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Ventral Tegmental Dopamine Dysregulation Prevents
Appetitive Memory Destabilization

Amy C. Reichelt, Marc T. Exton-McGuinness, and Jonathan L.C. Lee
School of Psychology, University of Birmingham, Birmingham, B15 2TT, United Kingdom

Through the process of reconsolidation, memories can be updated to maintain their relevance. To reconsolidate, a memory must first be
destabilized in a process that we have hypothesized is initiated by a prediction error signal. Here we demonstrate that dysregulation of
ventral tegmental area (VTA) signaling, which is thought to mediate prediction errors, prevented the destabilization of an appetitive
goal-tracking memory in rats. We additionally show that intra-VTA infusion of either the competitive NMDA antagonist AP5 or the
noncompetitive NMDA antagonist MK-801 does not selectively disrupt reconsolidation, indicating that the VTA may not be an important
neural locus of reconsolidation-related neural plasticity.

Introduction
The updating of long-term memories is essential to maintain
their relevance in day-to-day life. The mechanism by which
memories are updated has been linked to the process of memory
reconsolidation (Lee, 2009). The retrieval of memories can lead
to their destabilization, requiring a restabilization process that is
known as reconsolidation (Alberini, 2005; Nader and Hardt,
2009). Reconsolidation appears to occur specifically under con-
ditions that enable memory updating. Therefore, the plasticity
involved in reconsolidation may enable the integration of updat-
ing information (Lee, 2009). Given that trial-by-trial learning is a
form of memory updating and that it is conceptually linked to
prediction error signals, we hypothesized that prediction error is
a prerequisite for memory destabilization and reconsolidation
(Lee, 2009). Although hypothesized prediction errors have been
closely linked to memory destabilization (Sevenster et al., 2013),
it has yet to be demonstrated that prediction error signals are
necessary for memory destabilization. Therefore, we tested the
hypothesis that dysregulation of prediction error signals would
prevent memory destabilization.

We have recently demonstrated that memory reconsolidation
is disrupted by systemic injections of the NMDA receptor antag-
onist (�)-5-methyl-10,11-dihydro-5H-dibenzo[a,d]cyclohep-
ten-5,10-imine maleate (MK-801) in a Pavlovian-conditioned
approach setting (Reichelt and Lee, 2012; but see Blaiss and
Janak, 2009). Moreover, in a similar setting, prediction error sig-

naling is critically dependent upon ventral tegmental area (VTA)
dopaminergic activity (Takahashi et al., 2009). This prediction
error is governed by phasic dopamine signaling originating
within the midbrain and is bidirectional in nature (Waelti et al.,
2001). This indicates that the unexpected omission of a reward or
delivery of a reward of a lesser value is demonstrated to generate
a negative prediction error signal (Hollerman and Schultz, 1998;
Takahashi et al., 2009). Given that MK-801 impairs reconsolida-
tion under the same behavioral conditions of overexpectation
(Reichelt and Lee, 2013), it can be hypothesized that prediction
error signals are necessary to destabilize memories so that they
can be updated. Therefore, we tested the hypothesis that dysregu-
lation of VTA dopaminergic signaling would impair the putative
prediction error signal induced by memory retrieval to prevent
goal-tracking memories from being destabilized. As a result,
those memories would be resistant to the amnestic effect of MK-
801 (Ben Mamou et al., 2006). In Experiment 1a, microinfusions
of the GABA agonists baclofen and muscimol, the dopamine D2

antagonist sulpiride, or PBS (control), were made before mem-
ory reactivation to dysregulate the VTA and to disrupt the puta-
tive negative prediction error signal. Rats were then administered
systemic MK-801 or saline to disrupt memory reconsolidation as
previously demonstrated by Reichelt and Lee (2012). In Experi-
ment 1b, we tested the hypothesis that the VTA is not the locus of
amnestic effect of systemically administered MK-801 and instead
provides a critical signal to brain regions where this updating
mechanism takes place.

