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ARTICLE INFO ABSTRACT

Background: Sub-anesthetic doses of the NMDA antagonist ketamine have been shown to model the formation
and stability of delusion in human subjects. The latter has been predicted to be due to aberrant prediction
error resulting in enhanced destabilization of beliefs. To extend the scope of this model, we investigated the effect
of administration of low dose systemic ketamine on memory in a rodent model of memory reconsolidation.

Methods: Systemic ketamine was administered either prior to or immediately following auditory fear memory
reactivation in rats. Memory strength was assessed by measuring freezing behavior 24 h later. Follow up exper-
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S cf;;"zlophrenia iments were designed to investigate an effect of pre-reactivation ketamine on short-term memory (STM), closely
Ketamine related memories, and basolateral amygdala (BLA) specific destabilization mechanisms.

Results: Rats given pre-reactivation, but not post-reactivation, ketamine showed larger freezing responses 24 h
later compared to vehicle. This enhancement was not observed 3 h after the memory reactivation, nor was it
seen in a closely related contextual memory. Prior inhibition of a known destabilization mechanism in the BLA
blocked the effect of pre-reactivation ketamine.

Conclusions: Pre- but not post-reactivation ketamine enhances fear memory. These data together with recent
data in human subjects supports a model of delusion fixity that proposes that aberrant prediction errors result

Fear conditioning
Reconsolidation

in enhanced destabilization and strengthening of delusional belief.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Delusions are fixed false beliefs. They are a characteristic of schizo-
phrenia. Many delusions respond well to drugs that block dopamine D,
receptors in striatum. However, up to 50% of patients experience residual
delusions (Curson et al., 1985; Kane, 1996). This is devastating for patients
and their families. The public health impact is significant (Lindenmayer,
2000); those for whom current medications are ineffective are more like-
ly to be hospitalized long term, to have poor functional outcome and to
engage in suicidal behavior (Meltzer and Okayli, 1995). Patients with
treatment-refractory delusions do not show the typical pattern of striatal
dopamine disruption (Demjaha et al., 2012), suggesting that other brain
regions and neurotransmitters may be involved. There is a clear need
for new treatments, inspired not by serendipity but by the development
of a precise understanding of the neurocognitive mechanisms of delusion.

Delusions are, however, challenging to study empirically — the suffer-
er often denies any problem (Gibbs and David, 2003) and they don't
present for clinical attention until their delusions are fully formed (Corlett
et al,, 2007). Experimental models provide a unique experimental win-
dow onto an otherwise inaccessible disease process (Corlett et al.,
2007). Ketamine, the NMDA glutamate receptor antagonist compound,
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transiently and reversibly engenders delusion-like ideas in healthy
human volunteers (Pomarol-Clotet et al., 2006). Likewise, ketamine ad-
ministration in animal models can generate behavioral and neural dis-
ruptions that mimic human psychosis with face and construct validity
(Corlett et al., 2007). In this report we used the ketamine model in a
study of rodent learning and memory, to examine a phenomenon hither-
to under explored in clinical and preclinical neuroscience, the fixity of
delusions.

Setting aside philosophical questions regarding whether animals
have beliefs (Dennett, 1995), pre-clinical behavioral neuroscience has
furnished psychiatry with candidate processes that might contribute
to the formation, updating and maintenance of beliefs in humans
(Dickinson, 2001). One such process, prediction error, represents the
mismatch between our expectancy in a given situation and what we ex-
perience (Rescorla and Wagner, 1972). It is signaled by dopamine and
glutamate neural activity in the brain (Lavin et al., 2005). By reducing
the mismatch between expectancy and experience we improve our
ability to anticipate the causal structure of the environment and we
form causal beliefs (Dickinson, 2001).

Using functional magnetic resonance imaging (fMRI) we established
a neurobiological marker for prediction error in the right dorsolateral
prefrontal cortex (Fletcher et al., 2001; Corlett et al., 2004; Turner
et al., 2004). We used this marker to implicate aberrant prediction
error in the genesis of endogenous delusions (Corlett et al., 2006) as
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well as those induced by ketamine in healthy volunteers (Corlett et al.,
2006). We argue when prediction errors are signaled internally and in-
appropriately (Grace, 1991), individuals attend to and learn about irrel-
evant events. Delusions result as explanations for such aberrant
experiences (Corlett et al., 2010).

