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a b s t r a c t

When consolidated memories are reactivated, they become labile and, to persist, must undergo a new
stabilization process called reconsolidation. During reactivation, memory is susceptible to pharmacolog-
ical interventions that may improve or impair it. Spermidine (SPD) is an endogenous polyamine that
physiologically modulates the N-methyl-D-aspartate (NMDA) receptor in mammals by binding on the
polyamine-binding site at the NMDA receptor. While polyamine agonists and antagonists of the poly-
amine binding site on the NMDA receptor respectively improve and impair early consolidation, it has
not been defined whether these agents alter memory reconsolidation. Male Wistar rats were trained in
a fear conditioning apparatus using a 0.4 mA footshock as unconditioned stimulus. Twenty four hours
after training, animals were re-exposed to the apparatus in the absence of shock (reactivation session).
Immediately after the reactivation session, SPD (1–30 mg/kg, i.p.) or the antagonist of the polyamine-
binding site at the NMDA receptor, arcaine (0.1–10 mg/kg, i.p.), were injected, and the animals were
tested in the same apparatus 24 h later. Freezing scores at testing were considered a measure of memory.
While SPD (3 and 10 mg/kg) improved, arcaine (1 and 10 mg/kg) impaired memory reconsolidation.
These drugs had no effect on memory if they were administered in the absence of reactivation, or 6 h after
reactivation session. Arcaine (0.1 mg/kg, i.p.) prevented SPD (3 mg/kg)-induced improvement of memory
reconsolidation. Accordingly, SPD (1 mg/kg) prevented arcaine (10 mg/kg)-induced impairment of mem-
ory reconsolidation. The amnesic effect of arcaine was not reversed by arcaine administration prior to
test, ruling out state dependence in this effect. These results suggest that systemic administration of poly-
amine binding site ligands modulate memory reconsolidation.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

Memories are not formed instantaneously. After learning
(acquisition), a series of molecular and cellular changes occur in
different brain regions, such as hippocampus, striatum and amyg-
dala, that lead to a progressive memory stabilization (McGaugh,
2000). This process, which initiates immediately after learning
and is time-dependent, has been named ‘‘consolidation’’ (Dudai,
2004; McGaugh, 1966, 2000). During consolidation, memories are
labile and susceptible to positive or negative modulation by differ-
ent means, including pharmacological agents (McGaugh, 1966,
2000). For decades, prevailed the general belief that consolidated
memories could not be modified (McGaugh, 2000). Several studies,
however, have shown that reactivating or retrieving consolidated
memories renders them labile again, thus requiring a new stabil-
ization process, called reconsolidation (Dudai, 2004; Nader, Schafe,
& Le Doux, 2000; Sara, 2000).
ll rights reserved.

bin).
Different neurotransmitter systems have been implicated in
memory reconsolidation (Nader & Hardt, 2009; Sara, 2000;
Tronson & Taylor, 2007). Notwithstanding, convincing pharmaco-
logical and neurochemical evidence supports that glutamate
NMDA receptors, particularly those containing a NR2B subunit,
play a major role in this process (Wang, de Oliveira Alvares, &
Nader, 2009). Accordingly, while NMDA receptor antagonists MK-
801, AP5 and ifenprodil disrupt, the NMDA receptor agonist D-
cycloserine improves fear memory reconsolidation in mice and rats
(Ben Mamou, Gamache, & Nader, 2006; Lee, Milton, & Everitt,
2006; Przybyslawski & Sara, 1997; Suzuki et al., 2004). In this re-
gard, it is worth noticing that spermidine (SPD) and spermine,
endogenous polyamines that bind to and modulate NR2B subunit
activity, have been implicated in memory acquisition and consoli-
dation (Johnson, 1996; Shimada, Spangler, London, & Ingram,
1994; Williams, 1997; Williams, Romano, Dichter, & Molinoff,
1991).

Current evidence suggests that polyamines modulate consolida-
tion by interacting with the polyamine-binding site on the NMDA
receptor (Kishi, Ohno, & Watanabe, 1998; Rubin et al., 2004, 2000,
2001; Shimada et al., 1994). In line with this view, the systemic
(Camera, Mello, Ceretta, & Rubin, 2007), intrahippocampal (Berlese
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et al., 2005; Gomes et al., 2010; Guerra et al., 2006; Rubin et al.,
2000), and intra-amygdalar (Rubin et al., 2004, 2001) administra-
tion of SPD improves the memory of different tasks in rats. SPD-
induced memory facilitation of the inhibitory avoidance task
involves the sequential activation of PKC and PKA/CREB pathways
in the hippocampus (Guerra et al., 2011, 2012).

