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The amygdala is a complex structure playing primary role in the processing and memorizing of
emotional reactions. The amygdalae send impulses to the hypothalamus for activation of the sym-
pathetic nervous system, to the reticular nucleus for increasing reflexes, to the nuclei of the trigem-
inal nerve and facial nerve for facial expressions of fear, and to the ventral tegmental area, locus
coeruleus, and laterodorsal tegmental nucleus for activation of dopamine, norepinephrine and epi-
nephrine release. The amygdala plays a key role in what has been called the “general-purpose
defense response control network™ and reacts in response to unpleasant sights, sensations, or smells.
Anger, avoidance, and defensiveness are emotions activated largely by the amygdale. The amygda-
la is responsible for activating ancestral signs of distress such as “tense-mouth” and defensive
postures such as crouching. Poor functioning of amygdala has also been associated with anxiety,
autism, depression, narcolepsy, post-traumatic stress disorder, phobias, frontotemporal dementia,
and schizophrenia. Impairment of emotional event memory in patients with Alzheimer’s disease
also correlates with the intensity of amygdalar damage. All these events speak out for the impor-
tance to preserve the normal function of the amygdala which can only be achieved by constant
deepening of our knowledge about this unique structure.

Key words: Amygdala — Neurohormones — Suprahypothalamic regulations — Autism — Alzhe-
imer’s disease — Social disorder — Anxiety — Schizophrenia
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Introduction

The amygdalae (Latin, corpus amygdaloideum, sin-
gular, amygdala, from Greek auUydaAr] amygdale, ‘al-
mond’) are almond-shaped groups of neurons located
deep within the medial temporal lobes of the brain in
complex vertebrates, including humans. The amygdalae
are considered as a part of the limbic system with pri-
mary role in the processing and memorizing of emo-
tional reactions.

Amygdala is composed of more than 20 discrete nu-
clei arranged into larger formations and functional units
interconnected mutually with a number of pathways

(SwansoN 1998) of different chemical nature. Recent data
of the amygdalae stresses a number of functionally dis-
tinct nuclei. Amygdala encompasses several nuclei with
distinct functional traits. Among these belong the baso-
lateral complex, the centromedial nucleus, and the cor-
tical nucleus. The basolateral complex can be further
subdivided into the lateral, the basal, and the accessory
basal nuclei. Neuronal cell groups of the central and the
medial amygdaloid nuclei extend through the sublentic-
ular extended amygdala and the interstitial nucleus of
the posterior limb of the anterior commissure to the bed
nucleus of stria terminalis (BST) and form so-called ex-
tended amygdala (ALHED et al. 1998).
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The corticomedial nucleus senses olfactory bulb in-
puts. It projects to the hypothalamic ventromedial nu-
cleus via striae terminalis. It is interconnected with the
hypothalamus and contains receptors for gonadal and
adrenocortical hormones. The basolateral nucleus re-
ceives information from higher-order sensory areas and
associated cortex. Main outputs of these nuclei are di-
rected to the cortex, basal nucleus of Meynert, thala-
mus, and central amygdalar nucleus. It also projects to
hippocampal formation important in the context of
emotional experiences. Finally, the central amygdal-
oid nucleus receives information from the basolateral
nuclear group and mediates emotional and behavior-
al responses to emotional stimuli. Projections of this
nucleus are directed to the brainstem and spinal cord
autonomic nuclei, regulating the autonomic nervous
system. It receives viscerosensory informations from
the brainstem and projects back to brainstem via the
ventral amygdalofugal pathway (LEDoux 2000). In ad-
dition, centromedial complex of nuclei gives rise to
many peptidergic pathways of different phenotypic or-
igin.

The amygdalae send impulses to the hypothalamus
to activate the sympathetic nervous system, to the re-
ticular nucleus for increased reflexes, to the nuclei of
the trigeminal nerve and facial nerve for facial expres-
sions of fear, and to the ventral tegmental area, locus
coeruleus, and laterodorsal tegmental nucleus for acti-
vation of dopamine, norepinephrine and epinephrine
release.