We recently argued that the fixity of delusions might also be driven
by prediction error, if we consider what happens to memories when
they need to be updated (Corlett et al., 2009). The surprising (or predic-
tion error driven) recall of a consolidated memory renders it labile and
sensitive to disruption (Misanin et al., 1968; Nader et al., 2000). This
process of memory reconsolidation is in competition with extinction
learning (formation of a new competing memory that overrides the
initial one) and the balance between the two may be mediated by pre-
diction error (Pedreira et al., 2004; Eisenhardt and Menzel, 2007).
Reconsolidation based memory strengthening (Lee, 2008) or reminder
learning is mediated by positive prediction errors (Pedreira et al.,
2004; Eisenhardt and Menzel, 2007; Lee, 2008).

Aberrant prediction error signaling should engender reminding of
the initial memory and inappropriate strengthening — leading to excep-
tionally strong delusional memories (Corlett et al., 2009). Reactivating
fear memories in human subjects under the influence of ketamine en-
hances subsequent expression of those memories (Corlett et al.,
2013). Vulnerability to this enhancement is predicted by the neural pre-
diction error signal and the severity of ketamine induced psychosis
(Corlett et al., 2013), providing initial support for the model — delusions
are formed and maintained due to aberrant prediction errors (Corlett
et al., 2009). In the present study we sought to replicate and extend
this finding in a preclinical setting.

Our understanding of reconsolidation in rodents is much greater and
more nuanced than that in human subjects. From preclinical work, we
know memory reconsolidation is composed of at least two separate
processes, destabilization, and re-stabilization (Lee, 2008). The latter pro-
cess depends on similar processes to consolidation [such as protein syn-
thesis and gene transcription (Tronson and Taylor, 2007)], however,
memory reconsolidation is molecularly distinct from consolidation
(Lee et al., 2004). The former, destabilization, is a process dependent on
prediction error (Winters et al., 2009; Sevenster et al., 2012, 2013) and
GluN2B containing NMDA receptor activity (Ben Mamou et al., 2006;
Milton et al, 2013). We examined the effect of ketamine on
auditory fear reconsolidation in rodents, which is known to be critically
dependent on the basolateral amygdala (BLA). We predicted an effect of
ketamine on destabilization. Previous research has shown that while ma-
nipulations of re-stabilization are effective when administered prior to or
immediately following memory reactivation (i.e. Nader et al., 2000; Lee,
2008), manipulations of memory destabilization are effective when ad-
ministered prior to, but not immediately following memory retrieval
(Ben Mamou et al., 2006). Following our model predictions (Corlett
et al,, 2009) and human data (Corlett et al.,, 2013), we hypothesized that
ketamine would enhance fear memory when administered prior to, but
not immediately following fear memory reconsolidation.

2. Methods
2.1. Subjects

Adult Sprague-Dawley male rats weighing about 300 g (Charles
River) were pair-housed and maintained on a 12-h light-dark cycle,
with food and water provided ad libitum. All procedures were in accor-
dance with the Yale Animal Resources Center, and were approved by
the Yale Institutional Animal Care and Use Committee.

2.2. Apparatus
Context A: Med-Associates' chambers were lit by near-infrared light

with inserted white plastic floors and rounded walls, and
wiped down with 1% ascetic acid

Context B: The apparatus was changed by lighting it with diffuse white
light, removing the plastic inserts rectangular plexiglass,
acrylic and stainless steel aluminum walls, metal grid floors
and wiped down with 70% ethanol

2.3. Fear conditioning (training)

Twenty-four hours following two days of exposure to Context A
animals were trained in Context B. Following 180 s of acclimatization
three 30 s tones (5000 Hz 75 dB) co-terminated with a mild foot
shock (17 0.7 mA); the intertrial intervals were 60 s and 30 s following
the final shock they were removed from the chamber. To avoid ceiling
effects following surgery in Experiment #4 the shock intensity was re-
duced to 0.5 mA.

2.4. Fear conditioning (reactivation)

Twenty-four hours after training animals were placed in Context A.
After 180 s of acclimatization a 30 second tone was presented. Animals
were removed from the context 30 s after the tone. All drug manipula-
tions were performed either prior to, or immediately following this re-
activation session.

2.5. Fear conditioning (testing)

Twenty-four hours after reactivation animals were returned to Con-
text A and exposed to three 30 second tone presentations (ITI 60 s) fol-
lowing 180 s of acclimatization (post-reactivation long-term memory
test [PR-LTM]). Tests of contextual fear were performed in the same
context as training, Context B. For this test animals were placed in the
chamber for 5 min.

