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Urbach–Wiethe syndrome
(Or lipoid proteinosis). A rare, 
hereditary, congenital disorder 
characterized by systemic 
deposits of hyaline material 
that are prominent in the skin, 
oral mucosa and pharynx. 
About 50% of all cases have 
additional intracranial deposits 
in the MTL, which occasionally 
target the amygdala selectively.

Since the seminal findings of Kleinsmith and Kaplan6, 
behavioural studies in healthy adults have shown that emo-
tional advantages in memory are sometimes augmented 
over time. For example, retention advantages for emotion-
ally arousing words relative to neutral words are greater 
when memory is tested after long (1 h to 1 day) than after 
short (immediate) delay intervals7,8. Such observations 
provide evidence that emotional arousal benefits memory 
in part by facilitating consolidation processes, which take 
time to emerge. Temporal lobectomy patients do not 
show enhanced arousal-mediated memory cons olidation 
but instead show parallel forgetting rates for arousing 
and neutral words from immediate to 1-h retention 
intervals7,9. However, the exact time course of consolidation 
is subject to considerable debate, and stabilization of 
memory traces is a protracted process that could last from 
months to years. Urbach–Wiethe syndrome patients also 
show impairments in long-term (1 h to 1 month) recall or 
recognition of emotional words, pictures and stories10–12 
(FIG. 2). Although these results have also been interpreted 
to reflect deficits in emotion-enhanced consolidation 
processes, we note that short-term memory for these 
items has not been tested.

Emotional arousal has complementary, immediate 
effects during encoding that are time invariant and are 
interpreted to reflect attentional influences on memory3. 
One additional consequence of emotional arousal is 
the focusing of attention on central gist information at the 

expense of peripheral details for complex events such as 
emotional narratives or social encounters, as exemplified 
by ‘weapon focus’ in eyewitness testimony research. 
Attentional focusing ensures that emotionally salient 
features of complex events are preferentially retained 
in memory, which confers evolutionary advantages. 
Patients with amygdala lesions do not focus on central 
gist information when memory is tested for audiovisual 
narratives that describe emotionally arousing events13. 
The gist memory effects are evident when the patients 
generate intact skin conductance responses (SCRs) and 
arousal/valence ratings to the stimuli, which implicates 
impairments in emotion–cognition interactions rather 
than a more basic problem with emotional evaluation.

In contrast to the above findings, certain aspects of 
emotional memory are preserved following amygdala 
damage. Patients with amygdala lesions do preferen-
tially remember words that are affectively valent but 
low in arousal relative to neutral ones, as well as neutral 
words encoded in emotional sentence contexts relative 
to neutral contexts9,14. In such cases, it is poss ible that 
the patients access other cognitive resources that boost 
retention, including semantic cohesion15 and organiz-
ational strategies, which are probably mediated by 
direct interactions between the MTL and the prefrontal 
cortex (PFC). Some emotional benefits in memory are 
therefore possible without a fully functioning amygdala, 
especially when damage occurs later in life16, and relate in 
part to recruitment of cognitive processes by emotional 
valence. These findings extend the results from research 
in rodents to suggest that arousal rather than valence 
is the crucial factor in engaging the amygdala during 
emotional memory tasks17.

Neurohormonal memory modulation. A limitation 
of most patient studies is that impaired performance 
observed at a single time point could reflect deficits in 
any one of four memory stages: encoding, consolidation, 
storage or retrieval. Psychopharmacological studies in 
healthy adults can provide somewhat greater specificity 
regarding which phase of memory is affected by emotion. 
However, the prolonged time course of neurohormonal 
actions must be considered, as stress hormones can have 
different effects on each stage of memory.

As shown in rodents by McGaugh and colleagues18,19, 
adrenal stress hormones modulate performance on 
various learning and memory tasks. Emotional situ-
ations initiate complex interactions between adrenergic 
and gluco corticoid systems that are coordinated by the 
hypothalamic–pituitary–adrenal axis at central and 
peripheral sites of action. Adrenaline release in the periph-
ery stimulates vagal afferents that terminate in the nucleus 
of the solitary tract, which, in turn, projects to the amyg-
dala and other memory-related forebrain regions. Post-
training infusion of β-adrenergic receptor antagonists into 
the basolateral amygdala blocks the memory-enhancing 
effects of adrenaline, and infusion of β-adrenergic receptor 
agonists facilitates memory consolidation20,21. Within 
the basolateral amygdala and hippocampus, noradrena-
line enhances glutamatergic synaptic plasticity, which is 
thought to underlie learning and memory functions22,23.

