1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

R s

> " NIH Public Access
a2 g Author Manuscript

Published in final edited form as:
Biol Psychiatry. 2007 July 1; 62(1): 33-39.

Persistent Disruption of a Traumatic Memory by Post-Retrieval
Inactivation of Glucocorticoid Receptors in the Amygdala

Sophie Tronel and Cristina M. Alberinil
Departments of Neuroscience and Psychiatry, Mount Sinai School of Medicine, New York, NY,
10029

Abstract

Background—Post-traumatic stress disorder (PTSD) is characterized by acute and chronic changes
in the stress response, which include alterations in glucocorticoid secretion, and critically involve
the limbic system, in particular the amygdala. Important symptoms of PTSD manifest as a classical
conditioning to fear, which recurs each time trauma-related cues remind the subject of the original
insult. Traumatic memories based on fear conditioning can be disrupted if interfering events or
pharmacological intervention are applied following their retrieval.

Methods and Results—Using an animal model, here we show that a traumatic memory is
persistently disrupted if immediately after its retrieval glucocorticoid receptors are inactivated in the
amygdala. The disruption of the memory is long-lasting and memory retention does not re-emerge
following strong reminders of the conditioned fear.

Conclusions—We propose that a combinatorial approach of psychological and pharmacological
intervention targeting the glucocorticoid system following memory retrieval may represent a novel
direction for the treatment of PTSD.
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Introduction

Because the behavioral, neuroendocrine, and autonomic nervous system manifestations of
posttraumatic stress disorder (PTSD) bear strong resemblance to what is observed in fear
conditioned rodents, it has been hypothesized that PTSD involves molecular, cellular and
anatomical mechanisms similar to those implicated in fear conditioning (Rasmusson and
Charney 1997;Shalev et al 1992;Elzinga and Bremner 2002;Rau et al 2005). Although it is not
possible to precisely reproduce PTSD in an animal model, fear conditioning in rodents can be
used to reproduce and elucidate some aspect of PTSD, including the processing of fearful
stimuli and the encoding and processing of emotional memory (Miller and McEwen
2006;Siegmund and Wotjak 2006). Fear conditioning is readily induced in laboratory animals
by pairing neutral stimuli, such as contextual cues (conditioned stimulus, CS), with a fear-
inducing stimulus, such as a mild foot shock (unconditioned stimulus, US). Thereafter,
presentation of the context in which the conditioning was accomplished, evokes a stereotypic
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response in the animal that includes fear responses, glucocorticoid response, and activation of
the autonomic nervous system.

Similarly, patients with PTSD suffer from intrusive memories of the original traumatic event,
which are often precipitated by contextual cues that have become associated with the event in
much the same way that the neutral stimuli are associated with the US in fear conditioning.
Similar to fear conditioned animals, patients with PTSD manifest abnormalities of the
glucocorticoid system (Yehuda 2001), increased startle response (Grillon et al 1996) and
enhanced autonomic nervous system response (Yehuda 2001;Orr et al 2002).

The anatomical pathway necessary for fear conditioning has been well characterized and a
brain region that plays a major role in it is the amygdala. Recently, brain imaging studies have
suggested that enhanced activity of the amygdalais involved in PTSD (Shin etal 1997;Liberzon
et al 1999;Shin et al 2005;Protopopescu et al 2005). Therefore, investigators have increasingly
focused their attention on what is known about fear conditioning in order to develop therapeutic
interventions for PTSD. Current treatments for PTSD include medications that may work, at
least in part, to decrease amygdala activity (Asnis et al 2004) and exposure-based treatments
such as prolonged exposure (PE) (Foa 2006) and eye movement desensitization and
reprocessing (EMDR) (Rothbaum et al 2005). The exposure-based treatments operate under
the premise that repeated reactivation of traumatic memories in a controlled environment allow
them to be reprocessed so that they are no longer capable of causing psychological symptoms
(Deacon and Abramowitz 2004).