2.6. Measurement of freezing behavior

The default settings for the Med-Associates' automated freezing soft-
ware have been calibrated for detecting mice (Anagnostaras et al.,
2010). Using a similar approach we determined that to detect freezing
behavior in rats, optimal freezing was defined as the Motion Index
being less than 75 for at least 15 frames (0.5 s). Auditory evoked freez-
ing behavior was scored continuously for each of the three tones and
analyzed as average percent. Context evoked freezing behavior was
scored continuously for the duration of the test and analyzed as percent
of total time.

2.7. Surgery

Rats were anesthetized with a combination of 87.5 mg/kg ketamine
and 5 mg/kg xylazine. Rats were administered 5 ml of lactated Ringer's
solution and 5 mg/kg of the analgesic Rimadyl before implantation with
bilateral intracranial cannulae (3.0 mm posterior, 5.2 mm lateral and
8.0 mm ventral of bregma. 22 gauge; Plastics One) and given seven
days to recover.

2.8. Drugs

Ketamine (dissolved in sterile saline, 10 mg/kg: Henry Schein,
Melville, NY) was administered intraperitoneally (i.p.). In Experiment
#4 ifenprodil (2 pg/ul for two minutes at 0.25 pl/min: Sigma-Aldrich,
St. Louis, MO) or vehicle (sterile saline) was infused into the BLA.

2.9. Histological assessment

At the termination of the experiment, rats anesthetized (90 mg/kg
sodium pentobarbital, i.p.) and stored in 10% formalin/20% sucrose.
Their brains were sectioned at 50 pm thickness and examined with
light microscopy for cannula placement. After histological verification,
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only animals that had cannula into the BLA were included in the present
report (Fig. 2). Verification of infusion location was made by an experi-
menter who was blind to the experimental condition and behavioral
performance of the animal.

3. Results

Twenty-four hours after training animals were separated into five
groups Vehicle Pre-Reactivation, Vehicle Post-Reactivation, Ketamine
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Fig. 1. Ketamine strengthens reactivated memories in a manner dependent on BLA
GIuN2B. Low dose systemic ketamine increased freezing in PR-LTM 24 h later only when
administered prior to fear memory reactivation (A). p < 0.05 compared to vehicle. One
way ANOVA F(3,44) = 445, p = 0.008. Enhancements in freezing due to systemic keta-
mine prior to auditory fear memory reactivation are due to enhanced reconsolidation as
there are no differences in PR-STM 3 h following reactivation (B); (t(14) = 0.06, p =
0.95) and specific to the reactivated memory as there are no differences in freezing to
the training context 24 h following reactivation (C); (t(22) = 0.86, p = 0.41). Blocking
a known mechanism of fear memory destabilization blocks the enhancing effect of sys-
temic ketamine (D). * p < 0.05 compared to vehicle. Ifenprodil/vehicle infusions were com-
pleted 15 min prior to ketamine/vehicle injections. Two-way ANOVA; ME ifenprodil
F(1,47) = 8.16, p = 0.006; ME ketamine F(1,47) = 2.60, p = 0.11; Interaction
F(1,47) = 5.56, p = 0.026.

Pre-Reactivation, Ketamine Post-Reactivation and Ketamine No Reacti-
vation. Since no significant differences were observed between Vehicle
Pre-Reactivation and Vehicle Post-Reactivation they were combined
and will be referred to simply as Vehicle.

The first three groups (Vehicle, Ketamine Pre-Reactivation,
Ketamine Post-Reactivation) were placed in Context A and after
180 s of acclimatization were presented with a 30 s tone. Injections
(10 mg/kg ketamine or saline vehicle) were either given 15 min
prior to being placed in the chamber or immediately after being re-
moved. Ketamine No Reactivation animals remained in their home
cage following their injection. Twenty-four hours later freezing was
automatically scored.

A one-way ANOVA found a significant effect of group (Fig. 1A:
F(3,44) = 4.45, p = 0.008). Dunnet's multiple comparison showed
that the Ketamine Pre-Reactivation group (p = 0.005) but not the
Ketamine Post-Reactivation group (p = 0.764) nor the Ketamine No
Reactivation group (p = 0.624) demonstrated elevated freezing com-
pared to the Vehicle group. This suggests that systemic ketamine is en-
hancing destabilization of fear memory.

