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Abstract

While extinction has been used as a treatment to reduce the power of drug cues, a better method is
needed. Research with traditional reinforcers has shown that counterconditioning — pairing an
appetitive cue with an aversive stimulus — can suppress cue-controlled behavior. The present
experiment compared the counterconditioning and extinction of cocaine cues. Male rats were first
trained to self-administer cocaine during a light cue. In the second phase, the light was paired with
footshock in the Counterconditioning group. The Extincton group was treated similarly, except
light presentations did not end in footshock. Counterconditioning suppressed cocaine seeking to a
greater extent than extinction while the counterconditioning treatment was actively administered.
On a subsequent stimulus compounding test where footshock was discontinued and the light was
presented simultaneously with an untreated cocaine cue (a tone), suppressive effects of
counterconditioning were evident during the early portion of the test, but not during later trials.
Overall, results of the present experiment suggest that counterconditioning produces only
temporarily suppressive effects on cue-controlled cocaine seeking. Methods for directly
weakening the cue-drug association (e.g., “deepened extinction”) may prove to be more useful
potential drug cue treatments.

1duasnuely Joyny Yd-HIN

Drug cues, such as people, places, or things (e.g., paraphernalia) associated with drug use,
play an important role in driving drug abuse and addiction. For example, drug cues elicit
craving for the drug (Childress et al., 1999; VVolkow et al., 2006), activate the same brain
reward circuitry that is activated by the drug itself (Volkow et al., 2006, 2008), and
contribute to relapse after abstinence (Grusser et al., 2004; Kosten et al., 2006; Sinha & Li,
2007). An intervention that reduces the power of drug cues could help to improve treatment
outcomes.

Extinction has been used in such an effort. Extinction is the presentation of a conditioned
cue without the reinforcer (or unconditioned stimulus; US) with which the cue was
previously paired. For example, cue-exposure therapy is an extinction-based treatment
where drug users are repeatedly exposed to drug cues without the drug (Drummond, Tiffany,
Glautier, & Remington, 1995). Experiencing the cues in the absence of the drug should
theoretically weaken or inhibit the cue-drug association and thereby reduce the ability of the
drug cues to drive drug-related behavioral or neurological responses. While there have been
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a handful of cue-exposure studies reporting promising results (Loeber, Croissant, Heinz,
Mann, & Flor, 2006; Rohsenow et al., 2001), the outcomes of most cue-exposure studies
have been disappointing (e.g., Marissen, Blanken, Franken, van den Brink, & Hendriks,
2007; for review, see Conklin & Tiffany, 2002). This suggests that a treatment that is more
effective than extinction is needed.

Counterconditioning is an alternative method for suppressing the effects of conditioned
cues. In counterconditioning, a formerly appetitive cue (e.g., a stimulus associated with
food) is paired with an aversive stimulus such as electric shock instead of its original
appetitive US (Lovibond & Dickinson, 1982). After several such pairings, the formerly
appetitive cue no longer controls the appetitively motivated behavior it once did. With non-
drug reinforcers or USs, counterconditioning an appetitive cue by pairing it with an aversive
US has been shown to be an effective means of suppressing the originally conditioned
effects of the cue in both animals (Lovibond & Dickinson, 1982) and humans (Kerkhof,
Vansteenwegen, Baeyens, & Hermans, 2011; Van Gucht, Baeyens, Vansteenwegen,
Hermans, & Beckers, 2010). Some studies with non-drug cues have found
counterconditioning to be more effective than extinction (e.g., Kerkhof et al., 2011).

There have been attempts to investigate the effectiveness of counterconditioning as a
method for treating drug cues in humans. For example, in studies of aversion therapy, drug-
related cues (e.g., a cocaine-like powder) have been paired with injections of emetic drugs or
with mild electric shock applied to the wrist (Bordnick, Elkins, Orr, Walters, & Thyer, 2004;
Frawley & Smith, 1990, 1992; Smith & Frawley, 1993). It is hard to interpret the results of
these studies because either they did not include control groups at all (Frawley & Smith,
1990, 1992; Smith & Frawley, 1993) or they did not include control groups exposed to the
cues without the aversive US, thus making it impossible to separate the effects of extinction
from counterconditioning (Bordnick et al., 2004). Despite this lack of conclusive
experimental evidence for its effectiveness, counterconditioning is used as a treatment for
cocaine craving in some drug rehabilitation clinics (e.g., Schick Shadel Hospital, Seattle,
WA).