Studies recently carried out in both animals and humans have shown that the recall of a memory
can transiently revert the stable state of the memory into a labile one and, therefore, established
memories can become sensitive to disruption. Following recall (reactivation) of the memory,
the process that ensures that the fragile memory returns to a stable state is known as
reconsolidation (Sara 2000;Nader 2003). Many recent as well as earlier studies showed that a
variety of pharmacological agents can disrupt fear memory reconsolidation if applied
immediately after memory reactivation, suggesting that it might be possible to identify
pharmacotherapies to be used in tandem with exposure-based therapies to weaken pathogenic
memories that are responsible for PTSD (Przybyslawski et al 1999;Debiec and LeDoux
2004;Bustos et al 2006. Tronson et al 2006).

In previous studies, we used the fear conditioning-based task inhibitory avoidance (1A) as a
model of a traumatic memory. In this paradigm, the animal (rat) learns to avoid a context (CS)
that has previously been paired with a foot shock (US). We found that, like other fear-based
memories (Nader et al 2000;Debiec et al 2002), IA can be disrupted if protein synthesis or
specific molecules, such as the transcription factor CCAAT enhancer binding protein f (C/
EBPp), known to mediate the post-acquisition stabilization process (consolidation), are
inhibited in the amygdala following memory reactivation (Tronel et al 2005).

The consolidation of traumatic memories is known to critically involve the glucocorticoid
system (McGaugh and Roozendaal 2002;Roozendaal 2002;Sandi 1998). Indeed, post-training
systemic infusions of glucocorticoids enhance inhibitory avoidance retention, and this
enhancement is due to selective activation of GR (Rev in McGaugh 2004). Conversely, an
intra-cerebroventricular (i.c.v.) infusion of the glucocorticoid receptor antagonist RU 38486,
administered before or after training in a water maze spatial task, does not affect acquisition,
but impairs retention (Roozendaal and MgGaugh 1997;0itzl et al 1998). Moreover, pre-
training BLA-injections of RU38486 disrupt contextual fear conditioning consolidation in rats
(Donley et al 2005) and post-training infusion of the antagonist impairs memory for an
avoidance task in chicks (Sandi and Rose 1994).

Biol Psychiatry. Author manuscript; available in PMC 2008 July 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tronel and Alberini

Page 3

Based on our data and current knowledge of the consolidation and reconsolidation processes,
we hypothesized that similar modulatory responses activated following both acquisition and
memory reactivation play a critical role in mediating memory stabilization (Alberini 2005).

However, thus far few studies have investigated the role of modulatory pathways during the
reconsolidation of an established memory. Some work has demonstrated that the noradrenergic
system plays a critical role after memory reactivation in rats (Przybyslawski et al 1999;Debiec
and LeDoux 2004), whereas other studies have provided evidence for the involvement of the
dopaminergic system in chicks (Sherry et al 2005), angiotensin Il in the crab Chasmagnathus
(Frenkel et al 2005) and the PKA-dependent pathway in rats (Tronson et al 2006). We
hypothesized that, like during fear memory consolidation, the glucocorticoid system plays a
critical role during the reconsolidation of reactivated traumatic memories. Here we tested this
hypothesis by examining the effect of directed injection of the glucocorticoid receptor (GR)
antagonist RU 38486 in the basolateral amygdala (BLA) following the reactivation of an 1A
memory in rat.

Materials and Methods

Animals

Long Evans adult male rats (Harlan, Indianapolis, IN) weighing 200-250 g at the beginning
of procedures were used in all experiments. Rats were individually housed and maintained on
a 12 h on/12 h off light/dark cycle and underwent behavioral procedures during the light cycle.
All rats were allowed free access to food and water. All protocols complied with the NIH Guide
for the Care and Use of Laboratory Animals and were approved by the Mount Sinai School of
Medicine Animal Care Committees.

Surgical procedure

Rats were anesthetized with ketamine (60 mg/Kg; i.p) and xylazine (7.5 mg/Kg; i.p) and
implanted with cannulae (22 gauge; Plastics One, Roanoke, VA) positioned 1.5 mm above the
amygdala using the following coordinates according to Paxinos and Watson (1998): AP : -2.8
mm, ML : £5.3 mm, DV :-6.25 mm from the skull surface. Rats recovered for 7 days after
surgery before undergoing any experimental procedures.