The lack of an enhancement effect when there is no memory reacti-
vation suggests that ketamine's effects are specifically on reconsolidation
mechanisms. It is unlikely that this increase in freezing is due to a new
association with the subjective effects of the drug. This dose of ketamine
has been shown to produce conditioned place preference (Burgdorf
et al,, 2013) suggesting that it has appetitive, rather than aversive prop-
erties. Effects of manipulations of destabilization, like re-stabilization,
should be seen in PR-LTM but not post-reactivation short term memory
tests (PR-STM). Twenty-four hours following training, a different group
of rats was given either 10 mg/kg ketamine or vehicle injections
15 min prior to memory reactivation. Responses during reactivation
were not significantly different. Three hours later there was no differ-
ence in freezing between vehicle- and ketamine-treated animals
(Fig. 1B t(14) = 0.06, p = 0.95). Typically, reactivation of a memory in-
duces lability of directly, but not indirectly reactivated memories (Debiec
et al., 2006; Doyere et al., 2007). Twenty-four hours after animals re-
ceived either 10 mg/kg ketamine or vehicle 15 min prior to auditory
fear memory reactivation, we found no difference in a closely related
fear memory of the training context (Fig. 1C t(22) = 0.86, p = 0.41).
These findings strengthen the interpretation that ketamine is enhancing
the specific destabilization of a reactivated memory and strengthening
that memory rather than altering the engagement of extinction learning.

To confirm that our ketamine manipulation was enhancing BLA spe-
cific destabilization mechanisms, we took advantage of prior research
that has shown that pre-reactivation intra-BLA ifenprodil is capable of
blocking the destabilization of auditory fear memory (Ben Mamou
et al., 2006; Milton et al., 2013). Twenty-four hours after training,
ifenprodil (2 pg/ul for two minutes at 0.25 pl/min) or vehicle (sterile sa-
line) was infused into the BLA 15 min prior to ketamine (10 mg/kg i.p.)
or vehicle injection. Fifteen minutes later all rats were placed in the
chamber and were presented with a single 30 s tone. Data collected
the next day, using a two-way ANOVA, showed a significant main effect
of ifenprodil (Fig. 1D F(1,47) = 8.16, p = 0.006) but not ketamine
(F(1,47) = 2.60, p = 0.11) and a significant interaction (F(1,47) =
5.56, p = 0.026). Dunnet's multiple comparison showed that the
Vehicle-Ketamine group (p = 0.035) but not the Ifenprodil-Vehicle
(p = 0.568) nor the Ifenprodil-Ketamine (p = 0.173) group was signif-
icantly greater than the Vehicle-Vehicle group. Thus, by blocking a
known destabilization mechanism we were able to prevent ketamine's
effect on fear memory reconsolidation. This further supports our pro-
posed model that ketamine enhances memory by specifically enhancing
the destabilization of auditory fear memory.

4. Discussion

We determined the effect of memory reactivation under ketamine
infusion in rodents. Reactivation of an aversive memory under ketamine
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Fig. 2. Cannula placement in the amygdala. Empty squares (Ifenprodil-Vehicle), filled squared (Ifenprodil-Ketamine), empty circles (Vehicle-Vehicle) and filled circles (Vehicle-
Ketamine) indicate the location of the injecting cannula tip for the experiment depicted in Fig. 1D. All placements were within 0.5 mm rostral-caudal of the section shown.

[Figure adapted from Paxinos & Watson (Paxinos and Watson, 2005)].

was associated with elevated responding to that cue 24 h later. This ef-
fect was blocked by an infusion of ifenprodil into the BLA. Given that
ifenprodil blocks memory destabilization (Ben Mamou et al., 2006;
Milton et al., 2013), we suggest that ketamine strengthens memories
reactivated in its presence by enhancing the destabilization of those
memories. Memories that are frequently destabilized and reactivated
are laid down more strongly (Inda et al., 2011). Destabilization is also
dependent on prediction error (Sevenster et al., 2012, 2013). Memories
are only destabilized if their reactivation entails some updating,
signaled by prediction error (Pedreira et al., 2004; Eisenhardt and
Menzel, 2007; Winters et al., 2009; Sevenster et al., 2012, 2013). Our
previous human work demonstrated that ketamine engages aberrant
prediction errors in human subjects (Corlett et al., 2006), that keta-
mine strengthens reactivated memories (Corlett et al., 2013) and that
neural prediction error signals correlate with that strengthening effect
(Corlett et al., 2013). Here we replicated that effect in rodents. We
also extend that work by implicating GIuN2B receptors in the amygdala
as an important mechanism in the strengthening effect of ketamine on
reactivated memories.

