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The amygdala is one of the areas in the brain involved in the development of PTSD as the starting point for the process of
activation of the hypothalamo—pituitary axis and the cascade of physiological responses to acute stress. An appropriate
response to acute stress is a vital adaptive mechanism, but its prolongation causes various biopsychosocial (previously,
psychosomatic) disorders. Chronic stress leads to higher expression of CRH/CRF in the CE and BLA, which has an
anxiogenic effect.
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| 1. Introduction

The amygdala is formed by several nuclei and cortical fields located bilaterally in the anteromedial part of temporal lobes
of the cerebrum (Figure 1). There are several concepts about what the term amygdala should encompass as well as
whether it is a single structure or a set of extensions from different parts of the brain [,
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Figure 1. Simplified representation of the structure
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and location of the amygdala. The upper part of the schematic shows the human brain when viewed from the lateral side,
where the brainstem, cerebellum, and four lobes of the cerebrum can be seen. The middle part of the schematic shows
the structures present on the coronal plane through the temporal lobe of the cerebrum on which the position of the
amygdala can be observed. The lower part of the schematic shows an enlarged amygdala with its individual nuclei. a.c.—
anterior commissure. See text for details.

In primates, the amygdala is usually divided into 13 nuclei and cortical fields BIRI4IE! Most agree that the amygdala can
be divided into several groups of nuclei, as some nuclei show certain anatomical and functional similarities. The deep or
basolateral group contains the lateral, basal, accessory basal and the paralaminar nucleus. The superficial or
corticomedial group includes the cortical nucleus in contact with the relatively thin periamygdaloid paleocortex, the central
and medial nuclei as two functionally similar nuclei, and the nucleus of the lateral olfactory tract, which some authors do



not include as a part of the amygdala. The BNST might be added to this group although most do not consider it a part of
the amygdala. It should be noted that the central nucleus (CE) has a more specific functional role and connections, so it
can be observed separately. Additional nuclei include the anterior amygdaloid area, the amygdalohippocampal area, and
groups of inserted neuronal clusters (Figure 2).
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the connections of individual amygdala nuclei with numerous cortical and subcortical structures, and their role in
processing functionally different types of information. Amygdala nuclei are marked in colors as shown in Figure 1. BLA—
basolateral (basal) nucleus; BM—basomedial (accessory basal) nucleus; CE—central nucleus; Co—cortical nucleus; EC
—entorhinal cortex; IN—intercalated neurons; ME—medial nucleus; LA—lateral nucleus; PL—paralaminar nucleus. See
text for details.

2. The Role of the Amygdala in Sensation Seeking, Psychosis, Major
Depression and Other Psychiatric Disorders

Distinct morphological and functional features of the amygdala have been reported across psychiatric disorders. The
amygdala plays a key role in both emotional processing and stress response; alterations in amygdala neural activation on
emotional tasks were reported in patients with disorders associated with stress and disturbed emotional perception, such
as affective disorders. However, amygdala reactivity on specific cues was not uniform across the affective disorders
spectrum, given the different amygdala activation patterns during emotion processing in unipolar depression and bipolar
disorder. Of note, the majority of fMRI studies showed greater amygdala activation on negative emotional stimuli in
unipolar depression than in bipolar disorder, while the opposite was reported for positive stimuli €. While increased
amygdala activation was observed in patients with bipolar disorder across all iliness phases, similar findings were also
observed during attention tasks that had no emotional components, suggesting the additional role of the amygdala in
cognition . A recent meta-analysis reported smaller amygdala volumes in participants with major depressive disorder
(MDD) compared to healthy controls, although greater differences between groups were observed for hippocampal
volume [, Interestingly, amygdala volumes in bipolar patients did not differ from healthy controls [

Negative emotions that are induced by telling a subject that a painful stimulation will be delivered shortly may result in
either amplification of pain if a mild pain stimulus is delivered (hyperalgesia) or in the perception of pain when a tactile
stimulus is applied (allodynia) 9. In other words, anxiety about pain activates brain circuits that may increase or
decrease the feeling of pain. Using this paradigm, neuroimaging studies in patients with MDD compared with healthy
controls showed significantly lateralized perception of pain in depressed patients, as thermal pain tolerance and electrical
pain tolerance were significantly increased on the right hand side 1, and impaired ability to modulate pain experience in