Although the involvement of NR2B-containing NMDA receptors
in memory reconsolidation has been shown, no study has ad-
dressed whether polyamines, endogenous agonists of these recep-
tors, modulate memory reconsolidation. Therefore, in the current
study we investigated whether SPD and arcaine, respectively an
agonist and an antagonist of the polyamine binding site on the
NMDA receptors, alter fear memory reconsolidation.
2. Materials and methods

2.1. Animals

Experimentally naive male Wistar rats (260–360 g), from the
animal house of the Federal University of Santa Maria were used.
The animals were housed four to a cage on a 12-h day/night cycle
(lights on at 7:00 a.m.) at a temperature of 21 �C with water and
standard laboratory chow (Guabi, Santa Maria, Rio Grande do Sul,
Brazil) ad libitum. All experimental procedures were conducted
during the light phase of the cycle (from 11:00 a.m. to 4:00
p.m.). All experimental procedures were conducted in accordance
with the policies on the use of animals and humans in neurosci-
ence research, revised and approved by the Society for Neurosci-
ence Research in January 1995 and with the institutional and
national regulations for animal research (process 068/2011).
2.2. Drugs

Animals were injected with saline (0.9% NaCl), 1,4-diguanidin-
obutane sulfate (arcaine; Pfaltz & Bauer, Waterbury, CT, USA), or
N-(3- aminopropyl)-1.4-butanediamine trihydrochloride (spermi-
dine; Sigma, St. Louis, MO). All drugs solutions were prepared daily
in saline and injections were performed intraperitoneally (i.p.) in a
1 ml/kg injection volume. Doses were selected based on previous
studies (Camera et al., 2007) and pilot experiments.
2.3. Conditioning apparatus

Contextual fear conditioning training, reactivation and test took
place in a fear conditioning chamber (30 � 25 � 25 cm), located in
a well-lit room. The front wall and ceiling of the chamber were
made of clear acrylic plastic, whereas the lateral and rear walls
were made of opaque plastic. The floor of the chamber consisted
of 32 stainless steel rods (3 mm diameter), spaced 1 cm apart
and wired to a shock generator. The chamber was cleaned with
30% ethylic alcohol before and after each rat occupied it.
2.4. Behavioral procedure

2.4.1. Contextual fear conditioning
In the conditioning trial each animal was subjected to a single

fear-conditioning training session, as described by Rubin et al.
(2004), with some modifications. In brief, the rat was placed in
the conditioning chamber (conditioned stimulus, CS) and habitu-
ated to the apparatus (CS) for 3 min. Immediately after habitua-
tion, three 1 s, 0.4 mA footshocks (unconditioned stimulus, US)
were delivered. The shocks were 40 s apart. After the last CS/US
pairing, rats were allowed to stay in the chamber for additional
60 s before returning to their home cages.
2.4.2. Reactivation session
Twenty four hours after the conditioning session, the rats were

re-exposed to the conditioning apparatus for 3 min, but no foot-
shocks were delivered. During this time, the rat was observed
every 4 s to assess whether it was in freezing, or not, by a trained
observer who was unaware of the experimental treatment condi-
tions. Behavior was judged as freezing if there was an absence of
any visible movement, except for that required for breathing. Data
were converted to the percentage of samples scored as freezing.
2.4.3. Test session
Twenty-four hours after reactivation, each rat was placed back

in the conditioning chamber and a 6-min test was performed. Dur-
ing this time, the rat was observed every 4 s to assess whether it
was in freezing, or not, as described above, and data were con-
verted to the percentage of samples scores as freezing.
2.5. Experimental groups

2.5.1. Experiment 1
This experiment was designed to investigate the effect of SPD

on memory reconsolidation. Animals were trained in the fear con-
ditioning apparatus, as described above. Twenty-four hours later,
the animals were subjected to the reactivation session. Immedi-
ately after reactivation session, the animals were injected with sal-
ine or SPD (1, 3, 10 or 30 mg/kg) and, 24 h later, tested in the fear
conditioning apparatus where their freezing responses were
scored, as described above.
2.5.2. Experiment 2
This experiment was designed to investigate the effect of

arcaine on memory reconsolidation. Animals were trained in the
fear conditioning apparatus, as described above. Twenty-four after
training, the animals were subjected to the reactivation session.
Immediately after reactivation session, the animals were injected
with saline or arcaine (0.1, 1 or 10 mg/kg) and, 24 h later, tested
in the fear conditioning apparatus where their freezing responses
were scored, as described above.
2.5.3. Experiment 3
To evaluate whether the systemic administration of SPD and ar-

caine are specific for reconsolidation of contextual fear memories
two control experiments were performed. In the first, animals were
trained in the fear conditioning apparatus, as described above, but
were not subjected to the memory reactivation session 24 h later
(‘‘no reactivation’’ control). The animals were injected with saline,
SPD (3 mg/kg) or arcaine (10 mg/kg) 24 h after training and, 24 h
later, were tested in the fear conditioning apparatus and had their
freezing responses scored, as described above. The doses of spermi-
dine and arcaine used in this experiment were chosen based on the
dose-response curve experiments (Experiments 1 and 2), which
determined fully effective and non-effective doses for both
compounds.

In order to confirm the specificity of enhanced or disrupted
reconsolidation by SPD and arcaine, respectively, a second control
experiment was performed. The animals were trained in the fear
conditioning apparatus and 24 h later they were subjected to the
reactivation session, as described above. Six hours after reactiva-
tion session (‘‘delayed infusion’’ control), the animals were injected
with saline, SPD (3 mg/kg) or arcaine (10 mg/kg). Twenty-four
hours after reactivation, the animals were tested in the fear condi-
tioning apparatus and their freezing responses were scored, as
described above.
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Fig. 1. Postreactivation administration of SPD improves reconsolidation of contex-
tual fear memories. (a) Schematic of the experimental design. Rats received an i.p.
injection of SPD (1–30 mg/kg) or saline (0.9% NaCl, 1 ml/kg), immediately after a
reactivation session, and were tested for memory reconsolidation 1 day later. The
dose of 3 and 30 mg/kg (b) was effective at enhancement memory reconsolidation.
�p < 0.05 compared with vehicle by the SNK Test. Data are the means + SEM
percentage of freezing in reconsolidation testing session (n = 9–10 animals in each
group).
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Fig. 2. Postreactivation administration of arcaine impairs the reconsolidation of
contextual fear memories. (a) Schematic of the experimental design. Rats received
an i.p. injection of arcaine (0.1–10 mg/kg) or saline (0.9% NaCl, 1 ml/kg), immedi-
ately after a reactivation session, and were tested for memory reconsolidation 1 day
later. �p < 0.05 compared with vehicle by the SNK Test. Data are the means + SEM
percentage of freezing in reconsolidation testing session (n = 8 animals in each
group).
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2.5.4. Experiment 4
In order to investigate the involvement of polyamine-binding

