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ABSTRACT
Retrieval labilizes memory traces and these gates two protein synthesis-dependent processes in the brain: extinction,
which inhibits further retrieval, and reconsolidation, which may enhance retrieval or change its content. Extinction
may itself suffer reconsolidation. Interactions among these processes may be applied to treatments of fear memories,
such as those underlying post-traumatic stress disorders.
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OBJECTIVES

Posttraumatic stress disorder (PTSD) has been treated
for a number of years by means of Pavlovian extinc-
tion, often under the name of “exposure”. Recently
there have been several basic findings on how to mod-
ify extinction by behavioral means. This may result in
its enhancement, and this should increase its power
to treat fear memories, particularly those underlying
PTSD. Here we will briefly revise this topic, which is
both of academic and clinical interest.

INTRODUCTION

Memories may be modified in many ways after their
consolidation. The two best known and most widely
studied ways are extinction and reconsolidation, which
change memories quantitatively and, in the case of re-
consolidation, sometimes also qualitatively. Of course,
the mere quantitative alteration of any given memory
or group of memories can modify cognition very ex-
tensively: Norberto Bobbio (1909-2004) observed that
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“we are what we remember” (Izquierdo 2011). It is
impossible to be what we do not remember; we live,
think, perceive and make plans for the future based on
memories, both for the next few seconds and for the
distant future. And if we change what we remember,
we certainly will change what we are and thereby what
we can be.

The nonreinforced retrieval of long-tem memories
reactivates the previously consolidated traces of those
memories and puts them in a labile state, in which they
may undergo two opposite protein synthesis-dependent
processes: extinction (Pavlov 1956, McGaugh 2000,
Izquierdo 2011) and reconsolidation (Sara 2000, Iz-
quierdo et al. 2008, Quirk et al. 2010, Bevilaqua et al.
2010). Extinction was originally described by Pavlov
a century ago (Pavlov 1956). Reconsolidation has been
recognized relatively recently (Sara 2000, Nader et al.
2000). Both processes are triggered during the first re-
trieval session after the original consolidation of mem-
ories (Sara 2000, Vianna et al. 2001, Cammarota et al.
2005, Izquierdo et al. 2008, Quirk et al. 2010), and
have been described in a number of species and learn-
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ing situations. Reconsolidation mechanisms apparently
are activated somewhat earlier than extinction processes
in the central nervous system of crabs (Pérez-Cuesta et
al. 2007). They cannot be activated after extinction has
already been initiated because by then the extinction
process has already begun to take its toll, which it does
right after it starts (Izquierdo et al. 1965, Cammarota et
al. 2005, Izquierdo 2011).

Extinction consists of the inhibition of retrieval of
previously consolidated memories (Pavlov 1956, Res-
corla 2001, Izquierdo 2011), and is widely used in the
treatment of fear memories, such as that underlying
post-traumatic stress disorders (Beckett 2002, Davis
et al. 2006a, Izquierdo et al. 2008, Quirk et al. 2010).
The fading away of memories not yet consolidated, such
as those that last only a few minutes or hours, may
be viewed as short-term extinction (Cammarota et al.
2005), but it is not clear whether it is part of the same
phenomenon. Short-term memories may just fade away
because they are not accompanied and substantiated
by brain protein synthesis (Quevedo et al. 1999, Igaz
et al. 2002).