Pharmacological treatment

The specific GR antagonist RU 38486 (mifepristone, Sigma, St Louis, MO) (Teutsch et al
1981;Allen et al 1988,Brogden et al 1993) was dissolved in 100% ethanol and subsequently
diluted in saline to reach the appropriate concentration. Two concentrations were used: 0.6 and
2.4 ng/ul. The final concentrations were diluted in 2% ethanol. This concentration range has
been previously used in injection experiments that stereotactically targeted specific brain
regions, including the amygdala, and found to include a dose-response curve of effectiveness
in memory retention and extinction responses (Roozendaal et al 1999,Donley et al 2005;Yang
et al 2006). The compound was infused bilaterally through the infusion cannulae at 0.4 ul/min
using a pump, and a total volume of 0.5 ul was infused into each side over 1.25 minutes.
Controls were injected with the same volume of the vehicle solution (2% ethanol). The injection
cannulae were left in place for at least 1 min to allow the solution to completely outflow from
the cannula tip.

Behavioral Procedures

Inhibitory avoidance training

The 1A training procedure has been previously described in Tronel et al (2005). The IA
apparatus (Med Associates, St. Albans, Vermont) consisted of a rectangular-shaped Perspex
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box, divided into a safe compartment and a shock compartment. The safe compartment was
white and illuminated; the shock compartment was black and dark. Foot shocks were delivered
to the grid floor of the dark chamber via a constant current scrambler circuit. The apparatus
was located in a sound-attenuated, non-illuminated room. During training sessions, each rat
was placed in the safe compartment with its head facing away from the door. After ten seconds,
the door separating the compartments was automatically opened allowing the rat access to the
shock chamber. Latency to enter the shock chamber was taken as a measure of fear acquisition.
All acquisition latencies were below 24.3 seconds. The door closed one second after the rat
entered the shock chamber, and a brief foot shock (0.9 mA for 2 s) was administered. The rat
was then removed from the apparatus and returned to its home cage. |A memory was tested as
detailed below. Training and testing were always carried out between 10 am and 4 pm.

Memory reactivation

Forty-eight hours after training, the fear response of the animals was tested (Test 1). This test
consisted of placing the rat back in the safe compartment and measuring the latency to enter

the shock chamber. The rats that entered the dark compartment were removed and returned to
their home cages immediately after entering. For rats that did not enter the dark side, the test
was terminated at 540 s. Foot shock was not administered during the retention test. This test

reactivated the fear memory.

Memory retention tests

Forty-eight hours after Test 1, animals were re-tested for fear memory retention (Test 2). In
Experiment 3, memory was re-tested two additional times as detailed below (Test 3 and Test
4). All tests (Test 1-4) were carried out as described for Test 1 in memory reactivation.

Experiment 1

Rats received cannula implants that bilaterally targeted the basolateral nucleus of the amygdala
(BLA). After recovery from surgery, rats were trained in I A and their fear memory was recalled
(reactivated) by testing 2 days later (Test 1). Immediately after Test 1, the animals received a
bilateral injection of either 0.3 ng per side in 0.5 ul of GR antagonist RU 38486 (n=8), or the
same volume of vehicle solution (n=6). All animals were again tested for |A memory retention
48 h after reactivation (Test 2). An experimenter blind to the treatment of the groups scored
the latencies.

Experiment 2

Rats received cannula implants that bilaterally targeted the BLA. After recovery from surgery,
rats were trained in | A and their fear memory was recalled (reactivated) by testing 2 days later
(Test 1). Immediately after Test 1, the animals received a bilateral injection of either 1.2 ng
per side in 0.5 pl of GR antagonist RU 38486 (n=11) or the same volume of vehicle solution
(n=9). All animals were again tested for IA memory retention 48 h after reactivation (Test 2).
To determine whether the effect of treatment was contingent upon reactivation, rats (n=8) were
bilaterally injected with RU 38486 in the absence of reactivation (Test1). An experimenter
blind to the treatment of the groups scored the latencies.