The present study investigated within an animal model whether counterconditioning was a
more effective treatment than extinction for reducing the power of a cocaine cue. Rats were
first trained to self-administer cocaine whenever a light or a tone was present, but not when
these cues were absent. After these were established as cues controlling cocaine-seeking
behavior, rats were divided into two groups prior to beginning a second phase where the
light was the cue targeted for treatment (the tone was not presented). The
Counterconditioning (CC) group received presentations of the light stimulus followed by a
brief footshock. Cocaine self-administration was discontinued during this phase. The
Extinction (Ext) group was treated similarly except light presentations did not end with
footshock. After Phase 2, cocaine seeking in the two groups was evaluated with a stimulus
compounding test, a sensitive assay of the associative properties conditioned to cues (Weiss,
1978). On this test, the light and the tone were presented simultaneously for the first time.
Usually, compounding two appetitive cues, including cocaine cues, results in more
responding to the compound than to either stimulus alone (e.g., Kearns, Weiss, Schindler, &
Panlilio, 2005; Panlilio, Weiss, & Schindler, 1996). However, if the formerly cocaine-paired
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light were converted into an aversive cue in the CC group, no additive effects would be
expected based on the results of previous studies with non-drug reinforcers showing that
compounding an aversive cue with an appetitive cue does not result in an enhancement of
responding (Weiss, Thomas, & Weissman, 1996; Weiss & Schindler, 1989).

Twenty adult male Sprague-Dawley rats began the experiment. Subjects previously
participated in a short-term morphine self-administration experiment in different chambers,
with different levers, and stimuli distinct from those used in the present experiment. Rats
were individually housed in plastic cages with wood-chip bedding and metal wire tops. They
were maintained at 85% of their free-feeding weights (approximately 330-400 g) throughout
the experiment by feeding them approximately 15 g of rat chow following training sessions.
Rats had unlimited access to water in their home cages. The colony room where the rats
were housed had a 12-h light:dark cycle with lights on at 08:00 h. Training sessions were
conducted 5-7 days per week during the light phase of the light:dark cycle. Throughout the
experiment, rats were treated in accordance with the Guide for the Care and Use of
Laboratory Animals (National Academy of Sciences, 1996) and all procedures were
approved by American University’s Institutional Animal Care and Use Committee
(IACUC).

Training took place in six operant chambers. Each chamber was 20 cm high, 23 cm long,
and 18 cm wide and had aluminum front and rear walls, white translucent plastic side walls,
a clear plexiglass ceiling, and a grid floor. A response lever and food trough were located on
the front wall of the chamber. A tone stimulus (approximately 4500 Hz and 75 dB) was
delivered by a model SC628HR Sonalert (Mallory Sonalerts, Indianapolis, IN) that was
mounted on top of the chamber. A light stimulus was provided by two 15-cm, 25-W, 120-
VAC tubular light bulbs located 10 cm outside each of the side walls of the chamber. These
light bulbs were operated at 90 VAC. Footshock was produced by a Lehigh Valley
Electronics model 113-04 constant-current shocker, a BRS/LVE model SGS-004 solid state
shocker/scrambler, a Lehigh Valley Electronics model 113-33 shocker/scrambler, or a Med-
Associates model ENV-414 shocker/scrambler, depending on the particular chamber. Each
chamber was housed inside a sound attenuation chest (Weiss, 1970) that had a continuously
operating ventilation fan. A shielded houselight mounted near the ceiling and rear wall of
the sound attenuation chest provided a low level of continuous illumination during all
sessions. Experimental procedures were controlled by Med-Associates software (Med-PC,
St. Albans, VT) running on a PC located in an adjacent room.