Reconsolidation is supposed to reaffirm memories
that could otherwise be lost (Sara 2000, Nader et al.
2000, Rossato et al. 2006, 2010), and may allow incor-
poration of additional information into them (Forcato
et al. 2010, Schiller et al. 2010) which is, by the way,
commonplace in retrieval sessions (Izquierdo 1984); ac-
tually, multi-trial learning consists of new learnings on
top of retrievals, repeatedly. Such learning is in fact the
one used for educational purposes all over the world.
Extinction is a form of learning (Rescorla 2001, Quirk
et al. 2010, Izquierdo 2011), whereas reconsolidation
is instead a property of retrieval (Izquierdo et al. 2008,
Bevilaqua et al. 2010), which might or might not in-
volve the addition of new learning. Extinction is directly
observable (Pavlov 1956, Quirk et al. 2010, Bevilaqua
et al. 2010, Izquierdo 2011); reconsolidation must be
inferred from observations that post-retrieval treat-
ments, such as protein synthesis inhibition or other
treatments in the amygdala (Nader et al. 2000) or hip-
pocampus (Debiec et al. 2002, Rossato et al. 2006,
2010, Amaral et al. 2007), reduce retrieval in a sub-
sequent session.
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Extinction is not forgetting: responses either re-
cover spontaneously if the extinction trials are delayed,
or return in full if just one reinforcement is given
(Pavlov 1956, Izquierdo et al. 1965, Rescorla 2001).
This means that they remain encoded in the brain dur-
ing extinction, but are not expressed. Reconsolidation
is not a recapitulation or a repetition of consolidation:
the time course of both processes is different, and so
are several of the brain structures and molecular pro-
cesses involved (Quirk et al. 2010, Bevilaqua et al.
2010, Izquierdo 2011).

Knowledge about extinction and reconsolidation
has accumulated in recent years, but their possible inter-
actions have been less studied. Recent findings suggest
that these interactions could be of clinical significance in
the treatment of fear memories, such as those of PTSD.

Abundant evidence shows that both extinction and
reconsolidation are initiated by retrieval (Vianna et al.
2001, Szapiro et al. 2003, Cammarota et al. 2005). In-
deed, this is particularly evident in extinction, whose
mechanisms in its early phase in the first test session
after the last reinforced trial have been much better
worked out than those of reconsolidation, particularly
in the hippocampus (Vianna et al. 2001, Cammarota et
al. 2005). Several of the biochemical changes that un-
derlie retrieval in this structure, such as the activation
of dopaminergic and noradrenergic receptors, protein
kinase A, extracellularly regulated kinases (Barros et
al. 2000) and even the synthesis of pCREB (phospho-
rylated cyclic AMP response element binding protein),
long held as a crucial step in the laying down of long-
term potentiation and memories (Bernabeu et al. 1997),
may at the same time express a post-retrieval event
(Viola et al. 2000) and substantiate the biochemical
changes of extinction (Szapiro et al. 2002). Both ex-
tinction and reconsolidation are pharmacologically af-
fected by a variety of drugs given into the hippocam-
pus, the basolateral amygdala, and/or the ventromedial
prefrontal cortex immediately after retrieval (Izquierdo
et al. 2008, Quirk et al. 2010, Bevilaqua et al. 2010).
While extinction can take place any time after the orig-
inal learning (hours, days, months, years; Pavlov 1956)
and regardless of how many times the animals have been
exposed to it before (Izquierdo et al. 1965), reconsoli-
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dation can only be obtained if the retrieval session that
triggers it takes place shortly after the original train-
ing (a few hours; Monfils et al. 2009; or at most a few
days; Milekic and Alberini 2002). Susceptibility of re-
consolidation to protein synthesis inhibitors given into
the amygdala or hippocampus decreases as the time be-
tween training and recall increases (Milekic and Albe-
rini 2002), and so does the reconsolidating effect of re-
trieval. As will be seen, this property of retrieval has
been recently put to use in the design of a new technique
to promote a better extinction (Schiller et al. 2010).

THE USE OF EXTINCTION IN THE TREATMENT
OF FEAR-MOTIVATED LEARNING

In the first half of the past century the most studied
types of fear-motivated behaviors were the phobic states,
and the prevalent explanation of these states was Pierre
Janet’s theory of a constitutional lowering of brain en-
ergy, somehow related to hysteria (Janet 1906). In 1909,
Freud described the case of Little Hans, a 5-year old boy
with a strong Oedipal Complex and an intense fear and
rejection of his father, from whom he feared castration.
This marked for Freud a turning point in his studies and
thinking about fear-motivated disorders (Nemiah 1985).
Phobias were then seen as the major and prototypical
fear-motivated disorder. Over the years, the family of
disorders generated by fear learning was perceived as
englobing many more conditions than just the phobic
disorder, and today, among its various members, PTSD
is seen as the most serious one (Sher and Vilens 2010).