Experiment 3

Experiment 2 was repeated. Thus, rats that receive cannula implants targeting the amygdalae,
were trained with 1A and tested 48 hours after training (Test 1). Immediately after Test 1, the
animals received a bilateral injection of either 1.2 ng per side in 0.5 ul of GR antagonist RU
38486 (n=8) or the same volume of vehicle solution (n=6). All animals were again tested for
IA memory retention 48 h after reactivation (Test 2). To determine whether the effects were
stable over time, one week later the animals were tested again (Test 3). To determine whether
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memory could re-emerge, immediately after Test 3, rats were exposed to a reminder shock of
0.9 mA in a different box. Rats were tested a final time 24 h later (Test 4). Latency to re-enter
the dark compartment was always taken as the measure of memory retention. An experimenter
blind to the treatment of the groups scored the latencies.

Experiment 4

Results

Experiment 2 was repeated. Thus, rats that received cannula implants targeting the BLA, were
trained in I A and tested 48 hours after training (Test 1). Immediately after Test 1, the animals
received a bilateral injection of either 1.2 ng per side in 0.5 ul of GR antagonist RU 38486
(n=8) or the same volume of vehicle solution (n=7). All animals were again tested for A
memory retention 48 h after reactivation (Test 2). Subsequently, to exclude that the intra-
amygdala administration of RU 38486 causes a non-specific, general inactivation or damage
of the amygdala, rats underwent another IA training trial. Thus, 3 hours after Test 2, rats that
received a bilateral injection of 1.2 ng per side of RU 38486 (n=8) were re-trained in IA. Forty-
eight hours later, the rats were tested (Test 3).

Statistical analyses—Statistical analyses of the behavioral data were performed using an
analysis of variance (ANOVA) followed by a Bonferroni-protected post-hoc t test.

Histology—At the end of the behavioral experiments, rats were anesthetized and brains were
removed, frozen, sectioned and inspected for cannula placement. Brains were sectioned (40
um) and mounted. Sections were inspected to determine the location of the injection sites.
Animals with cannula placements that targeted sites outside the BLA area were excluded from
the study.

Figure 1 shows representative areas targeted by the stereotactic injections performed in this
study. Animals with injection sites that deviated from these areas were omitted from the study.

Experiment 1

As shown in Figure 2, injection of 0.3 ng of RU 38486 following memory reactivation had no
effect on memory retention at a subsequent test. In fact, as revealed by the mean avoidance
latencies, at Test 2, both vehicle and RU 38486 -injected groups had similar fear memory
retention (RU 38486: 386.19 + 36.96 s; Veh: 333.5 £ 33.6 3).

Experiment 2

When bilateral BLA injections of 1.2 ng of RU 38486 were administered following A memory
reactivation (Test 1), a significant memory impairment was found at Test 2 (Figure 3). All
animals, as expected, had similar latencies at Test 1 (Veh: 328.75 £ 61.65 s; RU 38486: 308.2
+46.81s). Atwo-way ANOVA that compared the vehicle-injected and the RU 38486-injected
groups at Test 1 and Test 2 showed a significant effect of treatment (Fy 3¢ = 5.44, P < 0.05)
and a significant effect of test (F1 36 = 4.53, P < 0.05). A Bonferroni-protected post-hoc test
revealed that, at Test 2, the retention levels of the rats that received RU 38486 injections were
significantly lower (94.46 + 34.62 s) than those of Testl (P < 0.01) and those of the vehicle-
injected group at Test 2 (318.9 £ 68.34 s; P< 0.01) (Figure 3).

To determine whether the memory disruption caused by RU 38486 was contingent upon

memory reactivation as opposed to RU 38486 having primary memory blocking effects, rats
were injected with the antagonist 48h after training in the absence of memory reactivation (Test
1). A one-way ANOVA revealed a significant effect of the treatment. No difference was found
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in the avoidance latencies of these rats (290.38 + 54.04 s) compared to controls that received
vehicle injections after Test 1 (318.9 + 68.34 s) (Figure 3), but both of these groups were
significantly different than the group injected with RU 38486 after Test 1 (94.46 = 34.62 s;
P < 0.05). Together, these results indicate that blocking GRs in the BLA after IA memory
reactivation disrupts memory retention at a subsequent test.