In rodent, primate and human work (Li et al., 2011; Roesch et al.,
2012), the amygdala has been shown to code a prediction error signal
that guides attentional allocation and associability [the degree to
which predictive stimuli are entered into associative relationships
(Mackintosh, 1975; Pearce and Hall, 1980; Le Pelley, 2004)] in cortical
regions (particularly the anterior cingulate and dorsolateral prefrontal
cortices) as an unsigned prediction error signal (Klavir et al., 2013).
Ifenprodil infusions into the BLA block these prediction error signals
(Cole and McNally, 2009). We suggest that our ifenprodil infusions in

the BLA blocked the aberrant prediction error signals engendered by ke-
tamine and thereby curtailed its memory strengthening effect.

Despite replicating our prior human work (Corlett et al., 2013), it is
perhaps surprising that ketamine [a non-competitive NMDA receptor
antagonist with known amnestic effects (Fletcher and Honey, 2006)]
appears to enhance the strength of reactivated memories. Initial pre-
clinical studies of pharmacological effects on reconsolidation have dem-
onstrated that NMDA receptor antagonism impairs or prevents memory
reconsolidation (Lee and Everitt, 2008; Milton et al., 2008).

Three observations might address this apparent paradox.

First, many studies in which NMDA antagonism blocked
reconsolidation and erased memories, the receptor manipulations
were made after memory reactivation (Lee and Everitt, 2008; Milton
et al.,, 2008), not before as done in the current experiment. Here we
studied the effects of ketamine on memory destabilization. Previous
studies with NMDA antagonists administered after memory reactiva-
tion established the effects of NMDA blockade on memories that were
already destabilized and updated. Post reactivation NMDA antagonism
should only impact memory restabilization and not destabilization.

Second, most preclinical studies that blocked NMDA receptors
and degraded memories employed MK-801 or phencyclidine as
NMDA antagonists (Lee and Everitt, 2008; Milton et al., 2008). These
drugs have a much higher potency at the NMDA receptor and presum-
ably have very different effects on neural activity and connectivity as a
result (Anticevic et al., 2012). We should note that there are studies
where MK-801 was administered prior to memory reactivation where
effects on re-stabilization have been observed (Lee et al., 2006). The ac-
tivity of MK-801 at NMDA receptors is higher than that of ketamine
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(MacDonald et al., 1991). One explanation of the difference between
our study and prior work could be this differential engagement of
NMDA receptors by the two drugs. Our prior computational work sug-
gests an inverted U relationship between NMDA blockade and neural
network dis-inhibition (Murray et al., 2014). This could lead to differen-
tial effects of the two drugs, ketamine strengthening and MK-801
degrading reactivated memories. Dose dependent effects of NMDA
blockade with memantine (an NMDA receptor antagonist weaker still
than ketamine) prior to reactivation have been reported in day-old
chicks (Samartgis et al., 2012).

Finally, recent work has highlighted the role of the subcomponents
of the NMDA receptor in discerning its role in particular processes
as well as the impact of pharmacological manipulations on those
processes. NMDA receptors are tetrameric structures assembled from
two obligatory GluN1 subunits and two GIuN2A (formerly NR2A) or
GIluN2B (formerly NR2B) subunits (Jimenez-Sanchez et al., 2014).
Milton and colleagues showed that GIuN2A subunits are selectively in-
volved in re-stabilizing memories and GIuN2B subunits are important
for memory de-stabilization (Milton et al., 2013). It is unclear at which
subunit ketamine has preferential activity. Some work has suggested a
preferential effect of ketamine on GIuN2A in inducing its effects on
prefrontal cortical gamma oscillations, in the absence of a role for
GIuN2B in this signaling change (Kocsis, 2012). Preferential effects of
ketamine on GIuN2A would account for the deleterious impact of
post-reactivation ketamine on memory stabilization (Milton et al.,
2013). However, in the visual cortex, ketamine slowed down high fre-
quency gamma oscillations thought to underpin top-down effects of ex-
perience on perception, as did selective antagonism of GIuN2B (Anver
et al.,, 2011). Likewise, GIuN2B is crucial for the effects of ketamine on
working memory maintenance (Wang et al., 2013). It is notable that ke-
tamine also impacts inhibitory GABA currents (McNally et al., 2011),
and may induce presynaptic glutamate release (Moghaddam et al.,
1997; Jackson et al., 2004). Taken together, it is possible that in some
task contexts and some brain regions, ketamine might induce glutamate
spillover and actually stimulate GIuN2B, this spillover would mediate
the strengthening effect we observed and its reversal with ifenprodil
which preferentially antagonizes GIuN2B (Williams, 2001).

