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Disrupting reconsolidation of drug-related memories may be effective in reducing the incidence
of relapse. In the current study we examine whether alcohol-related memories are prone to
disruption by the B-adrenergic receptor antagonist propranolol (10 mg/kg) and the NMDA
receptor antagonist MK801 (0.1 mg/kg) following their reactivation. In operant chambers, male
Wistar rats were trained to self-administer a 12% alcohol solution. After 3 weeks of abstinence,
the animals were placed in the self-administration cages and were re-exposed to the alcohol-
associated cues for a 20-min retrieval period, immediately followed by a systemic injection of
either propranolol, MK801 or saline. Rats were tested for cue-induced alcohol seeking on the
following day. Retrieval session, injection and test were repeated on two further occasions at
weekly intervals. Both propranolol and MK801 administration upon reactivation did not reduce
alcohol seeking after the first reactivation test. However, a significant reduction of alcohol
seeking was observed over three post-training tests in propranolol treated animals, and MK801
treated animals showed a strong tendency toward reduced alcohol seeking (p = 0.06). Our
data indicate that reconsolidation of alcohol-related memories can be disrupted after a long
post-training interval and that particularly B-adrenergic receptors may represent novel targets
for pharmacotherapy of alcoholism, in combination with cue-exposure therapies.

Keywords: alcohol, 3-adrenergic receptor, instrumental learning, memory reconsolidation, NMDA receptor,

propranolol

INTRODUCTION

Alcohol consumption is socially accepted in many cultures. The
World Health Organization estimates that about 2 billion people
regularly drink alcoholic beverages, 4% of whom have diagnos-
able alcohol use disorders. The economical, health, and domes-
tic consequences of excessive alcohol use are a burden to society
(WHO, 2004). Nevertheless, only few pharmacological treatments
of alcohol dependence are available, and their effectiveness is lim-
ited (Anton et al., 2006). Therefore, development of more effective
treatments is warranted.

In drug addiction, environmental stimuli associated with the
effects of self-administered drugs, including alcohol, are power-
ful sustainers of addictive behaviors and can precipitate relapse
after prolonged periods of abstinence in both humans (O’Brien
etal., 1998) and laboratory animals (De Vries et al., 2001; Chaudhri
etal.,2008). Disrupting drug-associated memories could therefore
be an important new strategy for treating alcoholism and other
addictive behaviors (Lee et al., 2005; Miller and Marshall, 2005;
Diergaarde et al., 2008).

During the last decade, there has been a renewed interest in
reconsolidation, a phenomenon involved in retaining reactivated
memories. Memory retrieval is believed to induce a transient
state during which a memory trace becomes liable to modifica-
tion, requiring protein synthesis-dependent reconsolidation for the
original memory to be maintained. Memory reconsolidation has
been studied in a number of species, and localized pharmacological
manipulations have identified a variety of brain regions, including

basolateral amygdala, hippocampus, and prefrontal cortex, involved
in post-reactivation stabilization of memories (Przybyslawski et al.,
1999; Nader et al., 2000; Alberini, 2005). The molecular mecha-
nisms underlying reconsolidation involve both -adrenergic and
glutamatergic signaling pathways (Przybyslawski and Sara, 1997;
Przybyslawski et al., 1999; Debiec and LeDoux, 2004). For instance,
it has been shown that post-reactivation administration of pro-
pranolol, a B-adrenoceptor antagonist, disrupts reconsolidation
of fear-related memories (Przybyslawski et al., 1999; Nader et al.,
2000; Debiec and LeDoux, 2004; Alberini, 2005). Similarly, recon-
solidation of aversive memory is disrupted by post-retrieval injec-
tions of NMDA receptor antagonist MK-801 (Lee et al., 2006b).
Collectively, these findings suggest that both B-adrenergic and
glutamatergic signaling pathways are involved in aversive memory
reconsolidation processes.

