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Abstract

Drug seeking is maintained by encounters with drug-associated cues, and disrupting retrieval of
these drug-cue associations would reduce the risk of relapse. Retrieval of cocaine-associated
memories is dependent on B-adrenergic receptor (B-AR) activation, and blockade of these
receptors induces a persistent retrieval deficit. Whether retrieval of cocaine-associated memory is
mediated by a specific p-AR subtype, however, remains unclear. Using a cocaine conditioned
place preference (CPP) procedure, we examined whether retrieval of a cocaine CPP memory is
mediated collectively by B1- and f2-ARs, or by one of these f-AR subtypes alone. We show that
co-blockade of B1- and $2-ARs abolished CPP expression on that and subsequent drug-free CPP
tests, resulting in a long-lasting retrieval deficit that prevented subsequent cocaine-induced
reinstatement. To dissociate the necessity of either B1- or B2-ARs alone, we administered subtype-
specific antagonists prior to retrieval. Administration of a f1-AR antagonist before the initial CPP
trial dose-dependently reduced expression of a CPP on that and subsequent drug-free trials as
compared to vehicle administration. In contrast, administration of a 2-AR antagonist had no
effect on initial CPP expression, although the highest dose reduced subsequent CPP expression.
Importantly, either f1- or f2-AR blockade prior to an initial retrieval trial prevented subsequent
cocaine-induced reinstatement. Our findings indicate that the B1-AR subtype mediates retrieval of
a cocaine CPP, and that acutely blocking either B1- or f2-ARs can prevent subsequent cocaine-
induced reinstatement. Thus, B-AR antagonists, particularly B1-ARs antagonists, could serve as
adjuncts for addiction therapies to prevent retrieval of drug-associated memories and provide
protection against relapse.

Keywords

noradrenergic beta-receptor; norepinephrine; betaxolol; ICI 118, 551; memory retrieval; cocaine-
induced reinstatement; relapse; drug abuse

"Corresponding author at: Department of Psychology, 2441 E. Hartford Ave., Garland Hall 224, University of Wisconsin—
Milwaukee, Milwaukee, WI 53211, Tel: (414) 229-6113, Fax: (414) 229-5219.

2Current address: Department of Psychiatry, University of North Carolina-Chapel Hill, Chapel Hill, NC 27599

The authors declare no conflict of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fitzgerald et al.

Page 2

1. Introduction

Drug-seeking behavior is maintained by encounters with drug-associated cues, as these cues
can evoke craving, relapse, or withdrawal [1-3]. Drug-associated cue presentation results in
the retrieval of memories associated with drug experience. Previously, we have shown that
administration of non-specific [3-adrenergic receptor (3-AR) antagonists persistently disrupts
retrieval of a cocaine-associated memory and prevents subsequent cocaine-induced
reinstatement [4]. Furthermore, we have demonstrated that non-specific f-AR blockade in
the prelimbic medial prefrontal cortex (PL-mPFC) or dorsal hippocampus (dHipp) also
persistently blocks retrieval of a cocaine-associated memory and prevents subsequent
cocaine-induced reinstatement [5,6]. Whether retrieval is mediated by a specific B-AR
subtype, however, remains unclear.

The most abundant and widely studied p-AR subtypes in the brain are the p1-AR and [32-
AR. Activation of either subtype results in stimulation of adenylyl cyclase [7] but
differences in receptor efficacy and distribution have been found. For example, the non-
selective B-AR agonist, isoproterenol, stimulates greater p2-AR-mediated adenylyl cyclase
activity than that mediated by p1-AR, despite isoproterenol having equal affinity for these -
AR subtypes [8]. However, B1-ARs have been found in much higher concentration than 2-
ARs within forebrain structures such as the cerebral cortex, caudate, hippocampus and
amygdala [9]. Additionally, subtype-specific activation or blockade of B1- or 2-ARs has
been shown to have differential effects in several memory tasks [10-13]. Importantly,
systemic 2-AR blockade prior to a test for cocaine conditioned place preference (CPP) did
not affect expression of the CPP, suggesting that these receptors do not mediate retrieval of
cocaine-associated memory [10]. However, additional tests were not conducted to determine
whether subsequent CPP expression was affected. Thus, whether one or both f-AR subtypes
mediate drug-associated memory retrieval, and whether blockade of either subtype
persistently disrupts cocaine-associated memory retrieval remains to be determined.