Note that in this very brief historical survey we
made reference to Pierre Janet’s idea of fear-motivated
behaviors being related to hysteria, and to Freud’s early
belief that such behaviors derived from the symbolic fear
of castration. Gains or losses of brain energy, hysteria
and symbolic fear of castration are scarce if ever men-
tioned in today’s more biologically oriented Psychiatry
or Neuroscience literature, except for historical reasons,
like here. Actually, hysteria and the symbolic fear of
castration have all but disappeared as clinical entities in
modern Psychiatry.

About 100 years ago, panic began to be differen-
tiated from the phobias. Until then, both were pooled
together: it was customary to say that exposure to cer-
tain objects or situations caused panic. From the 1960’s

through the 1980’s pharmacological treatments dif-
ferentiated them further: panic responds readily to ben-
zodiazepines and phobias do not. Over the years, two
major World Wars and a long succession of other catas-
trophes made the PTSD recognizable as the most seri-
ous disease of the family of fear-motivated disorders.
The consequences of natural and man-made disasters on
mental health began to be seen under the modern psy-
chiatric understanding of fear-related pathologies, which
led to the recognition of PTSD in those terms. It is very
significant that the front cover of one the most recent
major books on PTSD (Sher and Vilens 2010) features a
picture of soldiers at war; in many countries, war is a ma-
jor cause of PTSD; in others, it is earthquakes, tsunamis,
floods, landslides or other natural or man-made disas-
ters. For most, however, the major source of PTSD is
individual, rather than collective experiences: rape, tor-
ture, accidents, major illnesses, humiliations, etc.

At some point back in the 1920’s Freud and his
disciple, Sandor Ferenczi, found it impossible to treat
phobias with psychoanalytic techniques, let alone more
serious fear-motivated syndromes, and turned to Pavlo-
vian extinction, which Freud called “habituation”. They
applied it with success from the very beginning to the
treatment of phobias (Nemiah 1985). It is still the treat-
ment of choice today.

In the last 30 years, PTSD was recognized as the
most serious and a very prevalent fear-motivated dis-
order (Beckett 2002, Sher and Vilens 2010). The dis-
order had long been known, but its establishment as a
definite clinical entity took place in the past few decades.
Pavlovian extinction began to be applied with success
to the treatment of PTSD (Beckett 2002, Davis et al.
2006a). The clinical procedure involves the exposure of
the patient to the feared object or context, or to a close
enough representation of it (photographs, etc.) without
any danger, while the therapist comforts the client in
order to reduce anxiety. In clinical settings, extinction
became known by a variety of different names (exposure,
flooding, desensitization, etc.) because of the strong re-
sistance of most North American and some European
Psychologists and Psychiatrists to use Pavlovian termi-
nology. Freud himself called it “habituation”, which in
Pavlovian terminology and in Neuroscience as a whole
means a different thing (Pavlov 1956, Izquierdo 2011).
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Habituation is the waning of an unconditioned response
with repetition, whereas extinction is the waning of a
conditioned response. The systems and brain sites in-
volved in habituation are different from those involved
in extinction (Izquierdo 2011). Freud was a contempo-
rary of Pavlov and saw him as a competitor in Psy-
chological or Psychiatric theory and terminology. To-
day, in turn, many psychiatrists and psychologists reject
Freudian concepts and terminology, and a large number
of them belong to a school advocating Cognitive Ther-
apy (Izquierdo 2006) as an approach to the treatment of
mental disturbances quite different from Psychoanaly-
sis, be it Freudian or non-Freudian. They consider the
“exposure” therapy as belonging to the realm of Cogni-
tive Therapy. Perhaps inadvertently Freud himself laid
the foundation of Cognitive Therapy back in the 1920°s
with his introduction of extinction for the treatment of
phobias; even he thought it would be better to use it un-
der a different name (Izquierdo 2006).

