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Summary 

In the last decade a growing body of data revealed that the 

cerebellum is involved in the regulation of the affective reactions 

as well as in forming the association between sensory stimuli and 

their emotional values. In humans, cerebellar areas around the 

vermis are activated during mental recall of emotional personal 

episodes and during learning of a CS-US association. Lesions of 

the cerebellar vermis may affect retention of a fear memory 

without altering baseline motor/autonomic responses to the 

frightening stimuli in both human and animal models. Reversible 

inactivation of the vermis during the consolidation period impairs 

retention of fear memory in rodents. Recent findings 

demonstrate that long-term potentiation (LTP) of synapses in the 

cerebellar cortex occurs in relation to associative fear learning 

similar to previously reported data in the hippocampus and 

amygdala. Plastic changes affect both excitatory and inhibitory 

synapses. This concomitant potentiation allows the cerebellar 

cortical network to detect coincident inputs, presumably 

conveying sensorial stimuli, with better efficacy by keeping the 

time resolution of the system unchanged. Collectively, these data 

suggest that the vermis participates in forming new CS-US 

association and translate an emotional state elaborated 

elsewhere into autonomic and motor responses. 
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A brief history 
 
 Following a long period of time characterized by 
very speculative discussions on the functional role of 
cerebellum, it was only at the beginning of the 19th 
century that hypothesis were based on scientific 
experiments. Rolando (1809, 1823) performed cerebellar 
lesion and described impaired motor, but not sensory or 
intellectual functions. Immediately after the publication 
of the French translation of the paper by Rolando (1823), 
Flourens (1824) noticed that ‘all movements persist 
following ablation of the cerebellum: all that is missing is 
that they are not regular and coordinated’. This concept 
was supported by a series of experiments performed later. 
Towards the end of the century Luciani (1891) described 
the three basic symptoms of cerebellar lesion: asthenia, 
atonia and astasia while Holmes (1917) provided a 
detailed picture of human pathology. A complete 
collection of data on this early phase of cerebellar 
physiology and pathology can be found in the classical 
book by Dow and Moruzzi (1958). In the 1960s John 
Eccles, Masao Ito and Janos Szentágothai and their 
collaborators (Eccles et al. 1967a) provided a full picture 
of the cerebellar cortex wiring and identified the 
excitatory and the inhibitory nature of each cell type.  
 A new period in the study of the cerebellar 
function started with a seminal paper by Marr (1969). By 
theoretical speculation he provided an original theory 
proposing that the cerebellar cortex has the task of 
learning motor skills for movement and posture (see 
below) (Strata 2009). Since then, there has been a flurry 
of papers testing different mechanisms of learning and 
memory processes in the cerebellum by using several 
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other approaches at molecular, cellular and behavioral 
level (see Ito 2001). 
 More recently, several papers addressed the 
issue of the cerebellar participation to emotional 
processes. The results have been obtained by means of 
new cellular technologies, of brain imaging and by 
studying behaviorally induced changes in the brain 
(Sacchetti et al. 2005, 2009, Strick et al. 2009, 
Schmahmann et al. 2009). For a more detailed history on 
cerebellar functions see Glickstein et al. (2009). 
 
Cerebellum and emotions 
 
 Emotion is an affective state involving a high 
level of activation of evolutionary adaptive responses that 
allow people and animals to deal adequately with a broad 
range of situations with very limited conscious reasoning. 
A link between cerebellum and emotions could be 
envisaged already by the experiments performed by 
Moruzzi in the thirties (Moruzzi 1938, see Dow and 
Moruzzi 1958). He showed that stimulation of the 
cerebellar vermis, but not of the hemispheres, interferes 
with autonomic reactions, by limiting blood pressure 
oscillations and induced hyperventilation. In addition, the 
same stimulation affects the ‘sham rage’ which occurs 
spontaneously in acute thalamic cats and which is 
characterized by outbursts of mass activity resembling an 
infuriated animal. Following vermal stimulation the 
autonomic responses consisting in increased blood 
pressure, mydriasis and retraction of the lid were clearly 
inhibited. Therefore, Moruzzi (1938) suggested that the 
cerebellum acts on an ensemble of behavioral responses 
that belong to a complex autonomic reaction. The 
demonstration of anatomical connections between the 
fastigial nucleus and the hypothalamus (Snider 1950) 
suggested that the vermal area of the cerebellum is 
involved in emotional manifestation (see Sacchetti et al. 
2005). 
 An increasing amount of evidence has confirmed 
that the cerebellum is indeed involved in emotional 
behavior and particularly in fear-related processes. 
Vermal lesions decrease the reactivity of animals to 
fearful stimuli and attenuate a variety of reactions related 
to fear such as the freezing response of a rat in the 
presence of a cat, fear behavior in an open field and 
neophobic reactions (Snider and Maiti 1976, Bernston 
and Torello 1982, Supple et al. 1987).  
 Furthermore the cerebellar cognitive affective 
syndrome, that occurs when lesions involve the vermis 