Recent evidence of our and other laboratories indicates that
-adrenergic signaling is also involved in reconsolidation of appe-
titive memories. By employing an instrumental sucrose self-admin-
istration paradigm, we established that reactivation of relatively
old natural reward-related memories renders them susceptible to
interference, i.e., propranolol treatment following re-exposure to a
sucrose-associated context significantly reduced subsequent sucrose
seeking (Diergaarde et al.,2006). It has also been demonstrated that
propranolol (Milton et al., 2008b) and MK801 (Lee and Everitt,
2008a) disrupt reconsolidation of associations between sucrose and
discrete environmental stimuli. Furthermore, both post-reactivation
propranolol, and MK801 administration prior to reactivation
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reduces subsequent cocaine seeking (Milton et al., 2008a,b), which
implies that B-adrenergic and NMDA receptor mediated signaling
isalso implicated in reconsolidation of cocaine-related associations.
Nonetheless, it was only recently shown that protein synthesis and
NMDA receptors are also required for reconsolidation of alcohol-
related memories (von der Goltz et al., 2009).

The current study extends on these findings using an oper-
ant reinstatement procedure that models cue-induced relapse,
to examine whether [-adrenergic signaling is also involved in
reconsolidation of alcohol-related memories. Thus, we compare
the effects of propranolol and MK801 administration following
memory reactivation.

MATERIALS AND METHODS

SUBJECTS

Male Wistar rats (Harlan CPB, Horst, The Netherlands), weighing
280-300 g upon arrival were used. They were housed in pairs in a
temperature and humidity controlled room on a 12-h light/dark
cycle (lights on between 7 pm and 7 am). Food and water were avail-
able ad libitum. The experiment started 2 weeks after the animals had
arrived and was conducted during the dark phase of the light/dark
cycle. Experimental procedures were approved by the Animal Care
Committee of the VU University, Amsterdam, The Netherlands.

APPARATUS

All experiments were conducted in 16 identical rat operant chambers
(TSE, Bad Homburg, Germany), which were fitted with a dim red
house light and two small holes, one hole in which the rats had to
poke in order to obtain a 0.19-ml 12% alcohol solution (designated
“nose poke hole”), and a hole in which the alcohol was actually
delivered (hereby further referred to as “receptacle”) located on
opposite walls. The nose poke hole contained a photocell to detect
responses. Red stimulus lights were located above the nose poke hole
and the receptacle, and yellow stimulus lights were located inside
both holes. In addition, each chamber was equipped with an empty
feeder mechanism which was turned on upon a poke in the nose
poke hole, thereby providing an auditory stimulus. The stimuli were
used to signal alcohol availability or were paired with alcohol deliv-
ery in order to facilitate acquisition of alcohol self-administration
(see below). During reactivation and reconsolidation testing, these
cues were present to study the effect of propranolol or MK801 on
cue-induced alcohol seeking. A computer interfaced to the chambers
was used for equipment operation and data collection.

DRUGS

All drugs were dissolved in sterile saline for intraperitoneal injection
(1 ml/kg). (+/-)-Propranolol hydrochloride (Sigma) was injected ata
dose of 10 mg/kg. (+)-MK-801 hydrogen maleate (Tocris) was injected
at a dose of 0.1 mg/kg. These doses of propranolol and MK801 have
previously been reported to disrupt reconsolidation of different types
of memories (Diergaarde et al., 2006; Sadler et al., 2007).

PROCEDURE

Experiment 1

Two-bottle procedure. The rats were daily trained to consume
alcohol in a two-bottle free-access paradigm. Upon arrival they
were habituated to two water bottles on their home cages. Every

other day one of the bottles was replaced by a bottle containing a
gradually increasing alcohol concentration (2-12% v/v). In 3 weeks
the animals reached 12% v/v alcohol and training proceeded to a
two-bottle limited-access paradigm. Animals were given access to the
12% solution for 1 h daily. After 10 days of limited-access animals
that consumed >0.35 g/kg alcohol were selected to enter the oper-
ant self-administration phase. Selected animals consumed approxi-
mately 0.54 g/kg alcohol. Previous work of our laboratory shows that
animals with this amount of alcohol intake reliably acquire operant
alcohol self-administration and show cue-induced relapse following
long-term extinction (De Vries and Schoffelmeer, 2005).