Materials and Methods
Animals. Ninety-eight experimentally naive male Lister Hooded rats (Har-
lan) weighing between 260 and 290 g were used in the experiment. Rats were
housed in groups of four on a 12 h light/dark cycle. Before behavioral train-
ing, rats were food restricted to 85–90% of their free feeding weights. All rats
were handled before behavioral training. Behavioral training was performed
between 8:00 A.M. and 11:00 A.M. each day. Animal husbandry and exper-
imental procedures were conducted in compliance with the United King-
dom Animals (Scientific Procedures) Act 1986 (PPL 40/3205).

Surgery. Stainless steel guide cannulae (26G, Cooper’s Needleworks)
were implanted bilaterally in the VTA (5.4 mm posterior to bregma, 1.8
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mm lateral, and 7.3 mm vertical, angled at 10° toward the midline from
vertical).

Behavioral procedure. Pavlovian-conditioned approach training was
performed in eight standard behavioral chambers (Med Associates),
housed in sound attenuating boxes (see Reichelt and Lee, 2012). Rats
were trained to respond to two discriminable auditory stimuli (click or
tone; CS � and CS �; 10 presentations of each per session; see Fig. 1A) for
6 d as previously described (Reichelt and Lee, 2012). Stimuli were pre-
sented for 30 s, with 30 s Pre-CS and interstimulus periods. Discrimina-
tion performance was measured by response ratios calculated by
magazine responding during CS presentation/(CS � Pre-CS respond-
ing). Thus, response ratios � 0.5 indicate increased responding to the CS
compared with baseline responding, whereas a ratio � 0.5 indicates no
difference from Pre-CS responding and therefore no discriminative per-
formance. For the first 3 d of training, the CS � was reinforced with
delivery of one sucrose pellet at the start of the CS and two pellets at
the end of the CS; for days 4 – 6, three pellets were delivered at the
termination of the CS �. After training, a short reactivation procedure
took place, in which rats were exposed to three nonreinforced presen-
tations of each CS. At test, rats were exposed to 10 nonreinforced
presentations of each CS.

Drugs. In Experiment 1a, rats received bilateral microinfusions of 0.1
mM muscimol/1.0 mM baclofen (GABAA/B agonists, Sigma-Aldrich) at a
volume of 0.15 �l per site (Takahashi et al., 2009), 1 �g sulpiride (dopa-
mine D2 antagonist, Sigma-Aldrich) at a volume of 0.5 �l per site
(Nazari-Serenjeh et al., 2011), or sterile 0.9% PBS (at equivalent vol-
umes) to serve as a control infusion immediately before the reactivation
session. Rats were administered MK-801 (Sigma-Aldrich), dissolved in
0.9% saline (0.1 mg/ml) at a dose of 0.1 mg/kg by intraperitoneal injec-
tion immediately after the reactivation procedure. Saline (0.9%) served
as vehicle control.

In Experiment 1b, rats were infused with 0.3 �g AP5 (NMDA receptor
antagonist, Sigma-Aldrich) at a volume of 0.3 �l (Svensson et al., 1998),
MK-801 at a volume of 0.3 �l (Petralia et al., 2007), or 0.3 �l sterile 0.9%
PBS per site immediately before the reactivation session. No postreacti-
vation injections were made. A test 24 h after reactivation was then per-
formed as described in Experiment 1a.

Histology. After testing, rats were killed using CO2, and brains ex-
tracted and fixed in 4% PFA for histological verification of cannula place-
ments. Coronal sections (60 �m) were sliced on a vibratome and stained
with cresyl violet. The brains were then verified for cannulae placement
under a light microscope.

Results
Three rats failed to acquire the discriminations (responding more
to the CS� than the CS� on the final day of training) and were
excluded from data analyses. Nine rats did not complete the ex-
periment because of ill health or loss of the headcap attaching the
cannulae to the skull surface. Finally, six rats were excluded from
analysis because of incorrect cannulae placements (for histologi-
cal verification, see Fig. 1B,C).