Cocaine (provided by the National Institute on Drug Abuse) in a saline solution at a
concentration of 2.56 mg/ml was infused at a rate of 3.19 ml/min by 10-ml syringes driven
by Harvard Apparatus (South Natick, MA) or Med-Associates (St. Albans, VT) syringe
pumps located outside of the sound attenuation chests. Tygon tubing extended from the 10-
ml syringes to a 22-gauge rodent single-channel fluid swivel and tether apparatus (Alice

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2013 July 19.



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

1duosnuely Joyny vd-HIN

Tunstall et al.

Procedure

Page 4

King Chatham Medical Arts, Hawthorne, CA) that descended through the ceiling of the
chamber. Cocaine was delivered to the subject through Tygon tubing that passed through the
metal spring of the tether apparatus. This metal spring was attached to a plastic screw
cemented to the rat’s head to reduce tension on the catheter.

Surgery—Rats had been surgically prepared with chronic indwelling jugular vein catheters
in the prior study, using a modification of the procedure originally developed by Weeks
(1962). In brief, under ketamine (60 mg/kg) and xylazine (10 mg/kg) anesthesia,
approximately 3 cm of Silastic tubing (0.044mm i.d., 0.814mm 0.d.) was inserted into the
right jugular vein. This Silastic tubing was connected to 8 cm of vinyl tubing (Dural
Plastics; 0.5mm i.d., 1.0mm o.d.) that was passed under the skin around the shoulder and
exited the back at the level of the shoulder blades. The vinyl tubing was threaded through a
section of Tygon tubing (10 mm long, 4 mm diameter) that served as a subcutaneous anchor.
Six stainless steel jeweler’s screws were implanted in the skull, to which a 20-mm plastic
screw was cemented with dental acrylic. Catheters were flushed daily with 0.1 ml of a saline
solution containing 1.25 U/ml heparin and 0.08 mg/ml gentamycin.

Phase 1: Cocaine self-administration—Rats were first trained to self-administer
cocaine on a 3-component multiple schedule. During tone or light discriminative stimulus
(SP) components which lasted 180 s on average (range: 150-210 s), 0.5 mg/kg cocaine
infusions were available for lever pressing according to a variable-interval (V1) 60-s
schedule. These SP components alternated with S2 components lasting 60 s on average
(range: 45-75 s) where all stimuli were absent and lever pressing did not result in cocaine.
Each of the types of SP component (tone or light) were equally likely to follow an S&
component, with the restriction that there were no more than two consecutive SP
components of the same type. A 30-s response correction contingency operated during the
final 30 s of each S® component. According to this contingency, a 30-sec S2-termination
clock was reset to zero by a response. This contingency was designed to reduce response
rates during S2 components. Sessions lasted for 150 min. Rats were trained with the
schedule parameters described above for a minimum of 5 sessions and until they self-
administered at least 20 infusions in two consecutive sessions.

Then, the length of SP components was decreased to a mean of 60 s (range: 50 to 70 s) and
the mean programmed duration of S2 components was increased to 120 s (range: 90 to 150
s). Rats were trained on this terminal baseline procedure until (1) response rates during both
tone and light SP components were at least 3 times higher than in S2 components for two
consecutive sessions, and (2) response rates in the tone and the light were within 50% of
each other when averaged over 2 sessions.

Phase 2: Counterconditioning or Extinction—Rats were then assigned to either the
CC group or the Ext group. For the CC group, self-administration was followed by 6
sessions of counterconditioning of the light by pairing it with footshock. During each such
session, the light stimulus was presented 10 times. Each light component lasted 60 s and
ended with the presentation of a 0.5 s, 0.5 mA footshock, a commonly used shock intensity
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and duration in aversive conditioning studies (e.g., Rescorla, 2006). Light components were
separated by light-off components lasting an average of 180 s (range: 150 to 210 s). The
lever remained in the chamber and rats could press it during either component type. Lever
pressing did not produce cocaine at any time and the response correction contingency in S®
was discontinued. The tone was not presented during this phase. The Ext group was treated
similarly except that footshock was not presented at the end of light components. On the day
following the final extinction or counterconditioning session, all rats were placed in the
chamber for 60 min with all stimuli remaining off. The purpose of this context habituation
session was to reduce fear which may have been conditioned to the context in the CC group
so that this potential contextual fear would not interfere with responding on the stimulus
compounding test.