Figure 1 | Potential mechanisms by which the amygdala mediates the influence of 
emotional arousal on memory. In addition to emotional learning that takes place 
intrinsically in the amygdala, direct and indirect neural projections target several 
memory systems in the brain, including those that subserve working memory, declarative 
memory and various non-declarative forms of memory (for example, procedural learning, 
priming and reflexive conditioning). Complex conditioning refers to various higher-order 
conditioning procedures that are hippocampal dependent, including trace conditioning 
and conditional discrimination learning. The amygdala also triggers the release of stress 
hormones by way of the hypothalamic–pituitary–adrenal (HPA) axis, which feed back 
onto memory consolidation and storage sites as well as the amygdala itself to enhance 
memory over longer time intervals. Solid arrows indicate direct connections, dashed 
arrows indicate indirect connections. Blue labels indicate connections with subcortical 
structures. MTL, medial temporal lobe; PFC, prefrontal cortex.
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L’emotivita’ puo’ modificare la formazione della memoria



Ruolo dell'amigdala nella codifica 
emotiva 

● Paradigma di masking visivo → attivazione 
dell'amigdala per stimoli emotivi non visti. 

● Presentazione di stimoli emotivi senza porvi l'attenzione 
→ attivazione dell'amigdala per stimoli non codificati.

● Soggetti cecità in un emicampo o ciechi → attivazione 
dell'amigdala per stimoli emotivi non percepibili.

Via sottocorticale reticolo-collicolo-pulvinar



EMOZIONI E MEMORIA

•Stimolazione elettrica  e alcune sostanze 
(Ach, ADH, oppiacei, GABA, adrenalina) 
sono in grado di modulare la memoria

•Adrenalina influisce sulla memoria agendo 
sull’amigdala

•Stimolazione elettrica di amigdala 
influenza la memoria

=> Amigdala come integratore di 
modulazioni elettriche e neurochimiche 
che poi proietta ad aree coinvolte nella 
ritenzione mnemonica



Emozione, Memoria e Apprendimento

● Condizionamento classico alla paura 

→ lesioni all'amigdala non permettono il 
condizionamento

● Soggetti con amnesia

→ deficit di memoria episodica ma non di memorie 
emotive



Amigdala e Memoria

● Maggiore attivazione dell'amigdala durante la 
presentazione di stimoli emotivi è predittiva della loro  
successiva memoria → pazienti con lesioni non hanno 
vantaggi nel ricordare stimoli o eventi emotivi.

● La somministrazione di propanolo causa gli stessi effetti 
riscontrati nei soggetti con danni all'amigdala. 



Compito: ricordo di eventi neutri ed altri 
carichi emotivamente 
2 gruppi: gruppo placebo e gruppo 
sperimentale (con iniezione di 
propanolo=> antagonista dei recettori 
alfa-adrenergici)
Risultati: Gruppo di controllo (e non 
sperimentale) ricorda meglio parti del 
racconto con valenza emotiva.

IPOTESI=> PROPANOLO BLOCCA 
MIGLIORAMENTO DELLA 
FORMAZIONE TRACCE MNESTICHE

L’emotivita’ puo’ modificare la formazione della memoria
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Figure 2 | ββ-Adrenergic receptor blockade in healthy 
adults during encoding produces similar deficits to 
amygdala damage on a test of emotional memory. 
Participants view a slide show and hear an accompanying 
narrative. The middle portion of the story describes a car 
accident, whereas the beginning and end portions of the 
story are emotionally neutral in content. Healthy adults 
given a placebo 1 h before the story remember the 
emotionally arousing portion of the story better than the 
neutral portions 1 week later. Propranolol administration 
during encoding abolishes this retention advantage in 
healthy adults. Two patients with selective amygdala 
damage (SM and BP, data averaged) also lack the retention 
advantage for the emotionally arousing portion of the 
story. Modified, with permission, from REF. 12 © (1997) 
Cold Spring Harbour Laboratory Press and REF. 31 © (1994) 
Macmillan Magazines Ltd.