sites on the NMDA receptor in the effect of polyamines, we initially
administered the polyaminergic agonist, SPD (at a non-effective
dose, determined by the dose-effect curve shown in Fig. 1) to prevent
the deleterious effect of the polyaminergic antagonist arcaine. The
animals were trained in the fear conditioning apparatus and, 24 h la-
ter, they were subjected to the reactivation session, as described
above. Immediately after reactivation session, the animals were in-
jected with saline or SPD (1 mg/kg) and 15 min later they were in-
jected with saline or arcaine (10 mg/kg) in different flanks.
Twenty-four hours after reactivation, the animals were tested in
the fear conditioning apparatus and their freezing responses were
scored, as described above.

In order to confirm the involvement of polyamine-binding sites
on the NMDA receptor in the effect of polyamines, we administered
the polyaminergic antagonist arcaine (at a non-effective dose, deter-
mined by dose-effect curve shown in Fig. 2) to prevent the facilita-
tory effect of SPD. The animals were trained in the fear
conditioning apparatus and, 24 h later, they were subjected to the
reactivation session, as described above. Immediately after reactiva-
tion session, the animals were injected with saline or arcaine
(0.1 mg/kg), immediately after reactivation, and saline or SPD
(3 mg/kg) 15 min later, in different flanks. Twenty-four hours after
reactivation, the animals were tested in the fear conditioning appa-
ratus and their freezing responses were scored, as described above.

2.5.5. Experiment 5
This experiment was designed to investigate whether the effect

of arcaine on memory reconsolidation involved state dependence.
Animals were trained in the fear conditioning apparatus and, 24 h la-
ter, they were subjected to the reactivation session, as described
above. Immediately after reactivation and 30 min before testing,
the animals were injected with saline or arcaine (10 mg/kg).
Twenty-four hours after reactivation session, the animals were
tested in the fear conditioning apparatus, where their freezing re-
sponses were scored, as described above.

2.6. Statistics

The data were converted to the percentage of samples scored as
freezing and analyzed by one- or two-way analysis of variance
(ANOVA), depending on the experimental design. Post hoc analyses
were carried out by the Student–Newman–Keuls test, when indi-
cated. A p < 0.05 was considered significant.
3. Results

3.1. Postreactivation SPD improves reconsolidation of contextual fear
memories biphasically

Fig. 1 shows the effect of SPD (1–30 mg/kg, i.p.) immediately
post-reactivation on the reconsolidation of fear conditioning. As
expected, statistical analysis (one-way ANOVA) of reactivation ses-
sion freezing scores revealed no difference among groups
[F(4,45) = 0.39, p > 0.05], indicating that animals’ behavior was
similar between groups before drug administration. Statistical
analysis (one-way ANOVA) of test freezing scores revealed a signif-
icant effect of drug treatment [F(4,44) = 4.71, p < 0.05]. Post hoc
analysis (SNK) revealed that while 3 and 10 mg/kg SPD increased,
1 and 30 mg/kg SPD had no effect on freezing scores at test. These
results suggest that SPD facilitates memory reconsolidation in a bi-
phasic manner.

3.2. Postreactivation administration of arcaine impairs reconsolidation
of contextual fear memories in a dose-dependent manner

Fig. 2 shows the effect of arcaine (0.1–10 mg/kg, i.p.) immedi-
ately post-reactivation on fear conditioning reconsolidation. One-
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Fig. 3. SPD and arcaine are specific for reconsolidation of contextual fear memories. (a) Schematic of the experimental design in the absence of reactivation session. Rats
received an i.p. injection of SPD (3 mg/kg), arcaine (ARC, 10 mg/kg) or saline (0.9% NaCl, 1 ml/kg), 24 h after training in the absence of reactivation session, and were tested for
memory reconsolidation 1 day later (b). (c) Schematic of the experimental design in the delayed administration of SPD and arcaine. Rats received an i.p. injection of SPD
(3 mg/kg), arcaine (ARC, 10 mg/kg) or saline (0.9% NaCl, 1 ml/kg), 6 h after reactivation session, and were tested for memory reconsolidation 1 day later (d). Data are
means + SEM percentage of freezing in the testing session (n = 7–10 animals in each group).
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way ANOVA of reactivation session freezing scores did not reveal
significant differences among groups [F(3,28) = 0.59, p > 0.05]. Sta-
tistical analysis of test session freezing scores revealed a significant
effect of pharmacological treatment [F(3,28) = 9.15, p < 0.05]. Post
hoc analysis (SNK) revealed that while 1 and 10 mg/kg arcaine de-
creased, 0.1 mg/kg arcaine did not alter freezing scores. These re-
sults suggest that arcaine impairs memory reconsolidation in a
dose-dependent manner.