and fastigial nucleus, implies, in adult and children, a 
dysregulation of affect (Schmahmann and Sherman 
1998). A cerebellar role in the modulation of aggression 
and mood appears in children with the posterior fossa 
syndrome following surgery involving the vermis, and 
during clinical and experimental neurosurgical 
manipulation.  
 Following the great amount of observations 
supporting the role of the cerebellum in emotional 
processes the hypothesis of the “limbic cerebellum” 
(vermis and fastigial nucleus) as part of the Papez circuit 
has been formulated (Bernston and Torello 1982). 
 
Learning-related synaptic plasticity in the 
cerebellum 
 
 The search for neural substrates of learning and 
memory in model systems has identified a number of 
sites in the mammalian brain. Long-term potentiation 
(LTP) has received a great amount of attention in the last 
30 years since it was first described by Bliss and Lømo 
(1973). This interest has been fueled to a large degree by 
the widely held hypothesis that learning and memory is 
mediated by changes in the strength of synapses in neural 
circuits. According to this hypothesis, neural activity 
during learning gives rise to long-term changes in 
synaptic strength, which allow memories to be stored and 
later retrieved. 
 The large number of parallel fibers that connect 
to a single Purkinje cell and the one-to-one relationship 
between a climbing fiber terminal arbor and a single 
Purkinje cell have suggested to Marr (1969) a simple 
model of feed-forward neural network which constitutes 
the basis for a learning machine. The signals conveyed to 
the cortex by the high number of granule cells through 
their parallel fibers (in the human cerebellum the number 
of granule cells is 1011), could be reinforced by a long-
lasting increase of the synaptic efficacy on the Purkinje 
cell induced by the concomitant discharge of the climbing 
fiber. Subsequently Albus (1971) modified Marr’s theory 
proposing that the synchronous activation of these two 
inputs could lead to a long-term depression (LTD) of the 
parallel fiber synapses, thus reducing the inhibition on the 
nuclei. In the early 70’s Ito (see Ito 1984) provided 
experimental evidence in favor of these hypotheses 
showing the presence of LTD in the parallel fiber 
synapses following paired stimulation of the parallel and 
climbing fiber inputs to the Purkinje cell. Later 
Thompson and Yeo (Thompson 1990, Attwell et al. 
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2002) applied this idea to the classic Pavlovian 
conditioning. As previously mentioned, in the eye blink 
conditioning an unconditioned stimulus (US), consisting 
in a puff of air to the cornea, is conveyed to the Purkinje 
cell via the climbing fibers, whereas the mossy fibers 
relay the conditioned stimulus (CS), usually a sound. The 
association of the two stimuli induces an LTD in the 
parallel fiber synapses, lowers the Purkinje cell activity 
and, by a mechanism of disinhibition, allows the 
conditioned signal to be carried to the cerebellar nuclei by 
the collaterals of the mossy fiber pathway, thus eliciting 
an eye blink conditioned reflex (Fig. 1). 
 In the other form of cerebellar motor learning, 
the VOR, the change of the head angle due to head 
movement rotation must be compensated by an opposite, 
but corresponding change in the angle of the eye 
movement (gain of the VOR). Learning associated with 
the adaptation of the gain of the VOR to produce more 
accurate eye movements requires the cerebellar cortex. 
The mossy fiber input is believed to encode the motor 
command, and the climbing fiber input encodes error 
signals from the retina. Memory for this adaptation is 
thought to be encoded as LTD in the Purkinje cell by 
coincident stimulation of parallel fiber and climbing fiber 
inputs (Ito 1984, 2001). 
 A common feature in both forms of learning is 
the activation of the climbing fiber which causes a 
complex spike leading to an increase in the intracellular 
calcium. IP3-mediated mobilization of Ca2+ from 
intracellular stores is essential for LTD in cerebellar 
slices (Miyata et al. 2000). At the same time glutamate 
binding to AMPA receptors and to mGluR1s causes 
phospholipase C/diacylglycerol activation of PKC, which 
phosphorylates the AMPA receptor GluR2 subunit thus 
triggering endocytosis of the receptors (Matsuda et al. 
1999). The targeted expression of a PKC inhibitory 
peptide in Purkinje cells blocks both in vitro LTD and 
VOR adaptation (De Zeeuw et al. 1998, Goossens et al. 
2001). Also the presence of intact receptors at the parallel 
fiber-Purkinje cell synapse like mGluR1 and the GluR-
delta2 subunit seems to be essential for LTD induction 
and motor learning. In mutant mice deficient of either 
mGluR1 or GluRdelta2 both in vitro LTD and motor 
performances and learning are disrupted (Conquet et al. 
1994, Hirano et al. 1995, Funabiki et al. 1995). 
 Since then a growing body of data described in 
detail the molecular cascades and receptors implicated in 
these forms of plasticity and several studies demonstrated 
that the same molecules and cascades are also involved in 