Here we assessed the necessity of conjoint or individual activation of f1-ARs and 2-ARs
for retrieval of a cocaine-associated memory using the CPP procedure. Following
conditioning, we examined the effects of B1-AR and/or f2-AR blockade on CPP memory
retrieval by systemically administering the specific p1-AR antagonist betaxolol and/or the
specific f2-AR antagonist ICI 118,551 prior to the initial CPP test trial. Rats were then
exposed to daily drug-free CPP tests to determine whether blocking either B-AR resulted in a
long-lasting retrieval deficit. We also determined whether specific f-AR subtype blockade
would provide long-lasting protection against cocaine-induced reinstatement. Our results
demonstrate that selective blockade of f1-ARs induces a persistent retrieval deficit.

2. Materials and methods

2.1 Subjects

Male Long-Evans rats (Harlan Laboratories, Madison, WI) weighing 250-275 g were
individually housed in clear plastic cages. Rats were maintained on a 14 h light/10 h dark
cycle (lights on at 7am) and had unlimited access to both water and standard laboratory rat
chow (Harlan Laboratories). Rats were weighed and handled daily. All experimental
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protocols were approved by the Institutional Animal Care and Use Committee at the
University of Wisconsin-Milwaukee in accordance with National Institutes of Health
guidelines.

2.2 Place preference apparatus

2.3 Drugs

A three-chamber apparatus was used for testing and conditioning in which two larger
chambers (13” x 9” x 11.5”) were separated by a center chamber (6” x 77 x 11.5”) as
described previously [4]. One of the larger chambers had white walls and mesh wire
flooring, whereas the other had a black wall and a gold-grated flooring. The center chamber
had aluminum flooring. During conditioning, rats were isolated within the conditioning
chambers. During baseline and post-conditioning CPP tests, rats had access to the entire
apparatus. Time was recorded during CPP tests with four infrared photobeams located in the
conditioning chambers.

Cocaine HCI (National Institute on Drug Abuse) was dissolved in sterile 0.9% saline at a
concentration of 10 mg/ml, and administered at a dose of 10 mg/kg (i.p.) for all experiments.
The P1-AR antagonist betaxolol and the f2-AR antagonist ICI 118,551 were purchased from
Tocris Bioscience (Minneapolis, MN), and were dissolved in sterile 0.9% saline. Betaxolol
and ICI 118,551 are commonly used to dissociate p1- and p2-ARs [14-16] and doses were
chosen based on previous studies [10,17].

2.4 Conditioning and testing

Behavioral testing and conditioning were conducted as previously described [4]. Briefly,
baseline preferences were determined by placing the rats in the center chamber of a 3-
chamber apparatus with free access to all chambers for 15 min. Overall, rats showed no
preference for either of the larger conditioning chambers during this baseline trial, although
less time was spent in the smaller center chamber. ANOVA revealed a significant effect of
chamber (F2 164 = 216.92, p<0.001), and post hoc tests revealed that rats spent less time in
the center chamber than either of the larger chambers (p<0.05) and an equivalent amount of
time in the larger chambers (p>0.05). Following this baseline test, an unbiased conditioning
procedure was used in which rats were randomly assigned to receive cocaine or saline in one
of the two distinct conditioning chambers in a pseudorandom and counterbalanced fashion
over 8 d. Injections of saline or cocaine were given on alternating days immediately before
20-min conditioning sessions during which the rats were confined to their respective
chambers. Following conditioning, rats were tested repeatedly with daily CPP trials in which
they had free access to the entire apparatus for 15 min. A CPP was determined when rats
spent significantly more time in the previously cocaine-paired than the saline-paired
chamber. Rats received additional drug-free trials until they no longer expressed a CPP for
at least two consecutive days, demonstrating extinction of the CPP.