3.3. SPD and arcaine specifically modulate contextual fear
reconsolidation

Fig. 3 shows the effect of SPD (3 mg/kg, i.p.) and arcaine (10 mg/
kg, i.p.) 24 h after training, in the absence of reactivation session
and 6 h after reactivation session, on contextual fear conditioning.
Statistical analysis (one-way ANOVA) revealed that SPD and ar-
caine did not alter contextual fear conditioning in the absence of
reactivation [F(2,18) = 0.41, p > 0.05, Fig. 3b] and that the delayed
injection of SPD and arcaine did not alter contextual fear condition-
ing [F(2,26) = 0.84, p > 0.05, Fig. 3d]. Again, as expected, statistical
analysis of reactivation freezing scores revealed no differences
among groups [F(2,26) = 0.28, p > 0.05, Fig. 3d].

3.4. Involvement of polyamine-binding sites at the NMDA receptor in
the effect of polyamines on reconsolidation of contextual fear
memories

Fig. 4b shows the effect of SPD, at a non-effective dose (1 mg/kg,
immediately post-reactivation) on the impairment of reconsolida-
tion induced by arcaine (10 mg/kg, 15 min post-reactivation).
Fig. 4d shows the effect of arcaine, at a non-effective dose
(0.1 mg/kg, immediately post-reactivation), on the improvement
of reconsolidation of contextual fear conditioning induced by SPD
(3 mg/kg, 15 min post-reactivation). Statistical analysis (one-way
ANOVA) of reactivation freezing scores revealed no differences
among the groups in both experiments [F(3,16) = 1.20, p > 0.05;
F(3,16) = 1.60, p > 0.05, Fig. 4b and d respectively]. On the other
hand, statistical analysis of test freezing scores (two-way ANOVA)
presented in Fig. 4b revealed a significant pretreatment (saline or
SPD) versus treatment (saline or arcaine) interaction
[F(1,16) = 57.67, p < 0.05]. Post hoc analysis (SNK) revealed that
SPD prevented the impairment of fear conditioning reconsolidation
induced by arcaine. Statistical analysis of test freezing scores
(two-way ANOVA) presented in Fig 4d revealed a significant pre-
treatment (saline or arcaine) versus treatment (saline or SPD)
interaction [F(1,16) = 13.50, p < 0.05]. Post hoc analysis (SNK) re-
vealed that arcaine prevented SPD-induced improvement of con-
textual fear conditioning reconsolidation.

3.5. Effect of arcaine on reconsolidation was not caused by state
dependence

Fig. 5 shows the effect of arcaine immediately post-reactivation
and 30 min before testing on contextual fear conditioning scores at
test. Again, statistical analysis of reactivation freezing scores (one-
way ANOVA) revealed no differences among groups [F(3,16) = 0.23,
p > 0.05]. On the other hand, statistical analysis of freezing scores
at test (two-way ANOVA) revealed only a significant effect of post-
reactivation pharmacological treatment [F(1,16) = 0.46, p > 0.05].
Post hoc analysis (SNK) confirmed that administration of arcaine
immediately after reactivation impaired reconsolidation regardless
whether arcaine was injected again before test or not. These results
rule out state dependence as a possible explanation for the currently
reported arcaine-induced impairment of reconsolidation.

4. Discussion

The current study showed that while the polyamine SPD im-
proves, arcaine, an antagonist of the polyamine binding site at
the NMDA receptor, impairs the reconsolidation of contextual fear
conditioning.

In a general sense, the current finding that arcaine disrupts the
reconsolidation of the memory of contextual fear conditioning task
corroborates those studies that have shown that NMDA receptor
antagonists impair memory reconsolidation (Charlier & Tirelli,
2011; Lee et al., 2006; Pedreira, Perez-Cuesta, & Maldonado,
2002). Early studies by Przybyslawski and Sara (1997) have shown
that blocking NMDA receptor with MK-801 up to 1 h after the reac-
tivation session impairs memory reconsolidation, when memory is
assessed 24 h or 48 h later, suggesting that NMDA modulators have
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Fig. 4. Involvement of polyamine-binding sites on the NMDA receptor in the effect of polyamines on reconsolidation. (a) Schematic of the experimental design to prevent the
amnesic effect of arcaine by SPD. Rats received an i.p. injection of SPD (1 mg/kg) or saline (0.9% NaCl, 1 ml/kg) immediately and saline (0.9% NaCl, 1 ml/kg) or arcaine (ARC,
10 mg/kg) 15 min after the reactivation session, and were tested for memory reconsolidation 1 day later (b). (c) Schematic of the experimental design to prevent the
facilitatory effect of SPD by arcaine. Rats received an i.p. injection of arcaine (ARC, 0.1 mg/kg) or saline (0.9% NaCl, 1 ml/kg) immediately and SPD (3 mg/kg, i.p.) or saline (0.9%
NaCl, 1 ml/kg) 15 min after the reactivation session, and were tested for memory reconsolidation 1 day later (d). �p < 0.05 compared with vehicle by the SNK. Data are
means + SEM percentage of freezing in the testing session (n = 5 animals in each group).
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Fig. 5. Effect of arcaine on reconsolidation was not caused by state dependence. (a)
Schematic of the experimental design. Rats received an i.p. injection of arcaine
(ARC, 10 mg/kg) or saline (0.9% NaCl, 1 ml/kg) immediately after reactivation and
30 min before testing, and were tested for memory reconsolidation. �p < 0.05
compared with vehicle by the SNK Test. Data are the means + SEM percentage of
freezing in the testing session (n = 5 animals in each group).
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a limited time window to interfere with memory reconsolidation.
More recently, additional evidence has been gathered indicating
that NR2B-containing NMDA receptors are critical for reconsolida-
tion. Mamou et al. (2006), have shown that NR2B subunits are nec-
essary for transforming stable fear conditioning memories into
labile ones during reactivation in the basolateral amygdala (BLA),
and Wang et al. (2009) have shown a relationship between NR2B
expression and the ability of an auditory fear memory to undergo
reconsolidation in the BLA. Interestingly, the deleterious effect of
arcaine on memory reconsolidation was fully prevented by a
non-effective dose of SPD. This is in full agreement with the view
that arcaine and SPD compete for the same binding site at the
NMDA receptor (Reynolds, 1990). Notwithstanding, arcaine inhib-
its [3H]MK801 binding in the absence of added polyamines, imply-
ing a constitutive role of ligand occupation of the polyamine site
for NMDA receptor function (Reynolds, 1990). Therefore, since ar-
caine may alter NMDA receptor function in the absence of poly-
amines, one must be cautious while presuming a physiological
role for endogenous polyamines on memory based only on data
obtained with arcaine.