WHY, UNLIKE IN MOST OTHER PSYCHIATRIC
DISORDERS, DRUGS ARE LITTLE USED
TO TREAT PTSD OR PHOBIAS

The possibility of erasing memories rather than just
inhibiting their expression, has been entertained since
McGaugh and coworkers first showed drug-induced in-
hibition of memory consolidation by posttraining treat-
ments in the 1950’s (see McGaugh 2000) and Gold,
Izquierdo, Bohus and their coworkers described the in-
hibition of retrieval by pre-test treatments in later years
(Izquierdo 1984). In some cases the inhibition of re-
trieval is due to a drug-induced mismatch between the
brain state(s) prevalent at the time of consolidation and
the state(s) prevalent at the time of testing: the best
studied case is when opioids are given posttraining, but
not at the time of testing, a situation in which various
brain regions and neurotransmitter systems are activated
(Izquierdo 1984, Krajehpour and Zarrindast 2009).
Posttraining “amnestic” treatments, however, prevent or
cancel the on-going recording of memories rather than
cause a real amnesia, humans who receive them perceive
them as amnestic because they cannot interpret a short-
lived loss of recording in any other manner (Izquierdo
2011). It is of course certainly possible to cancel mem-
ories in humans by posttraining or pre-test treatments:
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the amnesic effect of anesthesia, head trauma or electro-
convulsive shock has been known for years (McGaugh
2000). However posttraining and pre-test treatments
are seriously hampered by their time-locked nature. For
example, it has been shown that the posttraining admin-
istration of B-noradrenergic receptor antagonists like
propranolol can cause “retrograde amnesia” for many
if not all kinds of memory, first in rodents (see McGaugh
2000) and more recently in humans (Orr et al. 2006).
The same happens with sevoflurane and other general
anesthetics (Alkire et al. 2008), a class of drugs that has
long been known to induce posttraining amnesia and that
are difficult to handle safely by the lay people. However,
it is obviously impractical to use any of the two treat-
ments since people do not walk about with propranolol
or sevoflurane in their pockets to use immediately af-
ter acquiring a traumatic memory, which is when these
treatments act (Quirk et al. 2010, Bevilaqua et al. 2010).

Likewise, many treatments are very effective in
blocking retrieval, sometimes permanently (see Izquier-
do 1984) when given shortly before a retention test ses-
sion; perhaps physiologically the most important are
cortisol and other glucocorticoids (De Quervain 2006,
De Quervain et al. 2011). Actually, the effect of sev-
eral of these posttraining amnestic treatments, like the
anesthetic sevofluorane, is mediated by an interference
with B-noradrenergic receptors in the basolateral amyg-
dala and perhaps elsewhere, which mediate retrieval,
and, in addition, or related to that, by a reduction of
blood flow in the temporal lobe (De Quervain et al.
2011). But, again, people simply do not carry corticoids
or sevofluorane to use in anticipation of a traumatic
episode that is yet to come. Actually, many episodes are
traumatic because they happen by surprise.

Further, many consider that erasing a memory, no
matter how bad that memory may be, is ethically im-
proper (see Bevilaqua et al. 2010 for a discussion of this
point); even though this possibility so far has proven to
be largely theoretical for the practical reasons discussed
in the preceding paragraph. So far, in effect, the selec-
tive erasure of one or a few given memories has been
only a subject of fiction. It can be counter argued that
there is no ethical reason that can justify preserving the
memory of a rape or of a session of torture if it can be
effectively eliminated (Bevilaqua et al. 2010, Izquierdo
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2011), people can always get information about rape or
torture without having to retrieve recurrent flashbacks
of their own sad experiences with them.