the regulation of motor behavior and learning providing a 
link between cellular processes and behavior. 
 
Recent findings on cerebellar synaptic 
plasticity related to fear learning 
 
 The use of well-controlled behavioral 
paradigms, such as classical conditioning, has permitted 
to relate learning and memory to synaptic plasticity in 
specific brain areas (Thompson 1986, Schreurs and 
Alkon 1993). In this context, fear conditioning represents 
a powerful and very effective tool since fear is a basic 
evolutionarily conserved emotion related to survival. In 
this form of associative learning, namely fear 
conditioning, an animal learns to relate a neutral stimulus 
(the conditioned stimulus) with a dangerous one (the 
unconditioned stimulus) (LeDoux 1994). 
 Considerable progress in mapping the neural 
circuitry underlying fear conditioning contributed to 
disclose the synaptic and molecular mechanisms related 
to the formation and storage of fear memories. In general, 
the focus of these studies has been to examine the 
possible relation between fear conditioning and synaptic 
plasticity in the amygdala and hippocampus and to 
describe the properties of synaptic plasticity in these 
brain structures (Maren 2001).  
 Earlier studies indicate that both hippocampal 

 
 
Fig. 1. Cerebellar circuit involved in the eye blink conditioning. In 
this kind of classical conditioning the US (a puff of air) is carried 
by the climbing fibers (CFs) originating from the inferior olive 
(IO) neurons, while the mossy fibers relay the CS (a sound). The 
association of the two stimuli induces an LTD at the parallel fiber 
(PF) synapses onto the Purkinje cell (PC). CB: cerebellar cortex, 
GC: granule cell, CN: cerebellar nuclei. 
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and amygdaloid NMDA receptors are involved in the 
acquisition of Pavlovian fear conditioning in rats 
(Fanselow et al. 1994, Maren 1996). Moreover, several 
studies have directly assessed amygdaloid synaptic 
transmission during, or shortly after, fear conditioning 
(Clugnet and LeDoux 1990). These studies suggest that 
hippocampal LTP is involved in encoding contextual 
representations whereas amygdaloid LTP is involved in 
the formation of CS-US associations (Kim and Fanselow 
1992, LeDoux 2000). 
 The involvement of the cerebellum in emotional 
behavior has raised the question of whether this structure 
is also a site for plasticity related to learning and memory 
of emotional processes. A useful technique to investigate 
this issue is the use of reversible inactivation induced by 
several drugs like tetrodotoxin (TTX) and lidocaine 
which block fast voltage gated sodium channels and the 
use of selective receptors agonists/antagonists. These 
substances can be administered in specific brain 
structures at different phases of the memory formation 
and the role of each structure can be assessed through 
behavioral tests in these conditions (Ivanova and Bures 
1990, Bast et al. 2001). 
 Brief and reversible inactivation of the cerebellar 
vermis with TTX administered at different time intervals 
after the acquisition of associative fear impaired both the 
contextual and the CS freezing response during the 
retrieval phase. In each experiment the retrieval was 
performed long after the effect of the TTX had passed so 
the observed amnesic effects were due only to disruption 
of memory consolidation (Sacchetti et al. 2002). These 
data strongly support the important role of the vermis in 
the formation of emotional memory. 
 Recent works have investigated in detail the 
neural mechanisms of cerebellar involvement in fear 
learning. Synaptic plasticity in the cerebellar cortex 
associated with fear learning has been studied in our 
laboratory (Sacchetti et al. 2004). Excitatory postsynaptic 
currents evoked in the Purkinje cell following the 
activation of parallel and climbing fibers were evaluated 
on cerebellar slices 10 minutes and 24 hours after the 
acquisition session in conditioned and in two groups of 
control animals; unpaired animals, which received the CS 
and US in a temporally uncorrelated manner, and naïve 
animals, which were left in their home cage. In 
conditioned animals trained with paired CS and US the 
parallel fiber-mediated postsynaptic current was 
significantly larger relative to the other two groups at 
10 and 24 hours after the acquisition session (Sacchetti et 