We first investigated the effect of co-injecting 20 mg/kg of betaxolol with 8 mg/kg of ICI
118,551 (Bet20+ICI18; n = 12) or 1 ml/kg of saline vehicle (n = 12) 30 minutes prior to an
initial CPP trial on CPP expression across trials. To determine the effects of f-AR subtype
antagonists on CPP memory retrieval, rats were administered (i.p.) one of the following
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drugs 30 min prior to the initial CPP trial: 3 mg/kg of betaxolol (Bet3; n = 12), 20 mg/kg of
betaxolol (Bet20; n = 12), 4 mg/kg of ICI 118,551 (ICI4; n=12), 8 mg/kg of ICI 118,551
(ICI8; n=12), or 1 ml/kg of saline vehicle (n = 12). Following the initial CPP trial, rats
were given daily drug-free trials to determine whether betaxolol or ICI 118,551 treatment
induced a persistent effect.

2.5 Reinstatement

To examine whether betaxolol, ICI 118,551, or co-injection of betaxolol with ICI 118,551
treatment during initial CPP trials would prevent later cocaine-induced reinstatement after
extinction, the day after the final CPP trial for each treatment group rats were given a
priming injection of cocaine (5 mg/kg, i.p.) 15 min before an additional CPP trial to test for
cocaine-induced reinstatement.

2.6 Data analysis

3. Results

Cocaine seeking was analyzed across CPP trials by comparing time spent in the cocaine-
paired, saline-paired, and center chambers using a repeated measures ANOVA. Following a
significant effect of chamber, Tukey’s Honestly Significant Difference (HSD) post hoc tests
were used to compare the amount of time spent in the previously cocaine-paired vs. saline-
paired chambers for single or across multiple CPP trials.

To further assess group differences between experimental and control animals, Pearson’s
chi-squared test of independence was used to assess the proportion of animals expressing
high preferences (>90 sec more in the cocaine-paired chamber than the saline-paired
chamber) throughout the first three days of tests.

3.1 Concomitant B1- and B2-AR blockade impairs retrieval of a CPP and protects against
subsequent reinstatement

We first examined the necessity of both f1- and $2-AR blockade on retrieval of a CPP. Rats
were pretested, conditioned, and subjected to daily CPP trials. Thirty min prior to the first
CPP trial, rats were injected with either saline or concurrently with the f1- and f2-AR
antagonists (Bet20+1CI8). Whereas the saline-treated animals demonstrated a CPP for the
previously cocaine-paired chamber throughout all trials, the Bet20+1CI8 animals did not
(Figure 1). Repeated measures ANOVA revealed a significant effect of chamber for the
saline-treated (F, 2p=58.17, p<0.0001) and Bet20+ICI8 rats (F2 2,=8.77, p=0.001). Post-hoc
analyses confirmed that the saline-treated rats spent significantly more time in the
previously cocaine-paired chamber than in the saline-paired chamber throughout all trials
(ps<0.01). Bet20+1ClI8-treated rats, however, spent a similar amount of time in the cocaine-
and saline-paired chambers throughout all trials (p>0.05). Across groups, the proportion of
animals that met high preference levels differed significantly between Bet20+1CI8 (0.39)
and saline (0.83) treatment (X22,N=72:14.29, p<0.01) as Bet20+ICI8-treated animals were
less likely to show a CPP than saline-treated animals. Thus, concomitant blockade of both
B1- and B2-ARs persistently disrupted retrieval of a CPP across trials, similar to previously
reported results using a non-specific -AR antagonist propranolol [4].
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Next we determined whether the retrieval deficit induced by Bet20+ICI18 would prevent
subsequent reinstatement of a CPP. Rats continued to receive additional drug-free trials to
ensure extinction of the CPP (Figure S1; Figure 1B). On the final trial, ANOVA revealed a
significant effect of chamber for the saline (F, 33=14.69, p<0.001) and Bet20+ICI8 group
(F2,33=18.46, p<0.001). Post-hoc analyses revealed that rats in all groups spent a similar
amount of time in the cocaine- and saline-paired chambers (ps>0.05), and less time in the
center chamber (ps<0.05). Thus, the CPP was extinguished in all groups. To test for
reinstatement, rats were injected with cocaine (5 mg/kg, i.p.) 15 min before the next CPP
trial. For the reinstatement test, ANOVA revealed a significant effect of chamber for the
saline (F233=15.92, p<0.001) and Bet20+ICI8 groups (F2,33=10.42, p<0.001). Post-hoc
analyses revealed that saline-treated rats spent significantly more time in the previously
cocaine-paired chamber than in the saline-paired chamber (p=0.002), whereas Bet20+1CI8-
treated rats did not (p>0.05; see Figure 1B). Thus, concomitant blockade of both f1- and p2-
ARs disrupted retrieval of a CPP and prevented cocaine-induced reinstatement in the
absence of further treatment.