Stimulus Compounding Test—This test consisted of 60-s stimulus components that
alternated with 120-s periods where all stimuli were off. There were 18 stimulus
presentations, 6 each of tone alone (T), light alone (L), and the tone-plus-light (TL)
compound. The test stimuli were presented in the following order: T-L-TL-L-TL-T-TL-T-L-
TL-L-T-L-T-TL-T-TL-L. Lever pressing did not produce cocaine during the test and no
shock was presented at any time for either group.

At the end of the self-administration phase, rats’ catheters were tested for patency by by
aspirating blood through the catheter. If patency could not be confirmed by drawing blood
back, 0.1 ml of a saline solution containing 0.3 mg ketamine and 0.4 mg xylazine was
infused into the catheter at the end of the study and patency was assumed if rapid ataxia
(loss of motor control within 10 s) was observed. Subjects discovered to have non-patent
catheters were excluded from the study (see below).

Data analysis

Results

For all statistical tests, a = 0.05. Response rate (responses/min) was the primary measure of
interest. Repeated measures analyses of variance (ANOVAs), followed by posthoc t-tests
where appropriate, were performed on the response rate data. The Benjamini-Hochberg
(1995) procedure was used to keep a. < 0.05 for collections of multiple t-tests.

One rat (subject S8) was dropped from the experiment before being assigned to a group due
to failure to acquire cocaine self-administration. A rat from the CC group (subject S13) was
found to have a non-functional catheter and was therefore excluded from the study. This
subject had the highest self-administration baseline response rates of all subjects in either
group. Excluding this rat from the CC group caused there to be a relatively large (but not
statistically significant) difference in baseline rates between the groups, which were
intended to be matched in terms of baseline rate. To correct this, the rat (subject S1) with the
highest baseline rate in the Ext group was also excluded from analyses and figures. This
made baseline rates in the two groups more comparable and did not importantly change any
conclusions or statistical results. After the rats described above were excluded, the numbers
of subjects in the Ext and CC groups were 9 and 8, respectively.
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Phase 1: Self-administration

The mean numbers of total self-administration sessions for rats in the Ext and CC Groups
were 12.7 (£ 1.1 SEM) and 12.8 ( 0.9), respectively. This included 6.8 (+ 0.7) and 6.6 (£
0.7) sessions on the Phase 1 terminal baseline schedule for the Ext and CC Groups,
respectively. Figure 1 presents mean response rates during light components and during tone
components on the final self-administration session. A 2 x 2 (Stimulus X Group) repeated
measures ANOVA performed on these rates indicated that there were no significant effects
of Stimulus or Group or their interaction (all Fs < 1, ps > 0.5). Rats in both groups made on
average less than 0.75 responses/min during the absence of tone and light periods. On the
final self-administration session, the mean numbers of cocaine infusions self-administered
by the Ext and CC Groups were 35.4 (+ 1.6) and 31.9 (+ 2.9), respectively.

Phase 2: Counterconditioning or Extinction

Figure 2 presents mean response rates to the light over two-trial blocks for each of the 6
sessions of Phase 2 for the CC and Ext groups. Counterconditioning was more effective than
extinction in suppressing responding occasioned by the light during this phase. A 6 x 2
(Session X Group) repeated measures ANOVA performed on the whole-session response
rates during light components confirmed that there was a significant effect of Group
(F[1,13] = 18.2, p < 0.005) and Session (F[5,65] = 4.3, p < 0.005), but there was no
significant interaction (F[5,65] = 1.7, p > 0.14). Mean response rates during light-off periods
(not presented in figure) remained low throughout this phase and both groups made less than
0.1 responses/min on the final treatment session.