Test data were analyzed using repeated-measures ANOVAs
with within factors of CS (CS�, CS�) and between-subjects fac-
tor of drug (MK-801, saline) for each infusion group (PBS, mus-
cimol and baclofen [M/B], sulpiride) in Experiment 1a. In
Experiment 1b, data were analyzed using repeated-measures
ANOVAs with within factors of CS (CS�, CS�) and between-
subjects factor of infusion group (PBS, AP5, MK-801).

Experiment 1a
All groups had acquired the discriminations equally by the end of
training (Table 1) (main effect of CS, F(1,50) � 68.603, p � 0.001;
main effect of drug, F(5,50) � 1; CS � drug interaction, F(5,50) �
1.011, p � 0.421).

The VTA was dysregulated by infusions of M/B (Takahashi et
al., 2009) or sulpiride. Infusions had no effect on discriminative

performance during memory reactivation (Table 1) (main effect
of CS, F(1,50) � 27.182, p � 0.001; main effect of drug, F(5,50) � 1;
CS � drug interaction, F(5,50) � 1).

In control rats infused with PBS vehicle, postretrieval injec-
tion of MK-801 impaired reconsolidation to reduce discrimi-
nated responding to the stimulus previously associated with
sucrose (Fig. 2A). Whereas saline-injected rats responded more
to the CS� than the unpaired CS�, MK-801-injected rats showed
no such preference. There was a significant MK-801 � CS inter-
action (F(1,17) � 5.746, p � 0.049), with a significant main effect
of CS (F(1,16) � 11.253, p � 0.007), but no main effect of MK-801
(F(1,17) � 1). Analysis of simple effects revealed a significant effect
of CS in rats administered saline (F(1,17) � 14.129, p � 0.002), but
not in rats administered MK-801 (F(1,17) � 1). These results rep-
licate our previous observation that MK-801 impairs the recon-
solidation of goal-tracking memories (Reichelt and Lee, 2012),
with the difference that MK-801 was administered after the re-
trieval session in the present study, as opposed to 30 min before
memory retrieval previously. Moreover, there appeared to be no
nonspecific impact of VTA cannulation or vehicle infusion upon
goal-tracking performance.

When M/B was infused into the VTA before memory retrieval,
postsession MK-801 was without effect on subsequent goal track-
ing (Fig. 2B). There was a significant main effect of CS (F(1,16) �
27.967, p � 0.001), with no effect of MK-801 (F(1,16) � 1) or
MK-801 � CS interaction (F(1,16) � 1). Therefore, both groups
responded more to the CS� than to the CS�. Importantly, a
direct comparison between the PBS- and M/B-infused rats re-
vealed evidence that M/B did indeed protect against the amnestic
effect of MK-801. For those rats injected with MK-801, infusion
of M/B had a significant effect, revealed by a significant M/B � CS
interaction (F(1,15) � 5.743, p � 0.03), with a significant main
effect of CS (F(1,15) � 10.416, p � 0.006), but not of M/B (F(1,15) �
1.898, p � 0.189). In contrast, there was no effect of M/B infusion
alone, as there were no differences between the groups injected
with saline (M/B � CS interaction, F(1,17) � 1; main effect of
M/B, F(1,17) � 1.016, p � 0.328; main effect of CS, F(1,17) �
32.564, p � 0.001). Therefore, infusion of M/B into the VTA
prevented the goal-tracking memory from destabilizing, thereby
protecting it against the amnestic effect of MK-801.