Operant alcohol self-administration. In Figure 2 the experimental
setup is depicted. All rats were trained to self-administer a 12%
alcohol solution. On the first day of training they received a sin-
gle 20-min habituation session, during which 40 non-contingent
rewards were delivered and only the house light was illuminated.
Nose poking during this session was without any consequences. On
the following days the rats were trained to self-administer a 12%
alcohol solution in 1 h sessions every other day. A session started
with the illumination of the house light. Each trial was signaled by
illumination of a red stimulus light located above the nose poke
hole, which was extinguished when a nose poke was made in this
hole. Nose poking resulted in the immediate delivery of a 0.2-ml
alcohol solution (US) in the receptacle, signaled by the illumination
of a white stimulus light in the receptacle and the sound (click)
of the feeder mechanism (compound CS). Responding was rein-
forced according to a continuous reinforcement (fixed ratio 1, FR1)
schedule. After delivery of the reinforcer, the white stimulus light
was switched off, and a time-out period of 20 s commenced until
the next trial started. Nose poking behavior during time-out was
monitored, but was without consequences. After 1 h or when 50
reinforcers had been earned, the house light was extinguished and
the session ended. In order to facilitate acquisition, the animals
received one free sample of alcohol solution in the receptacle upon
the start of habituation and the first five training sessions. When
FR1 performance levels stabilized, the training schedule proceeded
to FR2 and FR3. FR3 training continued until stable peak perform-
ance levels were achieved, which indicated that the task was well
consolidated. All rats received a total of 19 1-h training sessions.
Alcohol self-administration training was followed by a period of
21 days during which the rats were kept in their home cages in the
colony room, and were handled weekly. Rats self-administering less
than 0.35 g/kg alcohol per session were excluded from analysis.

Reactivation. Following the 3-week abstinence period the rats
were subjected to a reactivation session, during which the animals
were placed in the self-administration cages for a 20-min period.
During the session the house light and the red stimulus light were
presented continuously, the compound CS sound was presented
40 times at variable intervals (VI30, every 25, 30, or 35 s). Thus
reactivation consisted of a combination of the context and cues
that were present during training, yet, in contrast to the training
sessions the nose poke hole as well as the receptacle were covered
during reactivation, and no alcohol was delivered. Immediately
following reactivation rats were transported to the adjacent room
and received an i.p. injection of propranolol (10 mg/kg) or saline. In
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order to test whether the effect of propranolol depends on memory
retrieval, a separate group of animals received identical training and
abstinence but was not reactivated. Rats from this no-reactivation
experimental group were not placed in the self-administration
cages, but instead, were transported to the adjacent room where
they received a saline or a propranolol injection.

Retention. The day following memory reactivation, the rats were
tested for cue-induced alcohol seeking in a 1-h session. The session
was analogous to a FR3 training, with cue presentation upon every
third active nose poke, however, alcohol was never delivered. Nose
poking was used as an index of alcohol seeking behavior.

In order to test whether repeated propranolol injections in com-
bination with reactivation had an additional detrimental effect on
alcohol seeking, retrieval session, injection, and retention test were
repeated 7 and 14 days after the first retrieval test.

Experiment 2

Identical to experiment 1, alcohol self-administration training was
followed by a 21-day period during which the rats were kept in
their home cages in the colony room, and were handled weekly.
Subsequent reactivation and retention was as described in experi-
ment 1 with the exception that these animals were injected with
saline or MK801 (0.1 mg/kg) directly after reactivation.

STATISTICAL ANALYSIS

SPSS 15.0 for Windows software was used for all statistical analysis
and a significance level of p < 0.05 was selected for all analyses. The
reactivation and no-reactivation groups were tested in separate
experiments at different points in time, and were therefore subjected
to separate statistical analysis. An analysis of variance (ANOVA) ina
repeated measures design was used to determine the effects of pro-
pranolol and MK801 on alcohol-related memory reconsolidation
with retention session (sessions 1-3) as within-subject factor and
drug treatment (propranolol/MK801 vs. saline) as between-subject
factors. The same analysis was used for the no-reactivation groups.
Data were checked for sphericity, and a Huynh—Feldt correction was
used if necessary. Active response data failed to meet homogeneity
of variance requirements of ANOVA and were Log,  transformed
prior to statistical analyses. Data are presented as mean £+ SEM active
nose poke responses in the figures.