Prior work on memory destabilization and updating has focused on
the role of voltage-gated calcium channels. Blocking these channels
with nimodipine attenuates prediction error driven memory updating
in rodents (De Oliveira Alvares et al., 2013). Likewise, nimodipine re-
verses the psychotomimetic effects of ketamine in human volunteers
(Krupitsky et al., 2001). Ifenprodil may also regulate voltage-gated cal-
cium channel signaling in the amygdala (Delaney et al., 2012). Future
work with more specific pharmacological tools will establish the role
of GluN2B and voltage-gated calcium channels in the impact of keta-
mine on reactivated memories.

These prediction error driven effects of reactivation may also in-
crease the precision of the memory, the more it is retrieved the more
the relevant elements are consolidated (De Oliveira Alvares et al.,
2013). However, repeated retrieval can also distort the content of the
memory (Estes, 1997). In a computational model of episodic memory
formation and retrieval, elevating the magnitude of prediction error
can encourage errors in episodic memory relevant to psychosis — the
confusion of which agents were involved in an episode (Hoffman
et al., 2011). Our results suggest that GIuN2B subunits and calcium sig-
naling in the amygdala may be a candidate mechanism for this effect.

The present observations may also be relevant to the apparent anti-
depressant effects of NMDA antagonism (Berman et al., 2000). Some
authors have suggested that GluN2B sub-units mediate those effects
(Jimenez-Sanchez et al., 2014). Given that ketamine is administered
to patients in a clinical setting, this work, taken with our previous
human work, suggests some caution with regard to the psycholog-
ical state of the subjects during the infusion: if their depressive schema
are activated, we might expect strengthening. We have observed
such effects in at least two subjects with a history of trauma (Niciu

et al., 2013). Likewise, post-traumatic stress disorder could be worse
in subjects administered with ketamine proximal to the trauma
(Schonenberg et al., 2008), although contradictory results also exist
(McGhee et al., 2008). Given that ketamine enhances the destabilization
of memories reactivated in its presence, we might even turn this desta-
bilization to our clinical advantage — for example by arranging for ex-
tinction therapy in the aftermath of a ketamine infusion (Monfils
et al,, 2009).

In conclusion, we present evidence for aberrant memory strength-
ening following memory reactivation during ketamine infusion. Antag-
onizing GluN2B sub-units in the BLA blocked this strengthening effect.
We argue that this BLA manipulation blocked the prediction error driv-
en destabilization of the fear memory and hence prevented its updating
and strengthening. We believe this observation represents a first step
towards an animal model of a hitherto under explored process in behav-
ioral neuroscience, the fixity of delusional beliefs that attend psychotic
mental illnesses like schizophrenia (Corlett et al., 2009, 2010). GluN2B
subunits in the striatum and prefrontal cortex are also crucial for initial
appetitive learning and its reversal (Brigman et al., 2013). Future work
will establish the impact of ketamine on reactivated appetitive memo-
ries. In an initial human study, they too were strengthened when
reactivated on ketamine (Corlett et al., 2013). Furthermore, future
work will characterize the impact of memory reactivation during
acute endogenous psychosis to establish the relevance of our model to
clinical delusions. One such study has demonstrated an enhancement
of the illusory truth effect (Begg et al., 1992) in psychotic patients
(Moritz et al., 2012) — merely considering the truth-value associated
with a delusion-related statement enhances subsequent memory and
endorsement of that statement weeks later. We appreciate that this an-
imal model is concerned with one aspect of delusions; their fixity rather
than their bizarre contents, however, fixity (and associated distress)
may be pathognomonic of delusions — as Emmanuelle Peters writes;
when distinguishing delusions from other odd beliefs: “It is not what
you believe but how you believe it” (Peters et al., 2004). There are animal
learning phenomena that may be relevant to content, for example
Kamin blocking (Kamin, 1969) assays the degree to which animals
learn to ignore irrelevant stimuli and it is weaker in animals treated
with amphetamine [a pharmacological model of psychosis (Crider
et al., 1982)]. We feel ours is the first animal model to address the fixity
and elasticity of delusions. A crucial next step will be to attempt to ame-
liorate this strengthening effect with antipsychotic drugs. With greater
understanding of these aberrant strengthening mechanisms we hope
to design better treatments for fixed delusions that address the unmet
clinical need of intractable fixed delusions despite adequate dosing
with currently available antipsychotic drugs (Curson et al., 1985;
Kane, 1996). Animal models, like ours, with face and construct validity
for the symptoms at hand will facilitate that process.
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