This protective effect of M/B was replicated by infusions of
sulpiride into the VTA (Fig. 2C). There was a significant main
effect of CS (F(1,16) � 44.144, p � 0.001), with no effect of
sulpiride (F(1,16) � 1) or sulpiride � CS interaction (F(1,16) �
1). Therefore, both sulpiride-infused groups responded more
to the CS � than to the CS �. Again, a direct planned compar-
ison between the PBS- and sulpiride-infused rats revealed ev-
idence that sulpiride did protect against the amnestic effect of
MK-801. For the rats injected with MK-801, infusion of
sulpiride had a significant effect (sulpiride � CS interaction,
F(1,17) � 5.974, p � 0.026; main effect of sulpiride, F(1,17) � 1;
main effect of CS, F(1,17) � 11.187, p � 0.004). In contrast,
there was no effect of sulpiride infusion alone, as there were no
differences between the groups injected with saline (sulpiride �
CS interaction, F(1,15) � 1; main effect of sulpiride, F(1,15) � 1;
main effect of CS, F(1,15) � 54.574, p � 0.001). Therefore, infu-
sion of sulpiride into the VTA also prevented the goal-tracking
memory from destabilizing and, hence, protected it from the
amnestic effect of MK-801.

The drug treatments had no effect on levels of responding
overall, measured by magazine entries during the Pre-CS and CS
(Table 2; main effect of drug, F(5,50) � 1.202, p � 0.321; main
effect of CS, F(1,50) � 46.561, p � 0.001; CS � drug interaction,
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F(5,50) � 2.73, p � 0.029); demonstrating discriminative perfor-
mance was disrupted in the PBS/MK-801 condition (F(1,50) � 1)
but not in other microinfusion conditions (F values � 4.172).

Experiment 1b
Equal baseline responding was observed on the final day of train-
ing (Table 1), indicating that all groups had acquired the discrim-
inations equally (main effect of CS, F(1,20) � 40.387, p � 0.001;
main effect of drug, F(1,20) � 1; CS � drug interaction, F(2,20) � 1).

Microinfusions did not affect discriminative performance
during memory reactivation (Table 1) (main effect of CS,

F(1,20) � 7.968, p � 0.01; main effect of drug, F(1,20) � 1.459, p �
0.256; CS � drug interaction, F(2,20) � 1.01, p � 0.382).

Importantly, the neuroanatomical locus of action of sys-
temically applied MK-801 is highly unlikely to be the VTA
(Fig. 2D), as intra-VTA infusions of AP5 or MK-801 did not
replicate the effect of systemic injections of MK-801 (drug �
CS interaction, F(2,20) � 1; main effect of drug, F(2,20) � 1;
main effect of CS, F(1,20) � 17.99, p � 0.001). This demon-
strates that, although the locus of reconsolidation plasticity of
the Pavlovian-conditioned approach memory remains to be
determined, the control of its destabilization is regulated, at

Figure 1. A, Experimental design. B, Representation of cannulae placements in Experiment 1a (coronal sections; mm from bregma). C, Cannulae placements in Experiment 1b. D, Photomicro-
graph depicting cannula placements. Arrows indicate cannula tips.
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least in part, by activity in an anatomically distinct brain
region.

Discussion
The present results show that infusion of M/B or sulpiride into
the VTA protects a reactivated goal-tracking memory from being
disrupted by postreactivation injections of MK-801. The phar-
macological protection of reactivation-dependent amnesia has
been demonstrated previously (Ben Mamou et al., 2006) and has
been interpreted as reflecting a prevention of memory destabili-
zation. As the memory is not destabilized, it does not require
reconsolidation and therefore is rendered resistant to the am-
nestic effect of protein synthesis inhibitors or, here, MK-801.
Thus, our infusions into the VTA ap-
pear to impair goal-tracking memory
destabilization.