Dm effect
An index of brain activity at 
encoding that distinguishes 
subsequently remembered 
from subsequently forgotten 
items and is assumed to reflect 
successful encoding processes.

combined with adrenergic influences, contributes to 
enhanced memory consolidation. In contrast to acute 
effects, chronic elevations in basal cortisol levels in older 
high-stress individuals54 or altered stress reactivity in 
some neuropsychiatric disorders, such as depression55 
and post-traumatic stress disorder (BOX 1), can lead to 
reductions in hippocampal volume and concomitant 
declarative memory deficits, even for non-emotional 
material. Cortisol-induced impairments in declarative 
memory retrieval have been linked to reductions in MTL 
activity56. However, as mentioned above with respect to 
working memory, stress hormone systems project to a 
diffuse set of brain areas (including the PFC, cerebellum, 
hypothalamus and hippocampus), each of which are sub-
ject to modulation by the amygdala for different memory 
operations with potentially distinct consequences (FIG. 1).

Imaging emotional memory encoding. Brain imaging 
using positron emission tomography (PET) and func-
tional MRI (fMRI) can also distinguish the impact of 
emotion at different stages of episodic memory, but with 
far superior specificity of the underlying neuroanatomy 
than hormonal manipulations. Moreover, these studies 
have the potential to reveal functional interactions among 
distributed brain regions to test the memory-modulation 
hypo thesis and to implicate involvement of additional 
areas. Most functional imaging studies on this topic 
have investigated encoding processes57–67. Consistent 
with the memory-modulation hypothesis, activity 

in the amygdala and MTL memory regions during 
the encoding of emotional stimuli is correlated with 
individual differences in later memory for these stimuli. 
PET studies initially established that the amount of amyg-
dala activation during encoding positively correlates 
with delayed recall accuracy for aversive but not neutral 
film clips57, as well as delayed recognition accuracy for 
emotionally arousing pictures that are both positive and 
negative in valence59. In addition, there is a sex difference 
in the hemispheric distribution of encoding-related amyg-
dala activity, with men showing right-lateralized effects 
and women showing left-lateralized effects61. The sexu-
ally dimorphic lateralization pattern is more prominent 
when considering the relationship between amygdala 
activity and memory, and is found less often as an effect 
of emotion on perceptual processing. Reasons for the 
sex difference in emotional memory remain unclear and 
constitute an active area of current research.

Event-related fMRI experiments have replicated the 
correlation between amygdala activity at encoding and 
delayed retention accuracy for emotional pictures, as well 
as the dependency of this relationship on self-reported 
arousal levels and lateralization by sex60,62,63. Confirmation 
by this technique is important because the temporal reso-
lution of PET and fMRI when using blocked designs does 
not permit researchers to distinguish transient emotional 
effects from sustained mood influences, and individual 
items cannot be analysed according to emotion ratings 
or memory performance (for example, retrieval success or 
failure) obtained from each participant. Furthermore, 
event-related designs allow the use of the subsequent 
memory paradigm, which can distinguish activity asso-
ciated with stimulus processing and task demands to 
reveal neural signatures that specifically reflect success-
ful encoding operations. This paradigm isolates the 
Dm effect by contrasting study-phase activity for items 
that are remembered versus those that are forgotten in 
a subsequent memory test68. The enhancing influence 
of emotion on successful encoding activity can then be 
investigated by comparing the Dm effect for emotional 
versus neutral stimuli.