Amygdala and signal filtration. Amygdala is one
of those areas of the brain which has been proposed to
be a fundamental in the physiological processes that
filter sensoric inputs (CRoMwELL et al. 2005). Medial
and lateral amygdaloid nuclei exhibit 100 % inhibition
of the sensory inputs and sensoric gating could allow
for a rapid influence on vigilance and attention pro-
cesses. Inhibitory mechanisms are reflected by reduc-
ing the neural responsiveness to repeated and well-pre-
dicted stimuli. Distinct filtering function of amygdala
has also been shown in amygdala and hippocampus
lesioned animals (DAENEN et al. 2002).

Amygdala and neurohormones

Vasopressin and oxytocin are considered to be im-
portant neurotransmitters modulating a variety of be-
haviors including aggression and fear. The amygdala
is involved in controlling fear and anxiety via detect-
ing threat stimuli and linking them to defensive behav-

iors. This is accomplished by projections connecting
the central nucleus of the amygdala to the brain stem
and to hypothalamic structures, which organize fear
responses (DEBIEC 2005). However, vasopressin and
oxytocin modulate the excitatory inputs into the cen-
tral amygdala in opposite manners (Huser et al. 2005).

Vasopressin (VP) is a peptide neurotransmitter ex-
cessively present in the limbic system of rats. It is syn-
thesized in the medial amygdaloid nucleus in the pres-
ence of sex steroids, transported to other limbic struc-
tures such as the hippocampus and septum and secret-
ed there by a calcium-dependent process (TANNAHILL
et al. 1991). Stimulation of the VP cells produces alter-
ations in sexual behavior in a manner consistent with
the hypothesis that the medial amygdala organizes the
appetitive phase of recognition of an appropriate part-
ner and sexual arousal.

Oxytocin (OXY) has a role in social behaviors in
many species, and so it seems likely that it has similar
roles in humans. It has been suggested that deficien-
cies in oxytocin pathways in the brain might be a fea-
ture of autism. HUBER and co-workers (2005) have iden-
tified discrete, anatomically separate populations of
oxytocin and vasopressin receptors within the central
amygdala. Based on the results with agonists and an-
tagonists applications a hypothetical neural network has
been constructed in which oxytocin and vasopressin
have been shown to exert opposite effects on anxiety
and fear. The behavioral effects of oxytocin are thought
to reflect release from centrally-projecting oxytociner-
gic neurons, different from those that project to the pi-
tuitary gland (Huskr et al. 2005).

Corticotropin-releasing factor (CRF). The
amygdala is part of an endogenous CRF circuitry within
the brain that mediates neuroendocrine, autonomic,
behavioral changes, and responses to stress. High den-
sities of CRF, CRF-binding protein, and CRF recep-
tors are located in the amygdala. The amygdala is itself
a major extrahypothalamic source of CRF containing
neurons (Gray and Bingaman 1996). CRF-containing
neurons of the amygdala can be directly modulated by
alterations in circulating glucocorticoids through glu-
cocorticoid receptors, which are expressed in amygda-
loid CRF-containing neurons. During periods of stress,
CREF is released into the amygdala and local CRF re-
ceptor activation has been postulated as a substrate for
stress-induced alterations. Affective behavior and stress
induced plasticity within the amygdala may be a criti-
cal step in the pathophysiology of the chronic anxiety
states (SHEKHAR et al. 2005). CRH in the central amygda-
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la may contribute to the psychological stress-evoked
fear-related behavior such as hyperarousal. The amygda-
la CRH system is much more sensitive to psychologi-
cal stressors than is the CRH system emanating from
the PVN (Makmo et al. 1999).

The central amygdaloid nucleus is the origin of ma-
jor CRF-containing pathways in the brain. Amygdal-
oid CRF neurons project to many regions including the
bed nucleus of the stria terminalis, lateral hypothala-
mus, midbrain central gray, raphe nuclei, parabrachial
region, and the nucleus of the solitary tract. In addi-
tion, amygdaloid CRF neurons may project directly to
dopaminergic, noradrenergic, and serotonergic neurons,
which have widespread projections throughout the neu-
roaxis (Gray 1993).

Neuropeptide Y (NPY) The basolateral nucleus
of the amygdala (BLA) is a distinct division of the
amygdala and contains the highest concentration of
NPY neurons. Interaction between NPY and CRF
within the basolateral amygdala may be critical for
maintaining a normal homeostatic emotional state
(Samyk et al. 2006).