Recently, Sevenster et al. (2013) have
demonstrated that the reconsolidation of
human fear memories only takes place
when the reactivation session induces a
putative prediction error signal, indepen-
dently verified by a mismatch between
subjective expectancy ratings and the ac-
tual occurrence of the outcome. There-
fore, administration of the �-adrenergic
antagonist propranolol had no effect on
subsequent postreactivation measures of
fear when retrieval was not seemingly suf-
ficient to generate a prediction error.
However, this does not by itself demon-
strate that the occurrence of putative pre-
diction error signals, such as those
established in the nonhuman literature to
be elicited in midbrain dopaminergic
neurons for appetitive Pavlovian condi-
tioning (Valentin and O’Doherty, 2009),
is necessary for the destabilization of
memories. Despite the cross-species and
cross-paradigm comparisons, the combi-
nation of the previous work by Sevenster
et al. (2013) and our current results
strongly suggests that prediction error sig-
nals are truly necessary for memory destabilization and the in-
duction of reconsolidation. Indeed, another recent study of rat
fear conditioning lends further support to the necessity for error
signaling in triggering memory reconsolidation. Diaz-Mataix et
al. (2013) focused on the temporal occurrence of the aversive
footshock outcome, showing that the unpredictable timing of the
footshock at memory reactivation was closely associated with the
induction of memory reconsolidation.

The link between prediction error signals and reconsolidation
is also supported by a number of studies in appetitive goal track-
ing. Using a Pavlovian overexpectation procedure that elicits
negative prediction errors, Takahashi et al. (2009) demonstrated
that the same M/B infusions as used in the present study impaired
error-driven memory updating. We used a very similar proce-
dure to show that Pavlovian overexpectation triggers memory
reconsolidation, which we interpreted as mediating the error-
driven memory updating (Reichelt and Lee, 2013), suggesting a
relationship between functional prediction error signals and
memory reconsolidation. As the extinction procedure in the
present study is similarly hypothesized to elicit negative predic-
tion error signals (Rescorla, 2003), and reconsolidation in both

the present goal-tracking task and the overexpectation paradigm
are commonly impaired by MK-801 (Reichelt and Lee, 2012,
2013), the present demonstration that VTA dysregulation pre-
vents memory destabilization and reconsolidation suggests that
the effect of VTA dysregulation is the result of the disruption of
negative prediction error signaling.

The common effect of M/B, as GABA receptor agonists, and
sulpiride, as a D2 dopaminergic receptor antagonist, is most likely

Figure 2. A, In PBS-infused controls, MK-801 impaired reconsolidation to abolish discriminated approach (PBS/saline, N � 11;
PBS/MK-801, N � 9). B, Infusion of M/B protected against the amnestic effect of MK-801 (MB/saline, N � 11; MB/MK-801, N �
9). C, Infusion of sulpiride replicated the effect of M/B (sulpiride/saline, N � 8; sulpiride/MK-801, N � 10). D, Infusion of AP5 or
MK-801 into the VTA did not disrupt memory reconsolidation (PBS, N � 9; AP5, N � 9; MK-801, N � 6). Data are mean � SEM.
Dashed line indicates a discrimination ratio of 0.5 (no CS-induced alteration in responding).

Table 1. Discriminative performance on the final day of training (baseline) and
during reactivation in each drug group in Experiments 1a and 1ba

Baseline Memory reactivation

Infusion/drug CS � CS � CS � CS �

PBS/saline 0.75 (0.03) 0.53 (0.05) 0.79 (0.04) 0.56 (0.06)
PBS/MK-801 0.75 (0.03) 0.59 (0.05) 0.66 (0.08) 0.45 (0.12)
MB/saline 0.77 (0.03) 0.46 (0.05) 0.81 (0.04) 0.54 (0.07)
MB/MK-801 0.72 (0.04) 0.53 (0.07) 0.73 (0.07) 0.53 (0.09)
Sulpiride/saline 0.74 (0.04) 0.58 (0.05) 0.71 (0.08) 0.45 (0.10)
Sulpiride/MK-801 0.77 (0.04) 0.52 (0.07) 0.77 (0.10) 0.41 (0.13)
PBS 0.76 (0.03) 0.53 (0.05) 0.76 (0.05) 0.34 (0.09)
MK-801 0.79 (0.02) 0.55 (0.06) 0.71 (0.15) 0.54 (0.07)
AP5 0.78 (0.04) 0.56 (0.06) 0.78 (0.07) 0.56 (0.10)
aData are mean (SEM).

