism in successful recovery, there is little
data regarding this notion (Bickel and Kelley, 1997; Schuster, 1986).
Procedures to study stimulus generalization are well-established
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in experimental psychology (Honig and Urcuioli, 1981). Subjects
are trained to make different responses in the presence of distinct
stimuli, A and B. Once this behavior is established, responding is
assessed in the presence of varying stimuli that are intermediate
between A and B. Typically, intermediate stimuli more similar to
A result in responses that were trained in the presence of A, while
those more similar to B result in responses that were trained in
the presence of B. Experimental manipulations can then be per-
formed and their effects on the stimulus generalization gradient
observed.

Despite the conceptualization of addiction as a broadening of the
stimuli that occasion drug use (Bickel and Kelley, 1997; Schuster,
1986), stimulus generalization has not been used to study stimulus
control over drug-reinforced behavior. Further, stimulus general-
ization has not been used in situations where a choice between two
different commodities (such as food and drug) is made.

Here, we provide concurrently available food and ethanol
and, by changing the response requirement for food, produce
food-predominant or ethanol-predominant responding. We  then
examine stimulus generalization in a situation where one stimu-
lus occasions food-predominant responding and another occasions
ethanol-predominant responding. With this baseline, we examine
if a history of responding in only the food-predominant situation
can decrease the ability of a range of stimuli to occasion responding
for ethanol. First, we determine stimulus generalization functions
in test sessions in which alternating or only food-predominant
conditions are presented during reinforced components. We  then
test whether a history of four or nine preceding sessions in which
only the food-predominant response conditions were presented
affects the stimulus generalization function. We  further deter-
mine whether changing the relative response requirements for food
versus ethanol affect stimulus generalization. Finally, we exam-
ine whether a history of not responding for ethanol (or food, by
removing the rats from the operant apparatus for the equivalent
of 16 sessions) has a similar impact on the stimulus general-
ization function. Our choice of four, nine, and sixteen sessions
was based on other studies using a similar procedure. In those
studies, four and sixteen preceding sessions in which only food-
predominant conditions are presented increased the amount of
responding for food when rats were re-exposed to a stimulus
signaling ethanol-predominant responding (Ginsburg and Lamb, in
press).

If longer periods of recovery reduce the risk of relapse by
decreasing the range of stimuli that result in problematic use,
we might expect that longer periods in which responding for
ethanol does not occur will decrease the effectiveness of interme-
diate stimuli to occasion responding for ethanol. If this is due to
an increase in the frequency of alternative behavior in the same
context in which drug-use had occurred, a history of responding
predominately for food should shift the stimulus generalization
function. If, however, this is simply due to time spent not respon-
ding for ethanol, a similar shift should be seen after a period in
which rats are prevented from responding for ethanol.

2. Methods and materials

2.1. General materials and methods

2.1.1. Subjects. Male, adult, singly housed Lewis rats (Harlan, Frederick, MD)  served
as  subjects. All experiments included data from n = 5 rats, except as indicated in
Experiments 3 and 6 (Sections 2.4 and 2.7). Separate groups of rats were used for
Experiments 1–4 and Experiments 5–6. Rats used in Experiments 1–4 had previously
been involved in studies related to resumption of responding for ethanol follow-
ing  extended periods of food-predominant responding under the same procedure
(Ginsburg and Lamb, in press). Upon arrival, rats weighed 260–265 g and spent one
week habituating to our facilities with food and water provided ad libitum. Subse-
quently, water was  always available in the rats’ cages, however food was  restricted to
maintain body weights of 280–320 g for the remainder of the study (approximately
12–15 g/day).

2.1.2. Apparatus. Training and testing occurred in a commercially available appa-
ratus (Standard Rat Chamber, Med  Associates, St. Albans, VT). On one wall of the
chamber, two  response levers were arranged horizontally, one on each side of the
wall.  Equidistant between the levers was  a receptacle that provided access to 45 mg
food pellets (Bio-Serve, Frenchtown, NJ) via a pellet dispenser and to a solution via a
0.1-ml dipper. Chambers also had a speaker connected to a tone generator (ANL-926,
Med  Associates, St. Albans, VT) which produced pure tones that served as stimuli.
Stimuli presentation and reinforcement delivery as well as data collection were
accomplished by custom software written using a commercially available program-
ming language (Med-PC, Med  Associates, St. Albans, VT). Computer-generated pink
noise was broadcast in the procedure room to mask ambient noise. Ethanol (190
proof) was obtained from Decon Labs Inc. (King of Prussia, PA) and mixed with tap
water to obtain a 10% (w/v) solution. Solutions were made fresh daily, and allowed
to  reach room temperature before being presented to the rats.