Cholecystokinin (CCK) immunoreactive cell bod-
ies were identified in the bed nucleus of the stria ter-
minalis (BNST), medial amygdaloid, central lateral,
basolateral, basolateral ventral, medial, intercalated,
anterior cortical, and posterior cortical nuclei and the
amygdalo-hippocampal zone. In the rat male, in com-
parison with rat females, more dense aggregation of
CCK containing cell bodies has been visualized in
the medial amygdala, especially in the dorsocaudal
part and in the encapsulated part of the BNST
(MIcEvYCH et al. 1988).

Substantia P. Function of the medial amygdaloid
nucleus is related to the fear reactions. During stress
150 % increase of substantia P has been measured in
the medial amygdaloid nucleus in the rat (EBNER et al.
2004).

Gamma-aminobutyric acid (GABA). GABAergic
neurons are distributed throughout the amygdaloid com-
plex, especially in the lateral nucleus (PrrkANEN and
AMARAL 1994). These innervations, together with in-
teraction of NPY and CREF, play an important role in
the regulation of behavioral responses to environmen-
tal stimuli. Many GAB Aergic neurons project also from
the central nucleus into the nucleus of the tractus soli-
tarii with contransmission of somatostatin (Batten et
al. 2002). Higher density of GABAergic neurons in
amygdala may result into lower exploratory activity
(NEeLovkov et al. 2006).

Serotonin. Acute serotonin release in the basolater-
al amygdala may directly activate GABAergic neurons
of this region and through this activation to increase
the inhibitory effect of GABA projecting neurons.
Chronic serotonin release has opposite effect and may
act in a feedback mechanism to prevent excess inhibi-
tion within this nucleus (RAINNIE 1999).

Behavioral assessments

The amygdala plays an important role in the differen-
tiation and expression of so called ,,delicate** emotional
undertones and gives to physiological processes an emo-
tional touch. With hippocampus, the amygdala forms
a principal part of the limbic system important for store
of memories and emotive events. Conditions such as
aggression, anger, autism, depression, narcolepsy, trau-
matic response, post-traumatic stress disorder, rage, and
phobias are assumed to be linked to abnormal function-
ing of amygdala due to damage, developmental disor-
ders, or neurotransmitter imbalance. These concern many
different situations such as friendship, fear, love, sexual
behaviour, passion, anger, aggressivity, happiness, sad-
ness, ect. (Raawn 2000). The amygdala is sensitive to
social and emotional stimuli, such as differences in the
pronunciation and articulation and face expression which
is often associated with lateralized response. (RHAWN
2000). The amygdala possesses an ability to respond to
emotional stimuli conveyed through sound, kinaestheti-
cally or by facial expression. It is able to recognize faces
and facial expressions and responds differently to an
angry face as opposed to a happy face. Curiously, the
left amygdala responds to the eye movements of another
person and the right amygdala is activated when you
make eye contact (RHawn 2000).

In contrast, the central amygdaloid nucleus is asso-
ciated with emotional learning activities (GALLAGHER
and HoLLanD 1994). It has been suggested that in part,
violent psychopathic behaviours result from a malfunc-
tion in the amygdala, particularly that of the right hemi-
sphere. For example, people who were once aggres-
sive have been rendered quite pleasant by destruction
to their amygdalae. Some studies indicate that the
amygdala is not necessary for species-typical social
behavior or for gaining social knowledge during de-
velopment but it is rather critical component of a sys-
tem that evaluates the environment for potential dan-
gers. Hyperactivity of the amygdala would be associ-
ated with increased fear or anxiety and may contribute
to social disorders (Rosex 2006).
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Amygdala and some disorders

1. Autism is a disorder of brain function with an
unknown origin that appears early in life, generally
before the age of three, and persists throughout adult-
hood. It is considered for a neurodevelopmental disor-
der that manifests itself in problems with social relat-
edness, communication, interest, and behavior.

Autism means a developmental disability significant-
ly affecting verbal and non-verbal social communica-
tion and social interaction, plus a strong tendency to-
wards repetitive behaviour, although it may be observed
an unusual behaviour (Kamio et al. 2006). There are
many studies indicating the existence of a relationship
between autism and alterations in amygdala (Kamio et
al. 2006; BaroN-CoHEN et al. 2000). BROTHERS (1990)
has proposed a network of neural regions that com-
prise the “social brain”’, which includes the amygda-
la. It has been assumed that autism may be caused by
an amygdalar abnormality (BArRoN-CoHEN et al. 2000).
There is evidence for an amygdalar deficit in people
with autism, who are known to have deficits in social
behaviour. Amygdala is not activated in patients with
autism when making mentalistic inferences from the
eyes, whilst people without autism did show amygdalar
activity (BARON-COHEN et al. 1999).