RESULTS

EXPERIMENT 1: POST-REACTIVATION PROPRANOLOL (10 mg/kg)

All selected rats learned to respond for alcohol (Figure 1) and
demonstrated equivalent levels of active responding during the
last 2 days of the 19-day training period [reactivation: F(1,19) <1,
p > 0.70]. At the end of the training, rats were divided into two
groups that showed comparable levels of self-administration over
the last two training sessions [i.e., reactivated propranolol treated
(P) rats: 45 * 4.4 rewards; reactivated saline (S) rats: 46 * 5.6
rewards].

The effect of reactivation and treatment on behavior during
the retention sessions was tested using a repeated measures analy-
sis. This analysis revealed that three post-reactivation treatments
with propranolol reduced alcohol seeking over all three retention
days together as evidenced by a significant drug treatment effect

Acquisition
FR2

60
FR1 -O- saline

-e— propranolol

Active nosepokes

c T T T 1
0 5 10 15 20

Day

FIGURE 1 | Acquisition of alcohol self-administration. Responding was
reinforced according to a continuous reinforcement (fixed ratio 1, FR1)
schedule. When FR1 performance levels stabilized, the training schedule
proceeded to FR2 and FR3. When the animals reached stable peak
performance on FR3 the animals were divided into two groups (propranolol
and saline) with similar performance.

[F(1,19) =7.067,p < 0.05; Figure 2A]. No significant within-subject
interactions of retention session X drug treatment was observed
[F(2,38) =2.113,p > 0.1].

A separate group of animals was trained for the no-reactivation
condition. Similar to the animals that were reactivated the no-re-
activation groups [i.e., no-reactivation propranolol (NP) and no-
reactivation saline (NS)] demonstrated equivalent levels of active
responding during the last 2 days of the 19-day training period
[no-reactivation: F(1,15) < 1, p > 0.70] and showed comparable
levels of self-administration (NP: 43 + 2.1 rewards; NS: 40.6 + 4.2
rewards). In contrast, to what was seen in the reactivated condition
repeated treatment without reactivation did not affect alcohol seek-
ing [F(1,15) <1, p>0.80; Figure 2B], indicating that alcohol seeking
behavior was not affected by home cage injections of propranolol.

In all groups, we observed a significant main effect of reten-
tion session, meaning that responding decreased over repeated
testing [reactivation: F(2,38) = 17.596, p < 0.001; no-reactivation:
F(2,30) = 14.781, p < 0.001].

EXPERIMENT 2: POST-REACTIVATION MK801 (0.1 mg/kg)

All groups were trained to stable peak performance and demonstrated
equivalent levels of active responding during the last 2 days of training
[reactivation: F(1,14) < 1,p>0.65]. Reactivated MK801 treated (MK)
rats earned 43 * 5.3 rewards and reactivated saline (S) rats earned
41 £ 2.5 rewards over the last two training sessions. These levels of
responding were comparable to responding in experiment 1.

The repeated measures ANOVA just failed to show a significant
between subject effect of treatment on behavior during the reten-
tion sessions [F(1,14) = 4.189, p = 0.06; Figure 3A]. This indicates
that rats in the MK group had a strong tendency to show less alcohol
seeking compared to the S group in all three retention sessions.

A separate group of animals was trained to test the no-reactivation
MK801 (NMK) and NS conditions. Similar to the reactivated group
these animals demonstrated equivalent levels of active responding
during the last 2 days of the 19-day training period [no-reactivation:
F(1,14) < 1, p > 0.50] and earned comparable numbers of rewards
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FIGURE 2 | Experimental setup. After 19 days of alcohol self-administration
training, rats were left undisturbed for 21 days (abstinence). Subsequently,
they were exposed to the self-administration context in which the house light
and stimulus light were presented continuously and the compound cs was
presented non-contingently (reactivation). Rats received a propranolol or saline
injection directly after reactivation or received a propranolol or saline injection
without reactivation (no-reactivation). One day later the animals were tested
for memory retention (test). Reactivation and testing was repeated two times
every 7 and 14 days after the first retrieval test. (A) Memory retention for
alcohol self-administration after post-retrieval manipulation. Number of active
nose pokes made during retention test 1, 2, and 3. (B) Memory retention for
alcohol self-administration without reactivation. Number of active nose pokes
made during retention test 1, 2, and 3.