2.1.3. Training. Sessions were conducted on weekdays and were 30-min in dura-
tion. Rats were first trained to respond on the left lever for 8% sucrose solution in
the  presence of a 16 kHz, 80 dB tone. Upon completion of the response requirement,
a  dipper containing 0.1 ml  of solution was raised and the 16 kHz tone was replaced
with white noise at 80 dB. The dipper remained accessible for 15-s, at which point it
returned to the inaccessible position, and white noise was replaced with the 16 kHz
tone.  During this 1-s period, responses had no programmed consequences. During
this portion of training, responses on the right lever had no programmed conse-
quences. 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 removed from the solu-
tion over the next 10–25 sessions so rats responded for 10% (w/v) ethanol solution
in  tap water.

Responding for food was trained in a subsequent 30-min session during pre-
sentation of a 8 kHz tone at 80 dB. Under this stimulus condition, responses on the
right lever 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.

Rats were trained to respond under a multiple concurrent schedule of food and
ethanol reinforcement. In this schedule, components alternated randomly between
a  16 kHz tone and associated contingencies (food FR150, ethanol FR5 for Exper-
iments 1–4 and food FR75, ethanol FR5 for Experiments 5 and 6) and an 8 kHz
tone  and associated contingencies (food FR5, ethanol FR5 for Experiments 1–4 and
food FR25, ethanol FR5 for Experiments 5 and 6). The order of components was
randomized within each block of two  components. Delivery of reinforcement was
accompanied by a change in stimuli present in the chamber for 15-s, which was
followed by the next component. Sessions were 30-min in length.

2.1.4. Stimulus generalization test. Stimulus generalization functions were deter-
mined within a single session. These sessions consisted of a multiple schedule in
which components included probe trials as well as reinforced components. Dur-
ing probe trials, a tone (6, 8, 10, 12, 14, 16, or 18 kHz) was presented. The first five
responses on either lever ended the trial. The tone was  silenced, and a 15-s timeout
in  which responses had no programmed consequences ensued. The next trial began
after this timeout. Probe trials were interspersed with reinforced components in
which either an 8 or 16 kHz tone was presented and the appropriate contingencies
were active. Presentation of either a probe trial or reinforced component followed
random selection without replacement from a block of 8 possibilities where 2 of
the  8 possibilities were probe trials and the rest were reinforced components. Thus,
during the test sessions, contingent reinforcement was not delivered in 1/4 of the
trials. If a probe trial was selected, the tone presented was randomly selected with-
out replacement from a list of the possible tones, so that each tone was presented
before the list was refreshed. This allowed rats to respond in the presence of each
probe tone at least two times per session in almost every test session.

2.1.5. Analysis. Ethanol responses expressed as a percentage of total responses dur-
ing  each probe trial was calculated and averaged for each subject and served as the
measure for each comparison. Comparisons were made using a repeated measures
analysis of variance (ANOVA). First and second baseline function determinations
were compared with tone and determination order as factors. The impact of a
preceding history of food-predominant responding for 4 or 9 sessions were also
compared with the baseline function using a repeated measures ANOVA with tone
and  preceding session conditions (alternating, four or nine food-predominant con-
dition only sessions) as factors. Another repeated-measures ANOVA was performed
to  compare stimulus generalization functions obtained during test sessions in which
reinforced components alternated or only consisted of food-predominant response
conditions. The effect of conditions present during reinforced components of the
test  session (alternating versus food-predominant) was assessed with a repeated-
measures ANOVA following matched histories of preceding sessions with tone and
test session conditions as factors. Stimulus generalization functions generated in
rats trained with food fixed ratios of 5 and 150 were compared against the function
generated in a separate group of rats trained with corresponding food fixed-ratios of
25  and 75 (ethanol fixed-ratios were 5 in every case) using a mixed ANOVA (tone as
within-subject, and group as between-subjects). Finally, the stimulus generalization
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