Many recent studies have documented the difficul-
ties in persons with an autism spectrum disorder who
have accurately perceiving facial identity and facial
expressions. It is argued that the development of face
perception and social cognitive skills are supported by
the amygdalar-fusiform system (Scaurtz 2005). There
is no general agreement in regard to the size of autisic
amygdala. Enlarged (ScHumMaNN and AMaraL 2006),
normal (PALMEN et al. 2006), and even smaller (MuN-
soN et al. 2006) size of amygdala have been debated
between specialists. For example according to MUNSON
and co-workers (2006) left amygdala is smaller in au-
tistic brain, while DzioBEK and co-workers (2006) have
indicated besides smaller amygdala also occurrence of
morphological abnormalities.

Two principal neurotransmitter systems, serotonin-
ergic and glutaminergic, have been linked to autism
(BLaTtT et al. 2001). Therefore this disease is also called
as ,,hypoglutaminergic illness*“. However, many oth-
er biologically active substances may take part in this
disease including GABA, oxytocin, and vasopressin
which are known to be involved in the regulation of
social behaviour (INSEL et al. 1999).

Histological abnormalities regarding the size and
density of neurons and density of dendritic arboriza-
tions have also been observed in autistic amygdala (Ay-
LWARD et al. 1999). ArRNDT and co-workers (2005) have
shown mainly differences in the cerebellar cortex cells
indicating reduction of the number of Purkyne cells as
well as alterations in the pyramidal pathway. In autistic
brain increased number of neurons was reported not
only in the amygdala but also in the hippocampus, en-
torhinal and cingular cortices, corpora mammillaria,
and septum (AYLWARD et al. 1999).

2. Alzheimer’s disease (AD) is a neurodegenera-
tive brain disorder that gradually destroys a person’s
memory and ability to learn, make judgments and com-
munications, and carry out daily activities. Symptoms
including irritability, agitation/aggression, depression,
hallucinations/delusions, and apathy are extremely com-
mon in AD, and may be present very early in the course
of the disease (CoPELAND et al. 2003).

Neurodegenerative changes in Alzheimer’s disease,
including neuronal cell loss, are followed by brain at-
rophy, which is the main gross pathological feature of
the disease (Hyman et al. 1990). Studies of autopsied
cases of advanced Alzheimer’s disease have also dem-
onstrated that amygdalar atrophy is related to the pa-
thology of the disease (Scott et al. 1992). They show
that the amygdalar atrophy in Alzheimer’s disease is
due to the loss of neuronal somata and processes and
the accumulation of neuritic plaque and neurofibril-
lary tangles, as well as extensive gliosis in discrete
amygdalar subnuclei, in particular, the loss of large
nerve cells in the magnocellular basolateral amygdalar
nuclei group. The morphological deformation relates
to intrinsic damage to the amygdalar subnuclei and their
reciprocal circuitry with other brain regions.

Amygdalar atrophy and intensity of amygdalar dam-
age is related to impaired emotional memory (Mori et
al. 1999), noncognitive features of AD (SwmiTH et al.
1999).

Amygdalar activity correlates well with the severity
of irritability and agitation symptoms in AD. AD pa-
tients had significantly greater amygdala responses to
both neutral and emotional faces relative (WRIGHT et
al. 2007). These amygdalar functional alterations may
represent a physiologic marker for certain neuropsy-
chiatric manifestations of AD (WRIGHT et al. 2007).

3. Social and anxiety disorders. There are five
major anxiety disorders: social anxiety and phobias,
generalized anxietydisorders, post traumatic stress dis-
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orders (PTSD) and obsessive compulsive disorder
(OCD). The amygdala is the ,,nerve centre* for the
anxious response which causes anxiety disorders (Ga-
RAKANI et al. 2006). The basal amygdala, the lateral
amygdala, and the central nuclei, are involved in the
pathways of fear response and abnormalities in amygda-
la can affect the acquisition and expression of fear con-
ditioning (Rosen 2006). Animal studies, primarily on
rodents, have shown that the amygdala, in connection
with a complex network including the prefrontal cor-
tex, thalamus, and hippocampus, is integral to multiple
aspects of emotional processing including mediating
adaptive and pathological fear responses (PHELPS and
LeDoux 2005).