Thus, neither posttraining nor pre-test pharmaco-
logical treatments are of much practical value in alle-
viating PTSD or related syndromes, including the pho-
bias. Since no drug effects outside the post-event or
pre-retrieval periods are known that may inhibit trau-
matic or otherwise unwanted memories, there really is
no appropriate way to treat fear-motivated syndromes
with drugs, aside from panic attacks. These do pertain,
however, to a different class of anxiety disorders, inas-
much as, contrary to phobias or certainly PTSD, they are
not linked to any traceable memory in particular or to a
given stimulus or event. Panic happens on its own, un-
predictably, and can be treated with benzodiazepines, or
a variety of anxiolytic or antidepressant agents adminis-
tered once it starts or, in those cases in which it recurs
preferentially around a given hour of the day, just before
that hour, daily.

The impossibility or implausibility of using drug
treatments for PTSD or phobias makes the use of ex-
tinction therapy not only desirable, but also mandatory
(Beckett 2002, Davis et al. 2006a, Izquierdo et al.
2008, Quirk et al. 2010). A few authors have recom-
mended to use it together with corticoids (De Quervain
2006) or, more rarely, with benzodiazepines or cyclo-
serine, a drug that acts on the glycine site of gluta-
mate NMDA receptors (Ressler et al. 2004, Davis et al.
2006b). Cycloserine, for this reason, enhances extinc-
tion when given into the hippocampus or the basolat-
eral amygdala, two structures that participate in the gen-
esis of extinction through NMDA receptors at least in
the hippocampus (Szapiro et al. 2003). Much evidence
suggests a similar biochemical chain of events in the
hippocampus and basolateral amygdala both for con-
solidation and extinction, and to an extent by reconsol-
idation (Rossato et al. 2007, Duvarci et al. 2008). This
suggests the possibility that the behavioral outcome, in
response to the two main post-retrieval processes, ex-
tinction and reconsolidation, may not depend as much
on what biochemical pathways are activated, but on
where in the brain they are activated in each case; i.e.,
whether it is predominantly in the hippocampus, or in
the basolateral amygdala, or elsewhere. The brain areas

that participate in consolidation and extinction, except
for the hippocampus and amygdala, are not the same,
even though the neurochemical systems involved in
each behavioral process are similar in these two areas
(Myskiw et al. 2010).

Anxiolytics have been lately sporadically recom-
mended for the treatment of PTSD, but their use has yet
to give any satisfactory result comparable to those of
extinction (see Sher and Vilens 2010).

Several studies have suggested a key role of hip-
pocampal endogenous cannabinoids in the extinction of
aversive (Kamprath et al. 2006), but not appetitive learn-
ing (Holter et al. 2005) in animal models (see also La-
fenétre et al. 2007, Heifets and Castillo 2009). The fact
that cannabinoids are not available legally in many coun-
tries hinders the possible postulation of their use in clin-
ical settings in order to enhance extinction. A role for
endocannabinoids in the consolidation via mTOR pro-
tein synthesis stimulation has been also suggested (Pui-
ghermanal et al. 2009). There is a recent rather compre-
hensive review on the role of cannabinoids in long-term
synaptic plasticity (Heifets and Castillo 2009).

INTERACTIONS BETWEEN EXTINCTION AND
RECONSOLIDATION, AND THEIR POSSIBLE
APPLICATION TO PTSD THERAPY

The widely accepted use of extinction for the treatment
of fear-motivated disorders has generated much research
recently on how it can be enhanced by making use of
what we already know about its interaction with mere
retrieval and with reconsolidation.