3.2 B1-AR blockade dose-dependently impairs retrieval of a CPP and protects against
subsequent reinstatement

To dissociate the role of p1-ARs from p2-ARs, we first used a f1-AR specific antagonist to
determine the necessity of this receptor for the retrieval of a cocaine-associated CPP. Rats
were pretested, conditioned, and subjected to daily CPP trials. Thirty min prior to the first
CPP trial, rats were injected with either saline or one of two doses of betaxolol (Bet3 or
Bet20). While the saline-treated rats demonstrated a CPP for the previously cocaine-paired
chamber throughout all trials, the Bet3-treated rats only expressed a CPP on the initial trial
and the Bet20-treated rats did not (Figure 2). Repeated measures ANOVA revealed a
significant effect of chamber for the saline (F 2,=32.99, p<0.001), Bet3 (F, 2,=9.05,
p=0.001), and Bet20 groups (F2 2,=6.78, p=0.005). Post-hoc analyses confirmed that the
saline-treated rats spent significantly more time in the previously cocaine-paired chamber
than in the saline-paired chamber throughout all trials (ps<0.001). Bet3-treated rats spent
significantly more time in the previously cocaine-paired chamber than in the saline-paired
chamber during the first trial (p=0.017), and a similar amount of time in each chamber on
subsequent trials (ps>0.05). Across groups, the proportion of animals that showed high
preference differed significantly between Bet3 (0.44) and saline (0.75) treatment
(X22,N:72=6.98, p<0.01) as Bet3-treated animals were less likely to show a CPP than saline-
treated animals.

Bet20-treated rats spent a similar amount of time in the cocaine- and saline-paired chambers
throughout all trials (ps>0.05; Figure 2A). Across groups, the proportion of animals that
showed high preferences differed significantly between Bet20 (0.44) and saline (0.75)
treatment (X% N=72=6.98, p<0.01) as Bet20-treated animals were less likely to show a CPP
than saline-treated animals. Thus, a single 20 mg/kg dose, but not a 3 mg/kg dose, of
betaxolol reduced initial expression of a CPP, whereas both doses reduced expression of a
CPP long after treatment.
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We next determined whether the retrieval deficit induced by betaxolol would prevent
cocaine-induced reinstatement of a CPP. Rats continued to receive additional drug-free trials
to ensure extinction of the CPP (Figure 2B). On the final trial, ANOVA revealed a
significant effect of chamber for the saline (F; 33=10.73, p<0.001) and Bet3 (F5 33=10.10,
p<0.001) groups, but not for the Bet20 group (F2 33=.692, p>0.05; Figure 1B). Post-hoc
analyses revealed that rats in all groups spent a similar amount of time in the cocaine- and
saline-paired chambers (ps>0.05), and less time in the center chamber (ps<0.05). Thus, the
CPP was extinguished in all groups. To test for reinstatement, rats were injected with
cocaine (5 mg/kg, i.p.) 15 min before the next CPP trial. For the reinstatement trial,
ANOVA revealed a significant effect of chamber for the saline (F; 33=19.22, p<0.001) and
Bet3 groups (F2 33=13.97, p<0.001), but not for the Bet20 group (F» 33=1.25, p>0.05). Post-
hoc analyses revealed that saline- and Bet3-treated rats spent significantly more time in the
previously cocaine-paired chamber than in the saline-paired chamber (ps<0.001), whereas
Bet20-treated rats did not (Figure 2B). Thus, a high dose, but not a low dose, of betaxolol
disrupted retrieval of a CPP and prevented cocaine-induced reinstatement in the absence of
further betaxolol treatment.