(NMK: 45 + 4.1 and NS 40.6 £ 4.2 rewards) during the last 2 days of
training. Repeated treatment without reactivation did not affect alco-
holseeking [F(1,14) = 1.256, p>0.25; Figure 3B|, however, in contrast
to the reactivated condition, NMK animals tended to increase respond-
ing compared to the NS group in all three retention sessions.

Again a significant main effect of retention session was observed,
reduced responding was seen for all treatments [reactivation:
F(1.7,23) = 14.197, p < 0.001; no-reactivation: F(1,14) = 9.234,
p<0.01].

DISCUSSION

Using an operant alcohol self-administration model we dem-
onstrate that (1) relatively old alcohol-related memories are
prone to disruption in a reactivation-dependent manner and

that (2) B-adrenoceptor mediated signaling is critically involved
in reconsolidation of these memories. In addition, animals that
received post-reactivation treatment with NMDA receptor
antagonist MK801 showed a strong tendency to reduce alcohol
seeking (p = 0.06). Moreover, we demonstrate that (3) repeated
post-reactivation treatment (repeated reactivation followed by
propranolol injection), but not single treatment, can result in
diminished relapse to alcohol seeking.

The current experiment adds to our previous findings on
reconsolidation of appetitive memories (Diergaarde et al., 2006),
demonstrating that memory reconsolidation of both sucrose-
and alcohol-related memories is dependent, at least in part, on
B-adrenoceptor mediated signaling. Furthermore, these results
complement and extend on recent findings from von der Goltz
etal. (2009), who show that single post-reactivation treatment with
protein syntheses inhibitor anisomycin reduces cue-induced alcohol
seeking the following day and 7 days after treatment. Interestingly,
this particular study reports a transient effect of post-reactivation
MKS801 treatment; alcohol seeking was reduced the following day,
but not 7 days after treatment. It should be noted that this study used
a saccharin-fading procedure during the alcohol acquisition phase.
This complicates the interpretation of the results, as recent find-
ings indicate that prior instrumental training for a natural rewarder
influences reinstatement of drug seeking behavior (Clemens et al.,
2010).In other words, environmental cues associated with the natu-
ral reinforcer may have interfered with the memory process. We
have shown previously, that reconsolidation of appetitive (sucrose-
related) memories is susceptible to interference (Diergaarde et al.,
2006; Milton et al.,2008b), making it difficult to assess whether prior
saccharin training may have interfered with the reconsolidation
process in the von der Goltz study. However, our experiments, that
did not involve sweetening to facilitate acquisition of alcohol self-
administration, suggest that alcohol-related memories are prone to
disruption in a reactivation-dependent manner. It should be noted
however, that in our study, the observed effect of MK-801 on mem-
ory reconsolidation was only modest. Although the effect of MK-801
treatment seems more apparent during the first test session than
that of propranolol treatment, it did not quite reach significance
over the three sessions. Thus, it seems that the long-term effects of
post-reactivation manipulation of the NMDA receptor are less pro-
nounced than the effects of protein synthesis inhibition or blockade
of B-adrenoceptors. Recent studies by the Everitt group suggest that
this might be due to a time-limited role of NMDA receptors in the
reconsolidation process. Thus, in their hands, injections with the
NMDA receptor antagonist APV or MK-801 were not effective in
reducing instrumental responding for cocaine conditioned rein-
forcement when given post-retrieval but only when given prior to
memory retrieval (Milton etal.,2008a). Similarly, MK-801 impaired
conditioned sucrose seeking when it was administered before, but
not after, a memory reactivation session (Lee and Everitt, 2008a,b;
Milton et al., 2008a). Collectively, these studies, in accordance with
data presented here, suggest that, in addition to the -adrenoceptor,
the NMDA receptor plays a (time-limited) role in reconsolidation
of reward-related memories.