In the current study we also showed that SPD improves memory
reconsolidation. These results are also in agreement with those from
Lee et al. (2006) and Yamada, Zushida, Wada, and Sekiguchi (2009),
who have shown that enhancing NMDA receptor-mediated gluta-
matergic transmission with D-cycloserine (DCS), a NMDA receptor
partial agonist, facilitates the reconsolidation of fear conditioning
memory. The currently described biphasic effect of SPD on memory
reconsolidation is also in agreement with the view that polyamines
modulate the NMDA receptor biphasically (Rock & Macdonald,
1995; Williams, 1997; Williams et al., 1991). Accordingly, poly-
amines, at low micromolar concentrations, enhance [3H]MK-801
and [3H]TCP binding to the NMDA receptor channel, whereas higher
concentrations of polyamines do not alter the binding of these li-
gands, resulting in a biphasic concentration dose–response curve
(Ransom & Stec, 1988; Sacaan & Johnson, 1990; Williams, 1997).
Accordingly, low concentrations of polyamines enhance NMDA-
evoked currents, whereas higher concentrations of polyamines pro-
duce less enhancement of, or inhibit, NMDA receptor currents
(McGurk, Bennett, & Zukin, 1990; Rock & Macdonald, 1995; Sprosen
& Woodruff, 1990; Williams, Dawson, Romano, Dichter, & Molinoff,
1990). Moreover, these results agree with previous studies that
have shown that intrahippocampal or intra-amygdala administra-
tion of SPD improves the memory of the inhibitory avoidance task
(Berlese et al., 2005; Rubin et al., 2000) and fear conditioning (Rubin
et al., 2004) in a biphasic manner.

One must also outline that the facilitatory role of SPD was fully
prevented by the administration of a non-effective dose of arcaine,
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providing pharmacological evidence that SPD effects involve the
polyamine binding site at the NMDA receptor.

Since we have previously shown that intrahippocampal SPD
facilitates the extinction of fear conditioning (Gomes et al., 2010),
some important methodological differences between the experi-
mental protocols used to investigate extinction and reconsolidation
must be emphasized. Reconsolidation protocols demand a brief
exposure of the animal to the conditioning context (Sara, 2000).
Such a short exposure strengths the association between context
and shock, as context brings about the vivid recall of the traumatic
shock experience. In this case, the duration of exposure is not en-
ough for the animal realize that the conditioned stimulus (CS) does
not predict the unconditioned stimulus (US) anymore. Accordingly,
longer periods of re-exposure to the training context allow such a
dissociation between CS and US. The dissociation between context
and shock implies a new learning (Ji & Maren, 2007; Myers & Davis,
2002; Szapiro, Vianna, McGaugh, Medina, & Izquierdo, 2003) and,
consequently, the formation of a different memory (engram). In this
context, it is reasonable that SPD facilitates extinction of fear condi-
tioning (Gomes et al., 2010), because it depends on the activation of
NMDA receptors (Myers & Davis, 2002), particularly those contain-
ing the NR2B subunit (Sotres-Bayon, Diaz-Mataix, Bush, & LeDoux,
2009). Therefore, one might argue that our results (this study and
Gomes et al., 2010) constitute pharmacological evidence supporting
the involvement of the NMDA receptor in fear conditioning recon-
solidation and extinction, as proposed by different authors (Bustos,
Giachero, Maldonado, & Molina, 2010; Lee et al., 2006; Sotres-Ba-
yon, Bush, & LeDoux, 2007; Suzuki et al., 2004; Weber, Hart, & Rich-
ardson, 2007; Yamada et al., 2009).

It is also interesting that the facilitatory effect of SPD on memory
reconsolidation did not occur when this polyamine was adminis-
tered 6 h after the reactivation session. This time window for the ef-
fect of SPD on reconsolidation is similar to that determined for SPD
on early consolidation of inhibitory avoidance (Berlese et al., 2005).
Nader et al. (2000) have shown that reconsolidation is sensitive to
protein synthesis inhibition also at a restricted time window (less
than 6 h), suggesting that both consolidation and reconsolidation
have time windows within which protein synthesis is required. Not-
withstanding, it is not known whether the facilitatory effects of SPD
on memory depend on protein synthesis, and which cerebral struc-
tures are affected by SPD and arcaine, as well. In this context, micr-
oinfusion studies may provide experimental evidence to answer
these questions.