Experiment 3

Some studies have reported that the loss of memory induced by agents or events administered
after memory reactivation by CS presentation may be due to a transient blockade of memory
retrieval. Indeed, several reports have shown that the memory loss observed after amnesic
treatments applied following memory reactivation can either revert spontaneously (Lewis
1976;Judge and Quartermain 1982;Lattal and Abel 2004;Prado-Alcala et al 2006) or be
restored by the administration of a reminder (Miller and Kraus 1977;Vianna et al 2001,Anokhin
et al 2002;Salinska et al 2004). Therefore, we tested whether the RU 38486-induced memory
disruption was i) persistent over time and ii) resistant to the effect of reminders. First, to
establish whether the amnesia observed was long lasting, after replicating the previous results
found in Experiment 2 at 2 days after reactivation (Test 2), we re-tested memory retention one
week later (Test 3).

Furthermore, to determine whether the memory could be recovered, immediately after Test 3,
animals were exposed to a reminder shock (0.9 mA in a different box). Rats were tested 24 h
later (Test 4). A similar approach was used by Duvarci and Nader (2004) who showed that
anisomycin administration into the later amygdala after recall persistently disrupts auditory
fear reconsolidation. As shown in Figure 4, a two-way ANOVA with repeated measures
followed by a Bonferroni-protected post-hoc test on latencies at all four tests demonstrated a
significant effect of the treatment (Fy 36 = 14.07, P <0.01), test (F3 3¢ = 7.38, P< 0.001) and
test x treatment interaction (F3 36 =4.71, P<0.01). Post-hoc analysis revealed that fear memory
retention of the RU 38486-injected group was significantly lower at Test 2 (169.02 £ 57.74 s),
Test 3 (170.57 £ 63.97 s) and Test 4 (228.74 + 73.6 s) compared to Test 1 (RU 38486: 478.32
+41.38 s; P <0.001; Veh: 503.66 + 27.84 s) and to the vehicle-injected group at the same
testing times (Test 2: 464.11 + 55.42 s; Test 3: 445.78 £ 70.24 s; Test 4: 540 + 05, P < 0.01
for each comparison). Moreover, the retention of all rats from the vehicle-injected group that
received the reminder shock exceeded the cut-off time used in our testing (540 s) at Test 4,
demonstrating that, as expected, the reminder strengthened the memory in animals that did not
receive RU 38486. Together, these results indicate that a dose-dependent inhibition of GRs by
administration of the antagonist RU 38486 directly into the BLA following the reactivation of
a traumatic memory blocks reconsolidation and persistently disrupts the memory, which is not
recovered following subsequent reminders.

Experiment 4

To exclude that the amnesia caused by the bilateral injection of 1.2 ng of RU38486 is caused
by permanent damage or inactivation of the injected regions, we tested whether the amnesic
rats could re-learn 1A. Permanent damage or inactivation of the BLA would predict that the
rats will be unable to re-learn 1A, because the acquision of this task requires an intact and
functional amygdala (Jellestad and Bakke 1985). As depicted in Figure 5, confirming the results
found in Experiment 2, bilateral injection of 1.2 ng of RU 38486 impaired memory retention
when tested 48h later (Test 2). All animals had similar latencies at Test 1 (Veh: 480.87 + 40.05
s; RU 38486: 490.99 + 29.43 s). A two-way ANOVA that compared treatments and testing
time points showed a significant effect of treatment (Fy 26 = 36.95; P < 0.001), a significant
effect of the testing time (F1 2 = 26.61; P < 0.001) and a significant interaction (F1 26 = 41.07;
P < 0.001). A Bonferroni-protected post-hoc test revealed that, at Test 2, the retention levels
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of the rats injected with RU 38486 were significantly lower (136.11 + 32.23 s) than their mean
Test 1 latencies (490.99 + 29.43 s P < 0.001) and those injected with vehicle (519.23 + 14.35
s; P < 0.001). Rats were then retrained in 1A and tested 48 h later. Latency score for the RU
38486-injected group were submitted to a one-way ANOVA with repeated measures, which
revealed a significant effect of the testing time (F 5 23 = 75.55; P < 0.0001). Retrained rats
showed a strong memory retention (540 s). No significant difference was found in the
avoidance latencies of rats injected with RU 38486 at Test 1 and Test 3, however, both of these
groups were significantly different than that at Test 2 (136.11 + 32.23 s; P < 0.001). Hence,
the impairment caused by amygdala injection of RU 38486 is not due to damage or non-specific
inactivation of this region.