Table 2. Raw responding to the magazine port during CS presentations and Pre-CS
at test in each drug groupa

Infusion/drug

CS � CS �

CS Pre-CS CS Pre-CS

PBS/saline 38.8 (4.8) 15.2 (2.1) 15.2 (2.1) 10.1 (2.6)
PBS/MK-801 15.1 (3.1) 10.2 (2.2) 7.4 (1.8) 11.3 (3.5)
MB/saline 49.5 (6.6) 14.9 (3.1) 6.6 (1.7) 10.9 (2.6)
MB/MK-801 43.0 (10.6) 10.3 (2.7) 14.9 (3.5) 19.3 (3.3)
Sulpiride/saline 51.9 (11.7) 12.5 (4.3) 8.4 (2.4) 16.4 (5.2)
Sulpiride/MK-801 37.4 (12.5) 10.7 (4.8) 16.5 (5.3) 11.6 (3.4)
a
Data are mean (SEM).
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the result of dysregulation of VTA dopaminergic efferents that
code for prediction error signals. The use of M/B, and its resultant
inhibition of the VTA, has previously been argued to impair the
phasic suppression of DA neuronal firing that is hypothesized to
regulate learning in response to negative prediction errors (Hol-
lerman and Schultz, 1998; Takahashi et al., 2009). The memory
retrieval in the current study occurs in extinction and, hence,
would be similarly hypothesized to induce a negative prediction
error signal that is thought to be necessary to drive
reconsolidation-mediated memory updating. Therefore, it is also
of note that infusion of sulpiride into the VTA results in the same
qualitative outcome. Intra-VTA infusion of sulpiride has been
demonstrated to result in the activation of inhibitory D2 autore-
ceptors, thus increasing tonic dopamine release in the nucleus
accumbens (Westerink et al., 1996). It could be expected that
such a tonic increase would enhance the signal-to-noise ratio of a
phasic decrease, thereby potentiating the prediction error signal.
However, the present results suggest that the tonic increase in-
stead, by some mechanism, masks the phasic suppression of DA
firing that characterizes the prediction error signal. It should be
noted that the use of manipulations that alter tonic dopaminergic
activity only indirectly implicates phasic dopaminergic signals in
appetitive memory destabilization. Optogenetic techniques have
recently been used to induce phasic dopaminergic signals in the
VTA, thereby providing direct functional evidence for the in-
volvement of these signals in learning using extinction and block-
ing paradigms (Steinberg et al., 2013). Such an experimental
approach would be predicted also to enable memory destabiliza-
tion under behavioral (boundary) conditions that do not nor-
mally engage reconsolidation.

In our previous study of memory reconsolidation in the goal-
tracking setting, we revealed discrete boundary conditions on
memory reconsolidation (Reichelt and Lee, 2012). Insufficient
stimulus reexposure relative to the strength of training did not
result in MK-801-induced reconsolidation impairment. In con-
trast, excessive stimulus reexposure resulted in extinction, rather
than reconsolidation, being disrupted. Therefore, we can posit
that memories may not undergo reconsolidation when the reac-
tivation session does not sufficiently generate a prediction error
capable of inducing destabilization. Moreover, the parametric
conditions in the present study are known to engage reconsoli-
dation, rather than extinction, and so the behavioral effects of
MK-801 highly likely reflect impairments in reconsolidation,
rather than enhancements in extinction (but see Lattal and
Wood, 2013). Previously, we used prereactivation injections of
MK-801 successfully to disrupt reconsolidation (Reichelt and
Lee, 2012). However, in the present experiment, it was necessary
to use postreactivation MK-801 injections. Given the experimen-
tal aim targeting of memory destabilization, we adopted the ra-
tionale originally used by Ben Mamou et al. (2006) with the
putative destabilization inhibitor administered before memory
reactivation and the reconsolidation inhibitor administered
postreactivation. Indeed, MK-801 has been used successfully to
impair memory reconsolidation with postreactivation injections
in other experimental settings (Lee and Everitt, 2008; Charlier
and Tirelli, 2011).