3.3 B2-AR blockade does not affect retrieval of a CPP, but protects against subsequent
reinstatement

Lastly, we examined the necessity of 2-AR activation for the retrieval of a cocaine-
associated CPP. Rats were pretested, conditioned, and subjected to daily CPP trials. Thirty
min prior to the first CPP trial, rats were injected with either saline or one of two doses of
the selective $2-AR antagonist ICI 118,551 (IC14 or ICI8). While the saline- and ICI4-
treated rats demonstrated a CPP for the previously cocaine-paired chamber throughout all
trials, the 1CI8-treated rats only expressed a CPP on the initial trial (Figure 3A). Repeated
measures ANOVA revealed a significant effect of chamber for the saline (F 2,=32.99,
p<0.001), ICI4 (F2,22=24.92, p<0.001), and ICI8 group (F2 2,=29.313, p<0.001). Post-hoc
analyses confirmed that the saline group spent significantly more time in the previously
cocaine-paired chamber than in the saline-paired chamber throughout all trials (ps<0.001).
Both the 1CI4- and ICI8-treated rats spent significantly more time in the previously cocaine-
paired chamber than in the saline-paired chamber during the initial trial (ps<0.001).
However, during the second and third trial, only the 1Cl4-treated rats spent significantly
more time in the previously cocaine-paired chamber than in the saline-paired chamber
(ps<0.002) whereas the ICI8-treated rats did not (p>0.05). Across groups, the proportion of
animals that showed high preferences did not differ significantly between I1CI4 (0.69) and
saline (0.75) treatment (Xzz,N=80=0.53, p>0.05) or ICIC8 (0.61) and saline (0.75) treatment
(X22,N=72:1.59, p>0.05). Thus, ICI4-, ICI8-, and saline-treated animals were equally likely
to show a CPP. Overall, a single 4 mg/kg or 8 mg/kg treatment of ICI 118,551 did not affect
initial expression of a CPP, but a single 8 mg/kg treatment of 1CI 118,551 reduced
expression of a CPP long after treatment.

We next tested whether 32-AR blockade would prevent subsequent cocaine-induced
reinstatement of a CPP. Rats continued to receive additional drug-free CPP trials to ensure
extinction of the CPP. On the final trial, ANOVA revealed a significant effect of chamber
for the saline (F3,33=10.73, p<0.001), ICI4 (F; 33=4.78, p=0.015), and ICI8 group
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(F2,33=7.43, p=0.002). Post-hoc analyses revealed that all rats spent a similar amount of
time in the cocaine- and saline-paired chambers (ps>0.05), and less time in the center
chamber (ps<0.05; Figure 3B). Thus, the CPP was extinguished in all groups. To test for
reinstatement, rats were injected with cocaine (5 mg/kg, i.p.) 15 min before the next CPP
trial. For the reinstatement test, ANOVA revealed a significant effect of chamber for the
saline- (F2,33=19.22, p<0.001) and ICI8-treated rats (F, 33=5.96, p=0.006), but not for the
ICl4-treated rats (F2 33=2.43, p>0.05). Post-hoc analyses revealed that the saline-treated
group spent more time in the cocaine- than in the saline-paired chamber (p=0.001), whereas
both ICI-treated groups did not (ps>0.05; see Figure 3B). These results show that 2-AR
blockade prevents subsequent cocaine-induced reinstatement in the absence of further
treatment.