On inspecting within-session patterns of responding, it was noted that the Ext Group, but not
the CC Group, developed a tendency to display spontaneous recovery of responding to the
light early in a session. This tendency was most pronounced during the final 2 sessions of
the phase, where response rates in the Ext group were over 1 response per min on the first
block of each session before quickly declining, while response rates in the CC group were
essentially zero throughout each session. Ad-hoc 5 x 2 (Block X Group) repeated measures
ANOVAs conducted on the block-by-block response rates within sessions 5 and 6
confirmed these impressions by revealing that there were significant Block X Group
interaction effects for both sessions (F[4,60]s > 2.6, ps < 0.05).

Phase 3: Stimulus Compounding Test

Figure 3 presents mean (+ SEM) response rates over two-trial blocks on the stimulus
compounding test. On the first test block, the Ext group made approximately 10 times as
many responses to TL as did the CC group. However, on the final block, this order reversed,
with the CC group making approximately 3 times as many TL responses as the Ext group. A
similar pattern was observed for the light, though on a smaller scale in terms of total number
of responses. Over the course of the test, the CC group responded more to the tone than did
the Ext group.

Differences between the groups are also apparent if the distributions of responses over test
stimuli are compared within each block. A large summative effect of compounding the tone
and the light was observed for the Ext group in the first block, with TL response rates
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approximately 4-5 times those of either the light or the tone alone. In contrast, no
summative effect was observed for the CC group on the first block. On the third block,
however, the CC group showed a summative effect, with responding to TL being 3-4 times
higher than that in either light or tone alone. The Ext group also responded more to TL than
to either tone or light alone on this block.

Statistical analyses confirmed the impressions described above. A 3 x 3 x 2 (Stimulus X
Block X Group) repeated-measures ANOVA performed on the test response rates confirmed
that there was a significant main effect of Stimulus (F[2,30] = 12.5, p < 0.005), a significant
Block X Group interaction (F[2,30] = 4.0, p < 0.05), and a significant Stimulus X Block X
Group interaction (F[4,60] = 4.3, p < 0.005). There were no other significant main effects or
interactions (Fs < 2.3, ps > 0.1).

Given the significant Stimulus X Block X Group interaction, individual 2 x 3 (Group X
Block) repeated measures ANOVAS were performed separately for each stimulus to
determine more specifically how the groups differed. For TL, there was a significant Group
X Block interaction (F[2,30] = 5.3, p < 0.05), but no significant main effects of Group or
Block (Fs < 1). Subsequent t-tests performed separately for each block indicated that the Ext
group responded significantly more than the CC group on the first block (t[15] = 2.6, p <
0.25), but the CC group responded significantly more than the Ext group on the last block
(t[15] = —2.5, p = 0.025). For the light, there was a marginally significant Group X Block
interaction (F[2,30] = 3.3, p = 0.049), but no main effects of Group or Block (Fs < 1). The
interaction for the light parallels that observed for TL. On subsequent t-tests, there were no
significant differences in responding to light alone between the groups on any individual
block (t[15]s < 1.7, ps > 0.1). For the tone, there was a significant main effect of Group
(F[1,15] = 5.5, p < 0.05), but no significant effect of Block (F < 1) or Group X Block
interaction (F = 1.0).

To further analyze how the groups differed, individual 2 x 3 (Group X Stimulus) repeated
measures ANOVAs were performed separately for each block. For the first block, there was
a significant main effect of Stimulus (F[2,30] = 3.5, p < 0.05) and a significant Stimulus X
Group interaction (F[2,30] = 8.5, p < 0.005), but no main effect of Group (F[1,15] =2.2, p >
0.15). Subsequent paired-samples t-tests performed separately for each group indicated that,
in the Ext group, TL rates were higher than tone or light alone rates (t[8]s > 2.8, ps < 0.025),
but there was no difference between tone alone and light alone (t[8] = 0.9, p > 0.35). For the
CC group, there were no significant differences among test stimuli on this block (t[7]s < 2.2,
ps > 0.05). On the second block, the Group X Stimulus repeated measures ANOVA
indicated there were no significant effects of Stimulus, Group, or their interaction (Fs < 2.1,
ps > 0.15). On the third block, there was a significant main effect of Stimulus (F[2,30] = 8.5,
p < 0.005) and Group (F[1,15] = 6.6, p < 0.05), but no significant interaction (F[2,30] = 2.2,
p > 0.13). Subsequent paired-samples t-tests revealed that, collapsed over groups,
responding to TL on the third block was significantly higher than that to either tone or light
alone (t[16]s > 2.6, ps < 0.02), but tone alone and light alone did not differ from each other
(t[16] = 0.3, p> 0.75).
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Discussion