al. 2004). These results provide evidence for a 
behaviorally induced long-term synaptic plasticity in the 
cerebellar cortex. The synaptic changes that we observed 
were restricted to vermal lobules V and VI where 
acoustic and nociceptive stimuli converge (Snider and 
Stowell 1944, Saab and Willis 2003). Although this form 
of plasticity could reflect the facilitation of storage by 
other mechanisms or at a different location, we suggest 
that this synaptic change may be part of the neural 
substrate of fear memory in the cerebellum. 
 At variance with cerebellar LTD encoding motor 
memory of the eye blink reflex and VOR, the plastic 
change that we observed consisted of a long-lasting 
potentiation of the synapse between parallel fibers and 
Purkinje cell. This phenomenon was never reported 
before in the cerebellar cortex in vivo although in vitro 
experiments have shown that a similar form of 
postsynaptic LTP is induced in the cerebellar cortex by 
repetitive activation of the parallel fibers (Lev-Ram et al. 
2002). Experiments performed by our group have shown 
that this in vitro LTP is occluded in cerebellar slices from 
conditioned animals suggesting that the in vivo 
potentiation induced by the associative learning shares 
common features with the latter one (Zhu et al. 2007). 
Therefore it is possible that the LTP related to fear 
learning is the result of conjunctive activation of two 
separate parallel fibers channels conveying CS and US 
stimuli (Fig. 2). In this respect it has to be underlined that 

 
 
Fig. 2. Hypothetical cerebellar circuit involved in fear 
conditioning. The two sensorial stimuli constituted by the CS and 
US are conveyed by two separate parallel fiber (PF) channels. In 
our hypothesis repetitive and conjunctive activation of the two 
beams during acquisition of fear responses induces an LTP at the 
involved parallel fiber synapses. CB: cerebellar cortex, GC: 
granule cell, IO: inferior olive, CN: cerebellar nuclei, CF: climbing 
fiber. 
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parallel fibers are known to carry, together with acoustic 
inputs, also nociceptive information (Saab and Willis 
2003).  
 The functional characteristics of a neuron are the 
outcome of a complex interaction between synaptic 
strength and intrinsic membrane properties. Several 
evidences indicate that memory processes also involve 
activity-dependent changes in the intrinsic excitability of 
neurons (Marder et al. 1996, Thompson et al. 1996, Saar 
and Barkai 2003, Cudmore and Turrigiano 2004). 
Laboratory studies have shown that associative learning 
paradigms, such as the conditioning of the nictitating 
membrane response, can affect simple spike activity of 
Purkinje cells from cerebellar lobule VI (Berthier and 
Moore 1986, Gould and Steinmetz 1996, Thompson 
1990) and is related to a significant increase of intrinsic 
excitability of Purkinje cell dendrites (Schreurs et al. 
1997, 1998). This intrinsic plasticity may represent an 
additional storage mechanism for memory. Therefore we 
evaluated the Purkinje cell passive and active membrane 
properties and their possible change in relation to 
associative fear learning by means of whole cell current-
clamp recordings. The experimental conditions were the 
same as for the study of Sacchetti et al. (2004). Several 
parameters related to passive and intrinsic excitability 
properties of the membrane were measured: input 
resistance, inward rectification, maximal firing 
frequency, the first inter-spike interval, post-burst after-
hyperpolarization and action potential threshold and 
amplitude. Although the freezing response during the 
retrieval sessions was present only in the group of 
conditioned animals none of the evaluated parameters 
was significantly different between the three studied 
groups also in those cells where parallel fiber-Purkinje 
cell synapse was potentiated (Zhu et al. 2006). This result 
shows that fear learning does not affect the intrinsic 
membrane properties involved in Purkinje cell firing. 
Therefore, at the level of Purkinje cell, the plastic change 
associated with fear conditioning is specifically restricted 
to synaptic efficacy. 
 Most studies on learning-related long-term 
synaptic changes have focused on identifying the 
mechanisms of synaptic plasticity at excitatory synapses 
(Levy and Steward 1979, Carew et al. 1981, Schreurs and 
Alkon 1993). However if one considers the widespread 
distribution of inhibitory synapses and receptors for 
inhibitory transmitters, GABA and glycine, throughout 
the central nervous system it is reasonable to assume that 
inhibition contributes to learning and memory processes 