Our results are consistent with other studies suggesting that
memories related to drugs of abuse are prone to disruption. A
recent study addressing this issue in a cocaine self-administration
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FIGURE 3 | Experimental setup. After 19 days of alcohol self-administration
training, rats were left undisturbed for 21 days (abstinence). Subsequently,
they were exposed to the self-administration context in which the house light
and stimulus light were presented continuously and the compound cs was
presented non-contingently (reactivation). Rats received a MK801 or saline
injection directly after or received a MK801 or saline injection without
reactivation (no-reactivation). One day later the animals were tested for
memory retention (test). Reactivation and testing was repeated two times
every 7 and 14 days after the first retrieval test. (A) Memory retention for
alcohol self-administration after post-retrieval manipulation. Number of active
nose pokes made during retention test 1, 2, and 3. (B) Memory retention for
alcohol self-administration without reactivation. Number of active nose pokes
made during retention test 1, 2, and 3.

paradigm demonstrated that pre-reactivation antagonism of
NMDA receptor reduced the conditioned reinforcing properties
of a previously cocaine-paired stimulus (Milton et al., 2008a). In
addition several groups investigating drug-related reconsolidation
in a conditioned place preference (CPP) paradigm have modu-
lated place preference for cocaine, amphetamine, and morphine
(Bernardi et al., 2006; Valjent et al., 2006; Robinson and Franklin,
2007; Sadler et al., 2007). However, a limitation of these studies
is that CPP generally involves relatively new memories, use lim-
ited drug pairings and passive rather than active administration
of drugs of abuse. In this respect using an reinstatement model
designed to mimic aspects of alcohol addiction in humans more
closely has several advantages. In particular it involves, (1) alcohol

self-administration, (2) repeated exposure to alcohol and related
stimuli, (3) alcohol-associated cues that can induce alcohol seeking
and provoke relapse after abstinence, and (4) a 3-week post-training
interval to model relapse after prolonged period of abstinence.

Alternative explanations for our findings need to be consid-
ered. Although retention tests were performed under drug free
conditions, it is possible that non-specific or aversive properties
of propranolol and MK801 resulted in the reduction of alcohol
seeking that was observed. Given that amnestic effects in this experi-
ment were reactivation-dependent, i.e., they were not found in the
no-reactivation groups, non-associative effects of propranolol or
MK801 do not explain our results. This notion is further substan-
tiated by the fact that the doses of propranolol and MK801 used
here have not been reported to induce aversive effects (Sara et al.,
1995; Golden and Houpt, 2007; Milton et al., 2008b).

It might be argued that the observed reduction in alcohol
seeking was caused by the fact that pharmacological treatments
facilitated extinction rather than disrupting reconsolidation. This
possibility, however, seems not very likely. In fact, several stud-
ies indicate that pharmacological activation rather than blockade
of B-adrenergic or glutamatergic signaling facilitates (extinction)
learning (Berman and Dudai, 2001; Bevilaqua et al., 2006; Popik
etal., 2006; Gass and Olive, 2008; Vengeliene et al., 2008), whereas
antagonism under certain circumstances impairs extinction learn-
ing (Bevilaqua et al., 2006; Hsu and Packard, 2008). Moreover, one
of the characteristics of drug addiction is that extinguished drug-
related memories can reinstate spontaneously, due to drug priming,
cue exposure, or stress. In contrast, no spontaneous recovery of
responding for cocaine-associated cues was reported in a recent
study that tested the persistence of memory impairment 15, 22,
and 29 days after propranolol treatment (Milton et al., 2008Db).
Accordingly, cocaine primed reinstatement was abolished in ani-
mals that received repeated post-reactivation propranolol (Fricks-
Gleason and Marshall, 2008). Together, these observations suggest
that a facilitated extinction could not explain our results.