Monfils et al. (2009) recently submitted rats to a
retrieval session of fear learning shortly after acquisition
and, once the memory of the fear was labilized, exposed
them to formal extinction of the task. The intercalated
“extra” retrieval session was of course a session of ex-
tinction, actually the first of a series, but it was given
within the 6 hours “reconsolidation” window, a time
after the original training in which the memory trace
was labilized. This pre-exposure or “reminder” proce-
dure facilitated extinction. The data suggest that this
procedure should be useful to enhance the therapeutic
effect of extinction in fear-motivated tasks, which has
been used for years in the treatment of the posttrau-
matic stress disorder (Beckett 2002, Davis et al. 2006a,
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Quirk et al. 2010). Since this treatment is not fail-safe
and the obvious alternative, the pharmacological in-
hibition of reconsolidation, is difficult, if at all possi-
ble, in humans, the “trick” proposed by Monfils et al.
(2009) of interposing an isolated retrieval session at a
time of memory labilization before the formal extinc-
tion procedure in order to increase the susceptibility of
the memory to extinction seems very sound. Before
the notion of memory labilization by retrieval took hold
(Sara et al. 2000, Nader et al. 2000), of course the extra
trial presented before the formal extinction would have
been viewed as just one more extinction trial, i.e., actu-
ally the first of the extinction series (Pavlov 1956).

In another paper, Schiller et al. (2010) updated an
originally fearful memory with non aversive informa-
tion during the reconsolidation window in humans and
successfully erased the fearful memory for at least one
year without affecting other memories. Actually, this
may be viewed as one form of inducing extinction, in
extinction, the original response is actually superseded
by another response, namely, that of specifically inhibit-
ing the original response (Pavlov 1956, Rescorla 2001,
2004). Both in the memory update and in the pre-ex-
posure procedure an obvious requisite is that the labi-
lization session is carried out shortly after acquisition of
the memory, which in real-life post-traumatic stress is of
course not always possible.

Recently, Garcia de la Torre et al. (2010) and Ros-
sato et al. (2010) reported that extinction itself, being
one form of learning, can be subjected to reconsolida-
tion in at least two different tasks in rats. Both groups
showed that the infusion of anisomycin into selected
brain structures right after the first extinction trial of
a series hindered extinction performance in subsequent
trials. Garcia de la Torre et al. (2010) studied condi-
tioned taste aversion and infused the protein synthesis
inhibitor into the insular cortex. Rossato et al. (2010)
studied inhibitory avoidance and infused the anisomycin
into the dorsal hippocampus. Each of these brain areas
is specifically involved both in the consolidation and
in the extinction of the respective behaviors. This sug-
gests the possibility of yet another form of improving
the extinction of fear memories indicates an important
behavioral property of extinction that had not been pre-
viously described (Rossato et al. 2010), and is in line
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with the procedures advocated by Monfils et al. (2009)
and Schiller et al. (2010) for the inhibition of the recall
of fear.

It must be borne in mind, however, that a recent
study has shown that, at least for the inhibitory avoid-
ance task, the array of brain structures involved in con-
solidation are not necessarily the same that is involved
in extinction (Myskiw et al. 2010), which is important
for understanding the physiology of both processes.

POSSIBLE AND IMPOSSIBLE MECHANISMS
OF EXTINCTION-RECONSOLIDATION INTERACTION

Some evidence suggests that the areas of the brain in-
volved in the consolidation and reconsolidation of sev-
eral memories may not be the same, which opens possi-
bilities for interactions among all these brain processes
mediated by a diversity of brain connections, and there
might be differences in the interactions between retrieval
with or without updating, for example; after a little or
a lot of extinction (Garcia de la Torre et al. 2010). In-
terestingly, both mRNA and ribosomal protein synthe-
sis in the hippocampus (Igaz et al. 2002, Rossato et al.
2007) and in the basolateral amygdala (Nader et al.
2000, Duvarci et al. 2008) are needed for consolidation
(Duvarci et al. 2008), extinction (Vianna et al. 2001)
and reconsolidation (Nader et al. 2000). Thus, the dif-
ferent behavioral outcomes of these processes must rely
on other parameters, most probably on the interactions
between these two structures and on their connections
with others.