MDD patients, due to increased emotional reactivity during the anticipation of pain. Subjects with MDD compared with
healthy controls showed increased activation in the right anterior insula, dorsal part of the ACC, and right amygdala during
anticipation of painful, relative to nonpainful, stimuli, increased activation in the right amygdala and decreased activation in
the PAG, rostral ACC and PFC during painful stimulation relative to nonpainful stimulation, and greater activation in the
right amygdala during anticipation of pain, which was associated with greater levels of perceived helplessness 12,

A recent metaanalysis comprising 1141 patients and 1242 healthy controls in 54 studies showed that both young and
adult patients with MDD showed abnormal neural activities in the ACC, insula, superior and middle temporal gyrus, and
occipital cortex during emotional processing. However, hyperactivities in the superior and mid frontal gyrus, amygdala,
and hippocampus were observed only in adult patients, while hyperactivity in the striatum was only found in young
patients compared to the controls 23!, Apart from the fact that both young and adult patients with MDD have the negative
processing bias during emotional processing, these findings suggest that adult patients with MDD are more subject to
impaired appraisal and emotional reactivity, while young patients with MDD are more prone to an impaired perception
process L3l After comparing 313 MDD patients with 283 healthy controls, another metaanalysis of the resting-state
functional activity in medication-naive patients with their first episode of MDD revealed that MDD patients had significant
and robust resting-state hyperactivity, mainly in the left amygdala and the left hippocampus 24!, These results confirmed
the earlier notion that the left hyperactive amygdala in depression affects both the onset and maintenance of emotional
dysfunction by eliciting dysfunctional negative biases at automatic stages of affective information processing 121,

Real-time fMRI coupled with neurofeedback allows a person to see and regulate the localized hemodynamic signal from
his or her own brain. Using this method, an applied neurofeedback training was given to healthy and depressed
individuals with the amygdala as the neurofeedback target to increase the hemodynamic response during positive
autobiographical memory recall. The initial results of this approach are encouraging and suggest its clinical potential in
alleviating symptoms of depression 18, especially stress-induced depression 4.

In sharp contrast to MDD, patients with schizophrenia, even in the early phase, had smaller amygdala volumes relative to
both healthy groups and bipolar patients [&. Patients with schizophrenia had also decreased structural connectivity
between the amygdala and orbitofrontal cortex and abnormal resting-state functional connectivity with the medial
prefrontal cortices [&. Such findings may be related to specific symptoms of schizophrenia. For example, increased
amygdala activity may have a role in distress and the perception of threat, related to auditory hallucinations 18 There are
also important differences in the nature of motivational deficits associated with psychosis vs. depression. Namely,
depressive individuals, particularly those who experience anhedonia, have the presence of impairments in in-the-moment
hedonics (“liking”), and such deficits may propagate forward to impairments in other constructs that are dependent on
reward responses, such as anticipation, learning, effort, and action selection, which could reflect alterations in
dopaminergic and opioid signaling in the striatum related to depression or specifically to anhedonia in depressed people
19 |n contrast, there is relatively intact in-the-moment hedonic processing in psychosis, but there are impairments in
other components involved in translating reward to action selection. In particular, psychotic individuals exhibit altered
reward prediction and associated striatal and prefrontal activation, impaired reward learning, and impaired reward-
modulated action selection 1,

Individuals with sensation-seeking traits have generally higher thresholds for threat detection, which may arise from
amygdala—inferior frontal gyrus interaction. Inferior frontal gyrus suppresses amygdala activity, resulting in feeling less
fear, which may result in reckless behavior of drug abuse 29, Sensation seeking is associated with an initial blunted
amygdala response 2, which may result in pursuing more stimulating rewards, using risky and reckless behavior.
Sensation (novelty) seeking is defined as the motivation to seek out novel, complex, and arousing experiences and is one
of the three main independent dimensions of temperament (the other two being reward dependence and harm avoidance)
and one of the four main independent dimentions of impulsivity (the other three being lack of premeditation, lack of
persistence, and urgency) 22, Impulsivity is considered a major endophenotype associated with disorders of behavioral
control, such as substance use and pathological gambling, as well as co-morbid neuropsychiatric disorders, such as
bipolar disorder and borderline personality disorder 2.