The present study found that counterconditioning produced temporarily suppressive effects
on cue-controlled cocaine seeking. During Phase 2, while the counterconditioning treatment
was actively administered, the CC group displayed less cocaine seeking during the light than
the Ext group, which only received extinction of the light. The temporarily suppressive
effects of counterconditioning were also observed on the stimulus compounding test when
light-shock pairings were first discontinued. This was especially apparent in responding to
the tone-plus-light compound (TL). Initially, the CC group made significantly fewer
responses to TL than did the Ext group. But late in the test, the CC group actually responded
more than the Ext group to TL. Relatedly, a robust summative effect of compounding the
tone and the light was observed on the first block of the test in the Ext group only, where
response rates to TL were over 3 times those in tone or light alone. This additive summation
in the Ext group replicates the outcome of a recent study from this lab (Kearns & Weiss,
2012) showing that simultaneously presenting an extinguished cocaine cue, which might
only control a low response rate on its own, with a still-active (i.e., non-extinguished) one
results in a substantial enhancement of cocaine seeking. In contrast, no additive summation
was observed in the CC group on the first block of the test, suggesting that, at least initially,
the light functioned as an aversive stimulus capable of suppressing cocaine seeking (for
similar results see Kearns, Weiss, & Panlilio, 2002; Vanderschuren & Everitt, 2004).

The effects of counterconditioning very quickly dissipated when the treatment was
discountinued. After just 2 shock-free presentations of each stimulus (i.e., after the first
block of the test), the CC group no longer displayed any evidence of conditioned fear or
aversion to the light. By the third block of the test, the CC group showed a summative effect
of compounding the tone and the light (as did the Ext group), which is what would be
expected when compounding two appetitive cocaine cues. The pattern of behavior displayed
by the CC group on the stimulus compounding test suggests that counterconditioning did not
counteract or reverse the cocaine-related associative properties originally conditioned to the
light. Instead, counterconditioning seems to have only overlaid an additional cue-shock
association on top of the original cue-drug association. When this cue-shock association was
weakened by non-shock-paired presentations of the light, the original cue-drug association
revealed itself again. This outcome is consistent with previous studies with non-drug cues
showing that the original association conditioned to a cue survives counterconditioning. For
example, Bouton and associates have shown reinstatement (Brooks, Hale, Nelson & Bouton,
1995), spontaneous recovery (Bouton & Peck, 1992), and renewal (Peck & Bouton, 1990) of
the originally trained response after counterconditioning.

A stronger shock intensity might have been expected to produce a more lasting effect,
though this likely would have also produced more generally suppressive effects (e.g.,
freezing) on behavior rather than cue-specific effects (Annau & Kamin, 1961). Perhaps
conducting the counterconditioning treatment in a way that light presentations were more
unpredictably followed by shock would have produced a more persistent effect. For
example, having the light followed by shock on a randomly selected 25% of trials during the
counterconditioning treatment may have made it more difficult for rats to learn that the light
was no longer paired with shock when shock presentations were discontinued. However,
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even with a reduced probability of shock pairings or a stronger shock intensity, rats would
be expected to eventually learn that the light was no longer paired with shock. Thus, such
changes would likely have only postponed the reappearance of cocaine seeking to the
counterconditioned cue, rather than qualitatively change the associative properties of the
Cue.