Discussion

This study provides evidence for the critical role of the glucocorticoid system in the
reconsolidation and maintenance of a fear memory following retrieval. Indeed, |A memory
can be persistently disrupted following recall if GRs are inactivated in the BLA in a dose-
dependent manner. Indeed, bilateral administration of 1.2 but not 0.3 ng of RU 38486 into the
BLA causes amnesia. Interestingly, comparable doses showed similar effects following IA or
contextual fear conditioning training, or in conditioned fear extinction (Roozendaal
2000;Donley et al 2005;Yang et al 2006). The resulting amnesia is long-lasting and robust, as
it is still observed one week after treatment and remains insensitive to reminders that normally
re-instate extinguished fear memaories or strongly increase the retention of an established fear.
We propose that GR antagonists administered following the reactivation of a traumatic memory
could therefore potentially represent a novel treatment for PTSD. Thus, therapy that temporally
coordinates memory reactivation and pharmacological intervention may open new therapeutic
directions for the treatment of pathogenic memories.

Interestingly, a similar approach based on a combined pharmacological and exposure therapy
has been used in clinical studies aiming at enhancing the extinction of fear in phobic patients
(Ressler et al 2004, Hoffman et al 2006). It is important to note that both extinction and
reconsolidation of a fear memory are evoked by exposure to the same unreinforced conditioned
stimulus. In light of this, it could be argued that, in our experiments the GR antagonist treatment
strongly and rapidly enhanced extinction rather than disrupting memory reconsolidation.
However, it is becoming increasingly clear that reconsolidation and extinction exist as very
distinct processes (Pedreira and Maldonado 2003): while the former mediates the re-
stabilization of the memory, the latter produces a new second memory that is stored without
destroying the old one but rather suppresses its expression (Bouton 2004). In agreement with
this view, characteristic features of extinction are that (i) the original memory can re-emerge
if the subject is again presented with the US alone (reinstatement) and (2) the extinguished
memory recovers spontaneously (Bouton 2004). Because, in fact, neither reinstatement of the
memory following the presentation of a strong shock reminder nor spontaneous recovery was
observed in our experiments, we propose that the effect produced by RU 38486 disrupts a
process of memory reconsolidation, that is, it affects the stabilization of the memory itself.

Moreover, this conclusion is also supported by two sets of previously reported observations.
First, RU 38486 administered in the amygdala either before or after training disrupts memory
consolidation. Since extinction reflects a new learning (Quirk et al 2006), it would be predicted
that RU38486 would block rather than enhance extinction. Second, a recent study by Yang et
al (2006) demonstrated that indeed intra-amygdala administration of RU 38486 impairs
extinction of conditioned fear in rats.

Nevertheless, we cannot exclude that the memory impairment observed in our experiments
might be due to a retrieval failure rather than an interference with the memory reconsolidation
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process (Sara 2000;Duvarci and Nader 2004). Our hypothesis favors the latter, as IA memory
impairment was evident at testing times that were remote from the time of treatment, at which
the direct effect of RU 38486 was no longer a factor. Further preclinical studies should help
clarify this issue.

The finding that post-retrieval amnesia induced by the RU 38486 treatment persists even after
further reminders of the trauma is important for clinical applications. Even when exposed to a
strong reminder (a shock of the same intensity), no recovery of |A memory retention was
observed in our amnesic animals, whereas the vehicle-injected rats strongly increased their
avoidance, which reached the maximum retention score. In contrast, previous studies have
shown that a variety of reminders are effective in reinstating memories following amnesic
treatments that targeted consolidation, reconsolidation or extinction of a conditioned response.
(Lewis 1976;Miller and Kraus 1977;Mactutus and Riccio 1978;Mactutus et al 1980;Vianna et
al 2001;Anokhin et al 2002;Millin et al 2001). However, it is possible that in the consolidation
and reconsolidation experiments, the amnesic treatment may not have been sufficiently
effective, and therefore may have caused a temporal shift rather than a disruption of the
memory. For example, experiments using protein synthesis inhibitors argue in favor of the
need for sufficient blockade of protein synthesis because inadequate blockade following fear
memory reactivation may result only in temporary amnesia (Milekic et al 2006).