Importantly, we also demonstrated that direct intra-VTA in-
fusion of MK-801 or the alternative NMDA receptor antagonist
AP5 did not replicate the systemic effect of MK-801 on memory
reconsolidation. Intracerebral infusions of AP5 have previously
been used to complement the systemic administration of MK-
801, to inform the central locus of action of systemically applied
NMDA receptor antagonists (Sakurai et al., 2007; Milton et al.,

2008), despite their differing modes of action. Therefore, the lack
of amnestic effect of either drug strongly suggests that the VTA is
likely not the central locus of action of the effect by systemically
applied MK-801 to impair reconsolidation in the current study.
Moreover, this means that reconsolidation is supported by the
coordinated activity of a number of neural loci. Although it has
been previously established that functional synaptic plasticity
takes place in multiple neural loci to support appetitive memory
reconsolidation (Milekic et al., 2006), there is little evidence sug-
gesting that neural activity, but not synaptic plasticity, in one area
regulates reconsolidation-related plasticity in a different region.
Previous work has demonstrated a crucial role of the dorsal hip-
pocampus in its contribution to reconsolidation in an appetitive
setting. It has been shown that localized microinfusion of the
sodium channel blocker TTX, but not the protein synthesis in-
hibitor anisomycin, administered into the dorsal hippocampus
inhibited drug context-induced cocaine-seeking behavior in a
memory reactivation-dependent manner (Ramirez et al., 2009).
This study indicated TTX-sensitive mechanisms controlling neu-
ral activity within the dorsal hippocampus that are necessary for
the reconsolidation of cocaine-related memories; however, the
lack of anisomycin-impaired reconsolidation in this procedure
suggests that the dorsal hippocampus facilitates reconsolidation-
related synaptic plasticity in other regions, such as the amygdala
(Ramirez et al., 2009). In contrast, the present effects of VTA
modulation on memory reconsolidation presented in these cur-
rent studies are unique in showing that the regulation of memory
destabilization in one neural locus (outside the VTA) is achieved
by neural activity in a different area (VTA). We cannot exclude,
however, the possibility that there is some functional plasticity in
the VTA supporting goal tracking reconsolidation.

Although the VTA is not a likely important central locus of
action of MK-801, there are several other candidate regions. For
goal-tracking specifically, the nucleus accumbens core and cen-
tral amygdala have been functionally implicated (Gallagher et al.,
1990; Parkinson et al., 2000). Moreover, the basolateral amygdala
and nucleus accumbens have been implicated in the cellular plas-
ticity that underlies appetitive Pavlovian memory reconsolida-
tion (Theberge et al., 2010), although there has yet to be any
similar demonstration for the central amygdala. The focus on the
amygdala and nucleus accumbens is of particular relevance as
VTA dopaminergic neurons have strong efferent projections to
these areas (Swanson, 1982). Therefore, it is likely that the regu-
lation of the destabilization of goal-tracking memories is
achieved by midbrain dopaminergic innervation of the amygdala
and/or nucleus accumbens.

In conclusion, the functional regulation of memory destabili-
zation and reconsolidation by prediction error signaling further
reinforces the hypothesis that reconsolidation plays a critical role
in memory updating, and indicates that reconsolidation may be a
mechanistic component of certain theories of learning.

Note added in proof. It has been demonstrated recently that cen-
tral nucleus plasticity is necessary for the reconsolidation of alcohol-
associated memories (Barak et al., 2013).
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