For example, an event-related potential (ERP) study 
showed that the Dm effect for emotional stimuli occurred 
faster (400–600 ms) than the Dm effect for neutral stimuli 
(600–800 ms), suggesting that emotional stimuli have 
privil eged access to processing resources69. Consistent 
with the memory-modulation hypothesis, fMRI studies 
have shown that emotion enhances the Dm effect in both 
the amygdala and MTL memory regions60,62,64,65,70 (FIG. 3). 
In addition, the Dm effect for emotional and neutral 
items differs in localization within the MTL, with the former 
being mediated in anterior parahippocampal regions 
and the latter in posterior parahippocampal regions64. 
This functional localization is consistent with anato mical 
evidence for greater reciprocity between the amygdala 
and anterior sectors of the parahippo campal gyrus71,72. 
Although MTL structures have been emphasized 
in support of the memory-modulation hypothesis, we 
note that the PFC also contributes to emotional Dm 
effects, with regionally specific modulation by both 
arousal and valence65,67,73 (FIG. 3).
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Post-traumatic stress disorder (PTSD) emerges after exposure to a 
traumatic stressor that elicits fear, horror or helplessness and involves 
bodily injury or threat of injury or death to one’s self or another person.
In the United States a lifetime prevalence of trauma exposure at 50%, 
but only 5% of men and 10% of women will develop PTSD. 
Prevalence rates are higher in at-risk populations, such as war veterans.
Diagnostic symptoms include persistent re-experiencing of the 
traumatic event, avoidance of reminders, numbing of responsiveness and 
heightened arousal. 
Neurobiological models of PTSD have focused on brain regions and 
stress hormone systems that are involved in fear, arousal and emotional 
memory. 
Cortisol dysregulation and abnormal responses to adrenergic modulators 
implicate disturbances in the HPA axis and its interactions with brain 
regions that control arousal

L’emotivita’ puo’ modificare la formazione della memoria PTSD



.Chronic stress in PTSD contributes to smaller hippocampal volume and 
declarative memory deficits.
Symptom provocation studies show blood flow changes in cortico-limbic 
circuitry involved in emotional memory, including the amygdala, anterior 
cingulate and orbitofrontal cortex
Patients with PTSD have exaggerated startle responses to loud sounds 

and show greater contextual and cued fear conditioning.
Given that administration of the β-adrenergic receptor antagonist 

propranolol selectively reduces memory consolidation for emotionally 
arousing material, beta-blockers are currently being evaluated as 
potential agents for secondary prevention of PTSD. 
However, the ethics of this approach, as well as its empirical and 
theoretical basis, is still the subject of some debate.

L’emotivita’ puo’ modificare la formazione della memoria PTSD



Emozioni e Feelings

● Feelings sono gli stati di sensazione soggettiva.

● Feelings sono le rappresentazioni mentali dei 
cambiamenti psicologici dovuti alla percezione di 
oggetti o stati che hanno elicitato emozioni. 



● La percezione di un evento emotivo conduce a una 
rapida, automatica e stereotipata risposta emotiva

● Vi è anche una modulazione comportamentale a lungo 
termine mediata da feeling che può contrastare con la 
risposta emotiva 

→ EMOZIONI E FEELINGS SONO MEDIATI DA      
     SISTEMI DIVERSI



Feeling states
● Ipotalamo 

● Nuclei del tronco cerebrale

● Insula 

● Corteccia cingolata

● Corteccia somatosensoriale

→ ricevono informazioni sullo stato interno 

dell'organismo



Circuiti ed emozioni
•Asimmetria emisferica: 
emisfero dx comprensione
emozioni

• parte sin del viso + 
espressiva

• ascolto dicotico: 
vantaggio di orecchio sin 
(emisfero dx) per tono
emozionale di frasi e dx 
persignificato

•Sindromi emozionali
•Anobarbital in arterie
carotidee ( test wada) a dx 
euforia a sin depressione



Attivazione cerebrale
• Amore vs. amicizia
• Osservazione di fotografie



Attivazione cerebrale
•Registrazione di attività psicofisiologica (conduttanza

cutanea, frequenza cardiaca) e registrazioni PET 
durante il ricordo di episodi con diversa valenza
emotiva di cui viene dato anche il rating (0-4).
•Attività psicofisiologica PRECEDE attivazione

cerebrale (James-Lange)
•Analisi di stimuli piacevoli rispetto a stimoli

spiacevoli provoca attività in nella corteccia frontale
dorso-laterale, orbitale e mediale
•Analisi di stimoli piacevoli rispetto a stimuli neutri

provoca attività nella corteccia cingolata, visiva e nel
precuneo
•Analisi di stimoli spiacevoli rispetto a stimoli

piacevoli provoca attività nell’amigdala, nella
corteccia visiva e nel cervelletto
•Analisi di stimoli spiacevoli rispetto a stimoli neutri

provoca attività nel nucleo accumbens, nel precuneo, 
e nella corteccia visiva. 
•Non esiste relazione punto a punto tra una data 

emozione ed un’area specifica => non esiste il centro
della felicità, il centro della tristezza etc