as well as excitation. 
 The role of inhibitory circuits in the control and 
expression of fear responses has been recognized and 
investigated in the last few years. It is already known that 
fear conditioning involves the induction of LTP of 
excitatory synaptic transmission in the lateral amygdala, 
which is tightly controlled by GABAergic inhibition (Li 
et al. 1996, Lang and Parè 1997). Moreover long-term 
synaptic changes of the inhibitory synapses have been 
reported to mediate auditory conditioning of goldfish 
escape behavior (Oda et al. 1998) and impairment in 
GABAergic transmission due to deletion of the delta 
subunit of the GABAA receptor leads to enhancement of 
hippocampus-dependent trace fear conditioning (Wiltgen 
et al. 2005). These evidences strongly point towards a 
crucial role of the inhibitory network in the establishment 
of emotional memory. 
 Cerebellar Purkinje cells exhibit sustained 
spontaneous inhibitory activity due to the massive 
GABAergic innervation from basket and stellate cells in 
the molecular layer and from neighboring Purkinje cells 
via their collaterals (Eccles et al. 1967b). In spite of the 
considerable amount of data suggesting a crucial role of 
inhibition in learning and memory only a few studies so 
far have been directed to clarify a possible relation 
between these processes and plastic changes of inhibitory 
synapses. 
 Very recently we investigated the possibility that 
also inhibitory synapses in the cerebellar cortex can be 
modified in relation to fear learning. Whole-cell patch-
clamp recordings of spontaneous and miniature 
GABAergic events onto the Purkinje cell showed that the 
frequency but not the amplitude of these events is 
significantly greater up to 24 hours after the conditioning 
session (Scelfo et al. 2008) implying a presynaptic form 
of inhibitory LTP. 
 The fact that fear learning is accompanied by an 
LTP of both the excitatory and inhibitory inputs to 
Purkinje cells raised the question of the possible 
significance of this concomitant potentiation. Neuronal 
information processing requires specific levels of 
excitatory and inhibitory signaling. In several brain 
structures it has been shown that precisely timed signal 
processing depends on direct monosynaptic excitation 
and underlying disynaptic inhibition (feed-forward 
inhibition, FFI) (Pouille and Scanziani 2001, Mittmann et 
al. 2005, Blitz and Regehr 2005). All theories of timing 
concerning the cerebellum require that the output of the 
cerebellar cortex, encoded in the axons of Purkinje cells, 
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is precisely tuned in response to sensory stimulation. This 
is achieved through effective integration of correlated 
activity onto the Purkinje cell, which, to this aim, must be 
endowed with the ability to act as coincidence detector. 
A work perfomed in vitro demonstrated that in the 
cerebellar cortical network the precision of time spiking 
in Purkinje cells is strongly regulated by GABAergic 
synapses through FFI (see Fig. 3) and that effective 
summation for spike generation of multiple asynchronous 
parallel fiber inputs can occur within a time window of 
only a few milliseconds (Mittmann et al. 2005). 
 In the fear conditioning paradigm, we found that 
both excitatory and inhibitory synapses onto the Purkinje 
cells are changed after fear learning. Therefore we 
explored the possibility that fear related long term plastic 
changes at synaptic level may affect this time window 
and thus influence the output of the whole neuronal 
network. Through patch-clamp recordings on coronal 
slices we evaluated the probability for Purkinje cell spike 
generation as a function of the delay in the activation of 
two independent parallel fiber beams. We found that, 
following fear learning, Purkinje cells are able to 
integrate excitatory inputs with higher probability within 
short delays (up to 4 ms, see Fig. 3), but the width of the 
whole window is unchanged. These results show that 
excitatory LTP ensures a more effective detection while 

inhibitory potentiation serves to maintain the coincidence 
detection unchanged ensuring that the temporal fidelity of 
the network is maintained (Scelfo et al. 2008). 
 