Before applying the strategy suggested by our results to patients with PTSD, it should be
emphasized that we administered RU 38486 directly into the rat amygdala, a route of
administration not appropriate in humans. RU 38486 has been reported to be safe and effective
when given to patients with psychotic depression and bipolar disorder (Flores et al
2006,DeBattista and Belanoff 2006), but it is unclear whether acute doses of systemic RU
38486 would successfully impede reconsolidation of traumatic memories in PTSD patients
undergoing exposure therapy. An important issue that needs to be understood is, in fact, the
degree of permeability of RU 38486 through the blood-brain barrier. Because it has been shown
that RU 38486 poorly penetrates the blood-brain barrier (Heikinheimo and Kekkonen
1993;Donley et al 2005), it seems that very high doses would need to be administered
systemically, which would greatly increase the probability of side effects. Thus, it seems that
there is an impellent need for the development and testing of specific GR antagonists with high
blood-bran barrier permeability.

A combination of further clinical and preclinical studies should help to answer these questions.
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Figure 1. Photomicrograph of a representative cannula placement and schematic representations

of injection sites into the BLA at the indicated rostrocaudal planes

The numbers represent the coordinates from bregma (in millimeters) according to Paxinos and
Watson (1998). Injections sites were contained within the black circle. BLA: basolateral
amygdaloid nucleus, anterior part; BLP: basolateral amygdaloid nucleus, posterior part.
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Figure 2. Injection of 0.3 ng of RU 38486 in the BLA after recall has no effect on 1A memory
retention

Latency to enter the shock chamber was taken as a measure of memory retention. Rats were
trained in IA (Tr) and tested 2 days later (Test 1). This test recalled the memory. Immediately
after Test 1, 0.3 ng of RU 38486 or the same volume of vehicle solution was bilaterally injected
(1) into the BLA. A memory was tested again 2 days later (Test 2). No difference was observed
between groups at Test 2.
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Figure 3. Injection of 1.2 ng of RU 38486 in the BLA after recall disrupts IA memory

Latency to enter the shock chamber was taken as a measure of memory retention. Rats were
trained in IA (Tr) and memory was recalled by testing 2 days later (Test 1). Immediately after
Test 1, 1.2 ng of RU 38486 or the same volume of vehicle was bilaterally injected (1) into the
BLA. IA memory was tested again 2 days later (Test 2). RU 38486 injections impaired memory
retention at Test 2 compared to vehicle or Test 1 latencies (**, P <0.01). Injection of RU 38486
in the absence of memory reactivation had no effect.
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Figure 4. GR-antagonist-dependent disruption of a reactivated 1A memory is long-lasting and
memory does not recover following a shock reminder

Latency to enter the shock chamber was taken as a measure of memory retention. Rats were
trained in 1A (Tr) and memory was recalled by testing 2 days later (Test 1). Immediately after
Test 1, 1.2 ng of RU 38486 or the same volume of vehicle was bilaterally injected (1) into their
BLA. IA memory was tested 2 days (Test 2) and 1 weeks later (Test 3). Immediately after Test
3, the rats were exposed to a reminder shock. Memory was tested again 1 day later (Test 4).
RU 38486-injected group showed a significantly lower retention at Test 2, Test 3 and Test 4
compared to the vehicle-injected group (**; P < 0.01).
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Figure 5. The amnesic animals that received bilateral injection of RU 38486 in the BLA after recall
can re-learn amygdala-dependent tasks

Latency to enter in the shock chamber was taken as a measure of memory retention. Rats were
trained in 1A (Tr) and memory was recalled by testing 2 days later (Test 1). Immediately after
Test 1, 1.2ng of RU 38486 or the same volume of vehicle solution was bilaterally injected (1)
into the BLA. IA memory was tested again 2 days later (Test 2). The RU 38486-injected group
was retrained three hours later with 1A and tested 2 days later (Test 3). The group that received
RU 38486 injections showed memory impairment at Test 2 compared to vehicle-injected or
Test 1 (***, P<0.001). When exposed to another A training session, the amnesic rats re-learned
IA. At Test 3, the RU 38486-injected rats showed significant memory retention compared to
the impairment found at Test 2 (***, P < 0.001).
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