In contrast to our findings, many groups investigating recon-
solidation report that single treatment is sufficient to induce
memory impairment in paradigms for fear conditioning, CPP,
and operant instrumental learning (Debiec and LeDoux, 2004;
Bernardi et al., 2006; Diergaarde et al., 2006; Milton et al., 2008b).
This discrepancy may be explained by the nature of the memories
that are involved in our experiment. Unlike fear-based learning
tasks, that allow rapid association of negative emotionally laden
stimuli, operant instrumental learning requires multiple training
sessions, resulting in many cue-reward pairings. Additionally, our
model involves along post-training period. These methodological
features are thought to strengthen memory formation and may
reduce susceptibility for memory reconsolidation (Suzuki et al.,
2004; Diergaarde et al., 2006). Moreover, the addictive nature
of alcohol is an important factor influencing memory strength
in our paradigm. In addiction, addictive substances, including
alcohol, may employ neural systems that are normally involved
in memory processes (Robbins et al., 2008). It is believed that
drugs of abuse can induce aberrant stimulation of brain structures
involved in reward learning, such as the ventral tegmental area,
nucleus accumbens, and prefrontal cortex, leading to “overlearn-
ing” of drug-related cues (Hyman et al., 2006; Robbins et al., 2008).
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Alcohol is also known to affect processes that are associated with
memory formation. For instance, alcohol exposure affects NMDA-
mediated synaptic plasticity and LTP expression (Hoffman and
Tabakoff, 1996; Fadda and Rossetti, 1998; Hyman et al., 2006).
These alcohol-related effects, together with the multiple training
sessions and the age of the alcohol-related memories in our para-
digm, may render memories more resistant to post-reactivation
manipulations. Our approach of repeated treatment in order to
affect these well established memories related to addictive sub-
stances is not unique. In fact some recent observations indicate
that repeated disruption may be more effective than single. Using
an amphetamine CPP paradigm Sadler et al. (2007) showed that
only repeated treatment, consisting of memory activation tests fol-
lowed by systemic MK-801 administration, reduced expression of
a well established amphetamine-CPP. Differential effects of single
and repeated post-retrieval systemic propranolol injections were
also observed in a cocaine CPP procedure (Fricks-Gleason and
Marshall, 2008). Although both single and repeated propranolol
treatment resulted in a reduced place preference compared to the
saline treated groups, repeated treatment but not single treatment
abolished cocaine primed reinstatement. These results indicate
that single propranolol treatment did weaken the memory but only
repeated treatment disrupted memory for cocaine place prefer-
ence. On the other hand, several studies, including the von der
Goltz study, have observed effects of single treatment (Miller and
Marshall, 2005; Bernardi et al., 2006; Diergaarde et al., 2006; Lee
et al., 2006a; Valjent et al., 2006; Kelley et al., 2007; Robinson and
Franklin, 2007; Itzhak, 2008; Wang et al., 2008; Zhai et al., 2008;

von der Goltz et al., 2009) even on reconsolidation of older drug-
related memories (Diergaarde et al., 2006; Lee et al., 2006b; von
der Goltz et al., 2009). Variation in paradigms, such as species,
training schedule, reactivation parameters, post-training interval,
and extinction sessions, may explain these different observations.
Indeed, successful modulation of reconsolidation appears very
sensitive to the specific methodological parameters used (Sara,
2000; Tronson and Taylor, 2007). Nevertheless, collectively, these
studies suggest that under certain conditions memories related to
drug of abuse undergo reconsolidation. It is therefore of impor-
tance to elucidate the signaling pathways mediating NMDA recep-
tor and -adrenoceptor related effects on reconsolidation of drug
of abuse related memories. The basolateral amygdala seems a likely
candidate structure to study these molecular mechanisms, given
that it is believed to be involved in associative reward learning
and cue-induced relapse (Kalivas and McFarland, 2003; Kelley,
2004). Moreover, B-adrenoceptor and NMDA receptor antago-
nism in this region impairs reconsolidation of fear and cocaine
self-administration related memories (Debiec and LeDoux, 2004;
Milton et al., 2008a).

In conclusion we demonstrate in an animal model of relapse
to alcohol seeking, that reconsolidation occurs for old alcohol-
related memories upon their reactivation and that particularly
noradrenergic transmission plays an important role in this proc-
ess. These findings suggest that pharmacological intervention in
cue-exposure therapies for addictive behaviors may be useful in
reducing relapse toward alcohol use and that repeated treatment
could be beneficial.
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