At last, since previous studies have shown that arcaine causes
state-dependent learning (Ceretta, Camera, Mello, & Rubin, 2008;
Mariani et al., 2011) one might question whether the effect of arcaine
on memory reconsolidation is a form of state dependence, i.e., that
retrieval is dependent on a physiological/pharmacological state
present during acquisition (Izquierdo & Dias, 1983a,b,c, 1985; Over-
ton, 1964; Shulz, Sosnik, Ego, Haidarliu, & Ahissar, 2000). However,
the deleterious effect of arcaine on memory reactivation was not re-
versed by the administration of arcaine before testing (Fig. 5), ruling
out state-dependent learning in the currently reported effects of
arcaine.

In summary, this study showed that while the systemic injection
of SPD immediately after reactivation improves, the injection of ar-
caine impairs memory reconsolidation. We also showed that sys-
temic injection of arcaine prevents the improvement of memory
reconsolidation induced by SPD and that the injection of SPD pre-
vents arcaine-induced impairment of memory reconsolidation.
These findings suggest that ligands of the polyamine binding site
at the NMDA receptor modulate memory reconsolidation. Moreover,
arcaine-induced impairment of reconsolidation is not related to
state dependence. These results indicate a role for polyamines on
memory reconsolidation.
Acknowledgments

The authors thank Dr. Gustavo Petri Guerra for a critical reading
of the manuscript and insightful suggestions. C.F. Mello and M.A.
Rubin are recipients of productivity CNPq fellowships.
References

Ben Mamou, C., Gamache, K., & Nader, K. (2006). NMDA receptors are critical for
unleashing consolidated auditory fear memories. Nature Neuroscience, 9,
1237–1239.

Berlese, D. B., Sauzem, P. D., Carati, M. C., Guerra, G. P., Stiegemeier, J. A., Mello, C. F.,
et al. (2005). Time-dependent modulation of inhibitory avoidance memory by
spermidine in rats. Neurobiology of Learning and Memory, 83, 48–53.

Bustos, S. G., Giachero, M., Maldonado, H., & Molina, V. A. (2010). Previous stress
attenuates the susceptibility to Midazolam’s disruptive effect on fear memory
reconsolidation: Influence of pre-reactivation D-cycloserine administration.
Neuropsychopharmacology, 35, 1097–1108.

Camera, K., Mello, C. F., Ceretta, A. P., & Rubin, M. A. (2007). Systemic administration
of polyaminergic agents modulate fear conditioning in rats. Psychopharmacology
(Berl), 192, 457–464.

Ceretta, A. P., Camera, K., Mello, C. F., & Rubin, M. A. (2008). Arcaine and MK-801
make recall state-dependent in rats. Psychopharmacology (Berl), 201, 405–411.

Charlier, Y., & Tirelli, E. (2011). Differential effects of histamine H(3) receptor
inverse agonist thioperamide, given alone or in combination with the N-
methyl-D-aspartate receptor antagonist dizocilpine, on reconsolidation and
consolidation of a contextual fear memory in mice. Neuroscience, 193, 132–142.

Dudai, Y. (2004). The neurobiology of consolidations, or, how stable is the engram?
Annual Reviews psychology, 55, 51–86.

Gomes, G. M., Mello, C. F., da Rosa, M. M., Bochi, G. V., Ferreira, J., Barron, S., et al.
(2010). Polyaminergic agents modulate contextual fear extinction in rats.
Neurobiology of Learning and Memory, 93, 589–595.

Guerra, G. P., Mello, C. F., Bochi, G. V., Pazini, A. M., Fachinetto, R., Dutra, R. C., et al.
(2011). Hippocampal PKA/CREB pathway is involved in the improvement of
memory induced by spermidine in rats. Neurobiology of Learning and Memory,
96, 324–332.

Guerra, G. P., Mello, C. F., Bochi, G. V., Pazini, A. M., Rosa, M. M., Ferreira, J., et al.
(2012). Spermidine-induced improvement of memory involves a cross-talk
between protein kinases C and A. Journal of Neurochemistry.

Guerra, G. P., Mello, C. F., Sauzem, P. D., Berlese, D. B., Furian, A. F., Tabarelli, Z., et al.
(2006). Nitric oxide is involved in the memory facilitation induced by
spermidine in rats. Psychopharmacology (Berl), 186, 150–158.

Izquierdo, I., & Dias, R. D. (1983a). Effect of ACTH, epinephrine, beta-endorphin,
naloxone, and of the combination of naloxone or beta-endorphin with ACTH or
epinephrine on memory consolidation. Psychoneuroendocrinology, 8, 81–87.

Izquierdo, I., & Dias, R. D. (1983b). Endogenous state-dependency: Memory
regulation by post-training and pre-testing administration of ACTH, beta-
endorphin, adrenaline and tyramine. Brazilian Journal of Medical and Biological
Research, 16, 55–64.

Izquierdo, I., & Dias, R. D. (1983c). Memory as a state dependent phenomenon: Role
of ACTH and epinephrine. Behavioral and Neural Biology, 38, 144–149.