Concluding remarks 
 
 Our recent findings on cerebellar plasticity 
related to fear learning strongly support the view that the 
cerebellum is not only a site associated with emotional 
behavior and memory, but it is actively involved in these 
processes.  
 Further insights into the role of cerebellum in 
emotion and cognition come from recent in vivo studies 
in human subjects. Neuroimaging reveals a pattern of 
cerebellar activation in which pain response and learning 
activate different cerebellar regions (Ploghaus et al. 1999, 
2000, 2003). Painful heat activates the anterior 
cerebellum around the vermis while a sensory cue that 
anticipates the painful stimulation leads to activation of 
posterior cerebellar vermis (Ploghaus et al. 1999, 2000). 
Therefore, nearby but separate regions are engaged 
during fear experience and associative learning, i.e. some 
regions of the human cerebellum are activated by 
associative processes independent of the direct regulation 
of motor/autonomic processes. A similar conclusion 
comes from another study in which fear conditioning 

 
 
Fig. 3. Effect of the integration of the learning related excitatory and inhibitory LTP in the cerebellar cortex. A) Schematic of the 
cerebellar circuit of feed-forward inhibition. Activation of a beam of parallel fibers is rapidly followed by synaptic inhibition. A Purkinje
cell (PC) may be both directly excited and then inhibited with disynaptic delay via molecular layer (ML) interneurons activated by the 
same set of active parallel fibers. B) The significance of the simultaneous potentiation of both the inhibitory and excitatory synapses on
Purkinje cells was assessed through the probability distribution (mean ± SEM) of spike generation as a function of parallel fibers 
stimulation delay. The filled squares represent the spike probability of conditioned animals while empty squares refer to the same
probability for naïve animals. * P<0.05. The experiment was performed in artificial cerebrospinal fluid (ACSF) allowing both excitatory 
and inhibitory synapses to be activated (from Scelfo et al. 2008. Copyright 2008, National Academy of Sciences, USA). 
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activated the cerebellum (Fisher et al. 2000).  
 Damasio et al. (2000) reported a marked 
activation of midline cerebellum during mental recall of 
emotional personal episodes. The authors used functional 
imaging to compare brain regions activated by the recall 
of a neutral and an emotionally charged personal episode. 
They concluded that “although the cerebellum was not 
included in the hypothesis, we believe that the 
evolutionarily older components of the cerebellum 
probably are involved in the coordination of emotional 
responses and in the learned adjustment of those 
responses in a social setting”. More recently, Singer et al. 
(2004) used functional imaging to assess brain activity 
while healthy subjects experienced a painful stimulus and 
when they observed their loved partner receiving a 
similar pain stimulus. Among other structures, anterior 
cerebellum around the vermis was activated in subjects 
receiving the painful stimulation while posterior 
cerebellar vermis was activated in the same subjects 
when observing pain of others. These results suggest that 
cerebellum is also involved in the empathic experience 
related to pain.  
 Imaging studies are correlational in nature, so 
they cannot establish whether a structure is necessary for 
emotional learning. The role of the cerebellum is better 
assessed by study of the effects of cerebellar damage. 

Conditioned bradycardia caused by pairing a tone with a 
painful stimulation is impaired in patients with medial 
cerebellar lesions (Maschke et al. 2002). Cerebellar 
stroke does not affect basal autonomic/motor responses to 
CS and US, in agreement with a similar result obtained in 
animals with vermal lesions (Supple and Leaton 1990). 
Similarly, cerebellar stroke does not significantly affect 
baseline emotional responses in humans (Turner et al. 
2006).  
 In conclusion, while the role of the cerebellum in 
motor coordination is widely accepted, the notion that it 
is involved in emotional experience has only recently 
gained interest. The cerebellum as a site of plasticity 
implicated in this kind of memories confers to this 
structure an important role in the complex neural network 
underlying emotional behavior. 
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