The treatment that the CC group received in the present study may be thought of as a
counterconditioning-plus-extinction treatment, since this group (like the Ext group) could
make non-reinforced lever presses in the presence of the light during Phase 2. The treatment
that the CC group in the present experiment received was modeled on that used in human
counterconditioning treatment, where drug cues are paired with an aversive stimulus and the
drug-taking response undergoes extinction (e.g., subjects snort a white powder, but do not
experience the effects of cocaine). A potential limitation of the current study is the absence
of a third comparison group that received the counterconditioning treatment without access
to the lever during phase 2. Such a group could potentially provide information on the
contribution of counterconditioning alone (i.e., without the influence of extinction) to
reduced drug seeking and should be investigated in future research with this design.

An interesting and unanticipated result observed on the stimulus compounding test was that
the CC group responded during tone components significantly more than did the Ext group.
It is possible that counterconditioning produced a displacement of cocaine-seeking
responses from the counterconditioned stimulus (the light) to the untreated stimulus (the
tone). This is reminiscent of early studies on behavioral contrast showing that when
responding during one component of a two-component schedule is punished, response rates
in the unpunished component increase (Brethower & Reynolds, 1962). This suggests that
counterconditioning resulted merely in a redistribution of cocaine-seeking responses, rather
than a net decrease in cocaine seeking as compared to the effects of extinction. This does not
bode well for counterconditioning as a potential therapeutic intervention, unless it could be
applied to multiple possible drug cues, or perhaps to all drug cues. Otherwise, a reduction of
drug seeking in the presence of a few treated cues could be associated with an increase in
drug seeking in the presence of other, untreated cues.

Alternatively, it is possible that the significantly lower responding to tone in the Ext group
(as compared to the CC group on) the stimulus compounding test was due to “secondary
extinction” (Vurbic & Bouton, 2011), where the effects of extinction of the light during
Phase 2 generalized to the tone. Some support for this idea comes from the fact that rats in
the Ext group responded to light alone and tone alone at comparable rates during the test,
despite the fact that only the light was subjected to extinction during Phase 2. A limitation
that prevents more definitely concluding that secondary extinction occurred here is the lack
of a no-treatment control group not exposed to any cues during Phase 2. Future research
with this paradigm including such a group could help in deciding whether the difference
between the groups in tone response rates during the test was due more to reduced tone
responding in the Ext group vs. heightened tone responding in the CC group.

In summary, counterconditioning resulted in a brief, stimulus-specific reduction in drug
seeking that only lasted while the treated cue was actively paired with an aversive stimulus.
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More promising methods of treating drug cues could be those that directly weaken, or even
eliminate, the cue-drug association. Very recent drug-cue extinction research suggests ways
that this might be accomplished. For example, two studies (Janak, Bowers, & Corbit, 2012;
Kearns, Tunstall, & Weiss, 2012) have found that applying a deepened extinction treatment
— where the targeted cue is extinguished in compound with another drug cue — significantly
enhances the effects of extinction by weakening the cue-drug association to a greater extent
than standard extinction. Another recent study has shown that retrieving the cue-drug
association (by briefly presenting the cue) during a sensitive window prior to an extinction
session can virtually eliminate traces of the association (Xue et al., 2012). Interventions that
incorporate these association-weakening methods may prove to be able to more permanently
neutralize the power of drug cues.
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Figure 1.

Mean (£ SEM) response rates to tone (black bars) and to light (gray bars) on the final Phase
1 cocaine self-administration session for the Extinction and Counterconditioning Groups.
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Figure2.
Mean (= SEM) response rates to light on two-trial blocks over the 6 sessions of Phase 2 for

the Extinction group (filled circles) and the Counterconditioning group (open squares).
There were 10 trials (5 two-trial blocks) per session.
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Figure 3.
Mean (£ SEM) response rates to the tone-plus-light compound (TL; left panel), light alone

(center panel), and tone alone (right panel) on two-trial blocks of the stimulus compounding
test for the Extinction Group (black bars) and the Counterconditioning Group (white bars).
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