Izquierdo, I., & Dias, R. D. (1985). Influence on memory of posttraining or pre-test
injections of ACTH, vasopressin, epinephrine, and beta-endorphin, and their
interaction with naloxone. Psychoneuroendocrinology, 10, 165–172.

Ji, J., & Maren, S. (2007). Hippocampal involvement in contextual modulation of fear
extinction. Hippocampus, 17, 749–758.

Johnson, T. D. (1996). Modulation of channel function by polyamines. Trends in
Pharmacological Sciences, 17, 22–27.

Kishi, A., Ohno, M., & Watanabe, S. (1998). Concurrent activation of hippocampal
glycine and polyamine sites of the N-methyl-D-aspartate receptor
synergistically reverses working memory deficits in rats. Neuroscience Letters,
257, 131–134.

Lee, J. L., Milton, A. L., & Everitt, B. J. (2006). Reconsolidation and extinction of
conditioned fear: Inhibition and potentiation. Journal of Neuroscience, 26,
10051–10056.

Mariani, R. K., Mello, C. F., Rosa, M. M., Ceretta, A. P., Camera, K., & Rubin, M. A.
(2011). Effect of naloxone and morphine on arcaine-induced state-dependent
memory in rats. Psychopharmacology (Berl), 215, 483–491.

McGaugh, J. L. (1966). Time-dependent processes in memory storage. Science, 153,
1351–1358.

McGaugh, J. L. (2000). Memory – A century of consolidation. Science, 287, 248–251.
McGurk, J. F., Bennett, M. V., & Zukin, R. S. (1990). Polyamines potentiate responses

of N-methyl-D-aspartate receptors expressed in xenopus oocytes. Proceedings of
the National Academy of Sciences, United States, 87, 9971–9974.

Myers, K. M., & Davis, M. (2002). Behavioral and neural analysis of extinction.
Neuron, 36, 567–584.

Nader, K., & Hardt, O. (2009). A single standard for memory: The case for
reconsolidation. Nature Review Neuroscience, 10, 224–234.

Nader, K., Schafe, G. E., & Le Doux, J. E. (2000). Fear memories require protein
synthesis in the amygdala for reconsolidation after retrieval. Nature, 406,
722–726.

Overton, D. A. (1964). State-dependent or ‘‘dissociated’’ learning produced with
pentobarbital. Journal of Comparative Physiological Psychology, 57, 3–12.

http://refhub.elsevier.com/S1074-7427(13)00061-0/h0005
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0005
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0005
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0010
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0010
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0010
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0015
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0015
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0015
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0015
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0015
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0015
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0020
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0020
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0020
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0025
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0025
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0030
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0030
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0030
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0030
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0030
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0030
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0035
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0035
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0040
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0040
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0040
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0045
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0045
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0045
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0045
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0050
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0050
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0050
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0055
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0055
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0055
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0060
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0060
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0060
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0065
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0065
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0065
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0065
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0070
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0070
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0075
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0075
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0075
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0080
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0080
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0085
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0085
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0090
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0090
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0090
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0090
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0090
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0090
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0095
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0095
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0095
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0100
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0100
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0100
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0105
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0105
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0110
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0115
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0115
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0115
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0115
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0115
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0120
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0120
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0125
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0125
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0130
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0130
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0130
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0135
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0135


D.A. Ribeiro et al. / Neurobiology of Learning and Memory 104 (2013) 9–15 15
Pedreira, M. E., Perez-Cuesta, L. M., & Maldonado, H. (2002). Reactivation and
reconsolidation of long-term memory in the crab Chasmagnathus: Protein
synthesis requirement and mediation by NMDA-type glutamatergic receptors.
Journal of Neuroscience, 22, 8305–8311.

Przybyslawski, J., & Sara, S. J. (1997). Reconsolidation of memory after its
reactivation. Behavioural Brain Research, 84, 241–246.

Ransom, R. W., & Stec, N. L. (1988). Cooperative modulation of [3H]MK-801 binding
to the N-methyl-D-aspartate receptor-ion channel complex by L-glutamate,
glycine, and polyamines. Journal of Neurochemistry, 51, 830–836.

Reynolds, I. J. (1990). Arcaine is a competitive antagonist of the polyamine site on
the NMDA receptor. European Journal of Pharmacology, 177, 215–216.

Rock, D. M., & Macdonald, R. L. (1995). Polyamine regulation of N-methyl-D-
aspartate receptor channels. Annual Review of Pharmacology and Toxicology, 35,
463–482.

Rubin, M. A., Berlese, D. B., Stiegemeier, J. A., Volkweis, M. A., Oliveira, D. M., dos
Santos, T. L., et al. (2004). Intra-amygdala administration of polyamines
modulates fear conditioning in rats. Journal of Neuroscience, 24, 2328–2334.

Rubin, M. A., Boemo, R. L., Jurach, A., Rojas, D. B., Zanolla, G. R., Obregon, A. D., et al.
(2000). Intrahippocampal spermidine administration improves inhibitory
avoidance performance in rats. Behavioural Pharmacology, 11, 57–61.

Rubin, M. A., Stiegemeier, J. A., Volkweis, M. A., Oliveira, D. M., Fenili, A. C., Boemo, R.
L., et al. (2001). Intra-amygdala spermidine administration improves inhibitory
avoidance performance in rats. European Journal of Pharmacology, 423, 35–39.