4. Discussion

We investigated the necessity of p1- and p2-AR subtypes for the retrieval of a cocaine CPP,
and found that blockade of B1-ARs, but not f2-ARs, impaired retrieval of a cocaine CPP in a
dose-dependent manner. First, we found that co-injection of f1- and f2-AR blockers induced
a persistent retrieval deficit and prevented subsequent reinstatement to a priming injection of
cocaine in a similar manner to the non-selective B-AR antagonist propranolol [4]. Next, we
showed that specific p1-AR blockade induced a persistent retrieval deficit similar to that
induced by a non-specific B-AR blocker [4]. Moreover, p1-AR blockade prevented
subsequent cocaine-induced reinstatement. In contrast, $2-AR blockade did not affect initial
retrieval of a cocaine CPP, although a higher dose disrupted drug seeking on subsequent
drug-free trials. However, B2-AR blockade prior to retrieval prevented subsequent
reinstatement to a priming injection of cocaine. Our results are the first to reveal that
selective B1-AR blockade induces a lasting disruption in retrieval of a cocaine CPP.
Furthermore, we found that 2-AR blockade had no effect on initial CPP expression but
impaired subsequent expression in the absence of further treatment, suggesting that f2-AR
blockade disrupts reconsolidation.

Our findings are supported by previous studies using mice lacking dopamine 3-hydroxylase
(DBH), the enzyme responsible for the synthesis of norepinephrine from dopamine.
Although DBH-knockout mice were able to express a CPP to one of three conditioning
doses of cocaine in one study [18], this was not true in another [19]. Moreover, DBH-
knockout mice were unable to express a CPP after conditioning with five different doses of
morphine [20]. When norepinephrine was restored in these mice, drug seeking was rescued
indicating that retrieval was dependent on norepinephrine. This effect was shown to be
specific to drug memories, since the mice lacking dopamine -hydroxylase were able to
express a food-induced CPP. Moreover, memory retrieval in both appetitive and aversive
learning paradigms has been demonstrated to depend specifically on -AR activation
[21,22,4], and evidence suggests that the B1-AR subtype mediates retrieval in a contextual
fear paradigm [22]. We now show that B1-ARs mediate cocaine-associated memory retrieval
and extend these findings to demonstrate that retrieval disruption by 1-AR blockade results
in a persistent retrieval deficit.
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The necessity of f1-ARs, but not B2-ARs, for cocaine-associated memory retrieval agrees
with results from previous studies. Blocking f1-ARs, but not 32-ARs, has been shown to
reduce expression of shock avoidance learning [11] and contextual fear conditioning [23,22]
in a manner similar to general f-AR antagonists. In contrast, B2-ARs, but not p1-ARs, have
been shown to mediate reconsolidation of a cocaine CPP [10]. Importantly, retrieval and
reconsolidation of a cocaine CPP are mediated by separate and distinct neuronal loci [5,6].
In particular, we have shown that bilateral infusions of non-selective p-AR blockers into PL-
mPFC or dHipp disrupt retrieval, but not reconsolidation, of a CPP [5,6]. In contrast,
bilateral infusions of non-selective B-AR blockers [5] or selective f2-AR blockers [10] into
the basolateral amygdala (BLA) disrupt reconsolidation, but not retrieval, of a cocaine CPP.
Additionally, previous work found that systemic ICI administration did not alter retrieval of
CPP, but did attenuate the retrieval-induced BLA c-Fos response when administered prior to
CPP retrieval [10]. This observation supports our findings that f2-ARs do not mediate
retrieval, but that B-ARs (specifically f2-ARs) in the BLA mediate reconsolidation of a
cocaine associated memory [5, 10].