Adolescents endorse greater sensation- and novelty-seeking motivation and reduced behavioral markers of anxiety than
adults (with the peak of sensation seeking coming and going earlier in females than in males). From an evolutionary
perspective, orientation toward novelty seeking and risky actions could represent an advantageous mode of interacting
with the environment during adolescence, given the heightened demands on adolescents to find novel territories, mates,
and resources 24, Sensation seeking is closely related to the extent to which adolescents utilize emotionally relevant
information in decision-making, e.g., concerning the gain and loss of territories, mates, and resources.



Using the lowa Gambling Task to quantify approach vs. avoidance-based decision-making in children, adolescents, and
young adults, Cauffman and colleagues (2010) [ found that levels of approach toward potential reward took on a
curvilinear function, with the maximal sensitivity to positive feedback and risky choices (including risky [unprotected]
sexual behavior) occurring during the adolescent years (peaks in late adolescence around ages 18-20; in contrast, use of
negative feedback to avoid negative outcomes strengthen with age in a linear manner, not showing full maturity until the
adult years). This age trend of sensation seeking has been replicated across many cultures 281271 and confirms the
conventional wisdom saying that people become more cautious and conservative with age. However, adolescents do not
reveal these tendencies in all situations, but only in the arousing, thrilling contexts 28291 when they tend to disregard
information about the odds of gain and loss and report greater reliance on “gut-level” and “excitement” cues to shape their
choices, ultimately impairing their performance. The social context has been shown also to propel adolescents’ decision-
making in the direction of risk. Adolescents are more likely to make dangerous moves while driving in the presence of
peers BY and are more prone to deviant behavior when with others than when alone 1. It still needs to be clarified which
of the proposed potential mechanisms predominantly underlie peer influence: enhanced desire to impress, peers
introducing a “cognitive load”, the capacity for peers to shift orientation toward reward, or heightened physiological and
emotional arousal in the context of peer evaluation 32,

There is substantial evidence that some alleles in the dopaminergic system (such as those for COMT, DAT1, MAOA, and
genes for dopamine receptors, especially DRD4 and DRDZ2) and the serotonin-transporter-linked polymorphic region (5-
HTTLPR) gene variants are related to executive attention, temperament, attachment, psychosis risk, and sensation
seeking 2384, One of these genes, the gene for the dopamine receptor 4 (DRD4) in chromosome 11, was found to
influence sensation-seeking behavior as early as 18—20 months in interaction with the quality of parenting B2: when the 7-
repeat allele was present, relatively low-quality parenting produced higher sensation-seeking ratings, but when the 7-
repeat allele was absent, sensation seeking was moderate and low, regardless of parenting quality. This finding of the
susceptibility of children and adults with the 7-repeat allele to parental and other environmental influences has been
replicated many times B8I3738] sypporting the view that reward processing in appetitive motivation has an important role
in sensation seeking. Besides sensation seeking in toddlers when combined with poor parenting, DRD4 gene
polymorphisms have been associated with several other phenotypes, including an increased risk of attention deficit
hyperactivity disorder (ADHD), impulsivity, and lower levels of response inhibition B339,

On a number of occasions, patient S. M. reported a high level of excitement and enthusiasm while riding a rollercoaster
and also wanted to try skydiving 9. While these observations suggest a high level of “sensation seeking”, in everyday life
S.M. rarely engaged in purposeful risk-taking behavior, perhaps due to her inability to afford such activities (42,

Altogether, these results suggest that damage of the amygdala causes behavioral disinhibition that may interact with
unemotional traits in a number of ways. Low levels of fear may result in unresponsiveness to parental discipline,
ambivalence about parental or peer disproval, and low levels of anxiety in response to one’s own misbehavior 4. These
factors conceivably combine to produce a child who is unafraid of being disciplined, unmotivated to behave appropriately,
and unable to feel remorse for his or her misbehavior. Therefore, disinhibition may represent a risk factor for reactive
aggression as well as for sensation seeking and a lack of empathy and remorse. Reactive aggression and
psychopathology both implicate hypoactivity of both the amygdala and OFC [21(43],
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