Sacaan, A. I., & Johnson, K. M. (1990). Characterization of the stimulatory and
inhibitory effects of polyamines on [3H]N-(1-[thienyl]cyclohexyl) piperidine
binding to the N-methyl-D-aspartate receptor ionophore complex. Molecular
Pharmacology, 37, 572–577.

Sara, S. J. (2000). Retrieval and reconsolidation: Toward a neurobiology of
remembering. Learning & Memory, 7, 73–84.

Shimada, A., Spangler, E. L., London, E. D., & Ingram, D. K. (1994). Spermidine
potentiates dizocilpine-induced impairment of learning performance by rats in
a 14-unit T-maze. European Journal of Pharmacology, 263, 293–300.

Shulz, D. E., Sosnik, R., Ego, V., Haidarliu, S., & Ahissar, E. (2000). A neuronal
analogue of state-dependent learning. Nature, 403, 549–553.
Sotres-Bayon, F., Bush, D. E., & LeDoux, J. E. (2007). Acquisition of fear extinction
requires activation of NR2B-containing NMDA receptors in the lateral
amygdala. Neuropsychopharmacology, 32, 1929–1940.

Sotres-Bayon, F., Diaz-Mataix, L., Bush, D. E., & LeDoux, J. E. (2009). Dissociable roles
for the ventromedial prefrontal cortex and amygdala in fear extinction: NR2B
contribution. Cerebral Cortex, 19, 474–482.

Sprosen, T. S., & Woodruff, G. N. (1990). Polyamines potentiate NMDA induced
whole-cell currents in cultured striatal neurons. European Journal of
Pharmacology, 179, 477–478.

Suzuki, A., Josselyn, S. A., Frankland, P. W., Masushige, S., Silva, A. J., & Kida, S.
(2004). Memory reconsolidation and extinction have distinct temporal and
biochemical signatures. Journal of Neuroscience, 24, 4787–4795.

Szapiro, G., Vianna, M. R., McGaugh, J. L., Medina, J. H., & Izquierdo, I. (2003). The
role of NMDA glutamate receptors, PKA, MAPK, and CAMKII in the hippocampus
in extinction of conditioned fear. Hippocampus, 13, 53–58.

Tronson, N. C., & Taylor, J. R. (2007). Molecular mechanisms of memory
reconsolidation. Nature Reviews Neuroscience, 8, 262–275.

Wang, S. H., de Oliveira Alvares, L., & Nader, K. (2009). Cellular and systems
mechanisms of memory strength as a constraint on auditory fear
reconsolidation. Nature Neuroscience, 12, 905–912.

Weber, M., Hart, J., & Richardson, R. (2007). Effects of D-cycloserine on extinction of
learned fear to an olfactory cue. Neurobiology of Learning and Memory, 87,
476–482.

Williams, K. (1997). Interactions of polyamines with ion channels. Biochemical
Journal, 325(Pt 2), 289–297.

Williams, K., Dawson, V. L., Romano, C., Dichter, M. A., & Molinoff, P. B. (1990).
Characterization of polyamines having agonist, antagonist, and inverse agonist
effects at the polyamine recognition site of the NMDA receptor. Neuron, 5,
199–208.

Williams, K., Romano, C., Dichter, M. A., & Molinoff, P. B. (1991). Modulation of the
NMDA receptor by polyamines. Life Science, 48, 469–498.

Yamada, D., Zushida, K., Wada, K., & Sekiguchi, M. (2009). Pharmacological
discrimination of extinction and reconsolidation of contextual fear memory
by a potentiator of AMPA receptors. Neuropsychopharmacology, 34, 2574–2584.

http://refhub.elsevier.com/S1074-7427(13)00061-0/h0140
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0140
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0140
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0140
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0145
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0145
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0150
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0150
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0150
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0150
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0150
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0150
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0150
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0155
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0155
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0160
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0160
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0160
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0160
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0160
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0165
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0165
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0165
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0170
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0170
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0170
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0175
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0175
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0175
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0180
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0180
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0180
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0180
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0180
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0180
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0185
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0185
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0190
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0190
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0190
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0195
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0195
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0200
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0200
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0200
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0205
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0205
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0205
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0210
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0210
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0210
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0215
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0215
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0215
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0220
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0220
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0220
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0225
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0225
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0230
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0230
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0230
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0235
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0235
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0235
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0235
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0235
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0240
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0240
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0245
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0245
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0245
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0245
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0250
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0250
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0255
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0255
http://refhub.elsevier.com/S1074-7427(13)00061-0/h0255

	Polyaminergic agents modulate the reconsolidation of conditioned fear
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Drugs
	2.3 Conditioning apparatus
	2.4 Behavioral procedure
	2.4.1 Contextual fear conditioning
	2.4.2 Reactivation session
	2.4.3 Test session

	2.5 Experimental groups
	2.5.1 Experiment 1
	2.5.2 Experiment 2
	2.5.3 Experiment 3
	2.5.4 Experiment 4
	2.5.5 Experiment 5

	2.6 Statistics

	3 Results
	3.1 Postreactivation SPD improves reconsolidation of contextual fear memories biphasically
	3.2 Postreactivation administration of arcaine impairs reconsolidation of contextual fear memories in a dose-dependent manner
	3.3 SPD and arcaine specifically modulate contextual fear reconsolidation
	3.4 Involvement of polyamine-binding sites at the NMDA receptor in the effect of polyamines on reconsolidation of contextual fear memories
	3.5 Effect of arcaine on reconsolidation was not caused by state dependence

	4 Discussion
	Acknowledgments
	References