In both PL-mPFC and dHipp, f1-ARs account for roughly 80% of the total B-ARs [9] which
could account for the dependence on B1-ARs for retrieval of a cocaine CPP. In contrast, the
BLA has been reported to express 65% B1-ARs and 35% B2-ARs [9]. In areas such as the
BLA where B2-ARs are more highly concentrated, these receptors likely have a more
predominant role in p-AR-mediated processes. Notably, the non-selective B-AR agonist,
isoproterenol, stimulates adenylyl cyclase to a greater extent through $2-ARs than f1-ARs
[8], although both B-ARs stimulate cAMP signaling [24,25]. Thus, the greater stimulation of
adenylyl cyclase through p2-ARs rather than B1-ARs in regions such as the BLA could
explain the selective role of p2-ARs in reconsolidation of a cocaine CPP. These data suggest
that receptor distribution in regions mediating retrieval and reconsolidation is likely a
determinant of which B-AR subtype primarily mediates these memory processes.

We previously reported that non-specific p-AR antagonism persistently disrupts memory
retrieval and subsequent cocaine-induced reinstatement of a CPP in rodents [5,6]. Similarly,
following B-AR blockade with propranolol, human subjects showed a sustained reduction in
the retrieval of emotional words [26] and visual memories [27]. These effects were long
lasting, and may also prevent memory reinstatement [27]. Thus, converging evidence from
rodents and humans support the conclusion that pharmacological antagonism of -ARs can
persistently induce memory deficits in retrieval. Our results are the first to reveal that f1-
ARs specifically mediate cocaine-associated memory retrieval.

The presentation of drug-associated stimuli leads to drug seeking and relapse in addicts [2].
Use of pharmacological interventions to disrupt the retrieval of drug-associated memories,
therefore, could improve exposure therapies for cocaine abuse that have largely been
unsuccessful without the use of pharmacological adjuncts [28]. Although the use of B-AR
blockers as adjuncts remains untested, clinical studies with human addicts have
demonstrated that treatment with the non-specific -AR blocker propranolol alone enhances
treatment retention [29]. Use of specific -AR subtype blockers has not yet been
investigated, but f1-AR blockade may have therapeutic potential as this treatment prevents
anxiety-like behavior during withdrawal [30] and stress-induced reinstatement following
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extinction [17]. Our findings reveal that f1-AR blockade during memory retrieval also
prevents subsequent cocaine-induced reinstatement of a CPP. Thus, targeting f1-ARs during
therapy in patients with drug abuse liability could reduce the probability of relapse due to
stress or exposure to drug-associated cues during or even long after treatment.
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Highlights
[3-adrenergic receptors mediate retrieval of cocaine-associated memory
Blocking the 1 receptor subtype induces a persistent deficit in retrieval

Blocking either B1 or $2 subtypes prevents subsequent reinstatement
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Figure 1.
Concomitant $1- and f2-AR blockade disrupts CPP retrieval and prevents subsequent

cocaine-induced reinstatement. (A) Administration of Bet20+ICI8, but not saline, prevented
rats from expressing a CPP during that trial and subsequent drug-free trials (n = 12 per
group). (B) Rats did not express a CPP during a final CPP trial. The following day, rats
previously treated with saline, but not Bet20+1CI8, expressed reinstatement of the CPP
following a priming injection of cocaine. *p<0.05, ***p<0.001
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B1-AR blockade disrupts CPP retrieval and prevents subsequent cocaine-induced
reinstatement. (A) Administration of Bet20, but not Bet3 or saline, prevented rats from
expressing a CPP during that trial and subsequent drug-free trials (n=12 per group). (B) Rats
did not express a CPP during a final CPP trial. The following day, rats previously treated
with saline or Bet3, but not Bet20, expressed reinstatement of the CPP following a priming

injection of cocaine. “p<0.05.
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Figure 3.

2-AR blockade does not disrupt CPP retrieval, but prevents subsequent cocaine-induced
reinstatement. (A) Administration of saline, 1CI4, or ICI8 did not affect expression of a CPP.
On subsequent drug-free trials, saline and IC14 groups continued to express a CPP whereas
the I1CI8 group did not (n=12 per group). (B) Rats did not express a CPP during a final CPP
trial. The following day, rats previously treated with saline, but not IC14 or ICI8, expressed
reinstatement of the CPP following a priming injection of cocaine. *p<0.05, ***p<0.001
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