Evidence indicates a role for the hippocampus
(Debiec et al. 2002, Ji and Maren 2007, Myskiw et al.
2010) and the basolateral amygdala (Nader et al. 2000,
Likhtik et al. 2008) in the generation of both extinction
(Myskiw et al. 2010, Likhtik et al. 2008) and reconsoli-
dation (Nader et al. 2000, Rossato et al. 2006, 2010).
In addition to these two brain structures, a wealth of
evidence points to a key role of the ventromedial pre-
frontal cortex in extinction (Milad and Quirk 2002,
Milad et al. 2007), but not in reconsolidation. In ex-
tinction in humans, this role is suggested by functional
magnetic resonance (fMRI) observations during extinc-
tion. Reconsolidation studies using fMRI have either
not been performed or are unreliable. The fMRI stud-
ies show an increased blood flow in the ventromedial



FEAR MEMORIES TREATED BY EXTINCTION 1369

prefrontal cortex together with an inhibition of the
basolateral amygdala and/or the hippocampus. In ani-
mals, the role of specific molecular mechanisms in
both structures has been rather widely explored in
recent years using localized intra-hippocampal and/or
intra-amygdala microinfusions of protein synthesis in-
hibitors and/or drugs known to either stimulate or inhibit
selected enzymes of signaling pathways (Bernabeu et
al. 1997, Barros et al. 2000, Myskiw et al. 2010) or
some neurotransmitter antagonists (Barros et al. 2001,
Krajehpour and Zarrindast 2009).

While the findings on human fMRI, on protein syn-
thesis inhibition or even on blockade of gene expression
are less punctiform than the findings on drugs acting on a
specific enzyme or receptors, some of them can be taken
to suggest at least brain areas and connections between
brain areas that are involved in extinction or reconsoli-
dation, and may be taken to suggest sequential relation-
ships between the two cognitive processes (Cammarota
et al. 2002, Bevilaqua et al. 2010). For example, in the
crab Chrysmagnatus possibly the same brain region con-
trols first the beginning of reconsolidation processes and
then, after a few seconds, that of extinction mechanisms
(Pérez-Cuesta et al. 2007). There is no indication that
anything of this sort may occur in mammals. Experi-
ments in rats suggest, instead, the initiation of extinction
directly at the time of retrieval using some of the mech-
anisms that underlie or are used in retrieval.

CONCLUSION

So, recent advances in the understanding of the interac-
tions among retrieval-dependent processes (labilization
of the trace, reconsolidation and extinction) have pro-
duced potentially useful additions to the time-honored
use of extinction (often under the name of exposure
therapy; Beckett 2002, Quirk et al. 2010, Bevilaqua et
al. 2010) in the treatment of fear memories. The term
“exposure” is used as a synonym or a disguise of the
old Pavlovian term, extinction (Pavlov 1956). Unfortu-
nately, it is usually impossible either to predict when
a traumatic event will actually happen or to carry the
drug along at all times in case one such event may hap-
pen. These logistic reasons have prevented the develop-
ment of any appropriate medication for the treatment
or prevention of PTSD and related syndromes. An al-

ternative, to be explored in the next few years appear to
be the use of some drugs as adjuncts to extinction ther-
apy. D-cycloserine is the most promising such drug so
far. Cannabinoids and corticoids may be second or third
choices at this stage.

RESUMO

A evocagdo labiliza os arquivos de memoria, ¢ isto permite
dois processos dependentes de sintese protéica no cérebro: a
extingdo, que inibe a evocagdo ulterior, e a reconsolidagdo,
que pode aumentar a evocagdo ou mudar seu conteudo. A
extingdo pode por sua vez sofrer reconsolidagdo. Interacdes
entre estes dois processos podem ser aplicados ao tratamento
das memorias de medo, tais como aquelas em que se baseia o

estresse pos-traumatico.

Palavras-chave: aprendizado de extingdo, memorias de
medo, memoria, transtorno de estresse pods-traumatico, re-

consolidagdo.
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