The amygdala has also been implicated in the orga-
nization of social behaviors. The first study to the role
of the amygdala in social behavior (RosvoLp et al. 1954)
has revealed that high-ranking and previously aggres-
sive animals (rhesus monkeys) fell in the dominance
hierarchy and became extremely submissive following
bilateral amygdalectomy. Animals with bilateral dam-
age of the amygdala and anterior temporal lobe did not
re-establish contact with other group members, did not
engage in social interactions, and usually remains so-
cially isolated (Dicks et al. 1968). Amygdala-lesioned
macaque monkeys demonstrated less oral and manual
exploration of the cage or objects in the cage during
social interactions (PRATHER et al. 2001).

Amygdalar dysfunction has also been implicated in
human disorders ranging from social anxiety (BIRBAUM-
ER et al. 1998). The amygdala is involved in determin-
ing whether an object or organism is potentially dan-
gerous. If danger is detected, it coordinates a variety of
other brain regions to produce a typical species-depen-
dent response to avoid the danger. The amygdala ap-
pears to be a highly plastic brain region that contrib-
utes to learning what is dangerous in the environment
(LEDoux 2000). Humans with bilateral amygdalar dam-
ages are impaired in judging of negative emotion in
facial expressions and in making accurate judgments
of trustworthiness (ADOLPHS et al. 1998).

PTSD is related with pathophysiologic changes of
the amygdala (VIEWEG et al. 2006). Laterality differ-
ences in the activity of the amygdala have been report-
ed in PTSD patients, with presumed adaptive plastici-
ty in the hippocampus and the amygdala. The mean
right amygdalar volume of these patients has been
shown to be significantly smaller than the left one (Pav-
LISA et al. 2006). Animal research related to PTSD

showed that a single stress episode can cause a delayed
alteration in synapse formation in the basolateral
amygdala without changing dendritic length and
branching (MiLLER and McEweN 2006).

PTSD patients showing smaller hippocampal and
anterior cingulate volumes, increased amygdalar func-
tion, and decreased medial prefrontal/anterior cingu-
late function (BREMNER 2006). These patients also
showed increased amygdalar reactivity during process-
ing of certain types of emotional stimuli (e.g., fear,
anger) (STEIN et al. 2007). Anxiety-prone subjects had
significantly greater bilateral amygdala and insula ac-
tivation to emotional faces than did the anxiety-nor-
mative comparison subjects. Higher scores on several
measures assessing anxiety proneness (e.g., neuroti-
cism, trait anxiety, and anxiety sensitivity) were asso-
ciated with greater activation of the amygdala (predom-
inantly left-sided) and the anterior insula (bilateral)
(STEIN et al. 2007).

Phobics patients compared to controls showed great-
er subcortical, limbic, and lateral paralimbic activity
(pons, striatum, amygdala/uncus/anterior parahippoc-
ampus, insula, temporal pole), regions important in
automatic emotional processing, and less cortical ac-
tivity (dorsal anterior cingulate/prefrontal cortex), re-
gions important in cognitive processing (LORBERBAUM
et al. 2004).

3. Schizophrenia. Schizophrenia is a highly com-
plex disorder characterized by multiple independent
domains of disease. Persons with schizophrenia expe-
rience have deficits in social cognition which have been
shown to compromise long-term social functioning.
These deficits include an impaired perception of emo-
tional cues in faces, speech prosody, and complex in-
teractions which might guide adaptive behavior in so-
cial situations (ADDINGTON and ADDINGTON 2000).

Several studies have indicated that schizophrenic
patients show impaired performance in various aspects
of social cognition, including theory of mind, emotion
processing, and agency judgments. These patients in-
dicated during such mental activity abnormal hemo-
dynamic response in the amygdala (BRUNET-GOUET and
DEecery 2006).

Deficits in the processing of emotion in schizophre-
nia are related to amygdalar abnormalities (LAWRIE et
al. 2003). In rats, a neonatal basolateral amygdala le-
sion induced behavioural features in adults reminiscent
of the symptomatology of schizophrenia (BOUWMEESTER
et al. 2006).
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Amygdalar abnormalities are an endophenotype in
schizophrenia and may be related to dysfunction of the
cytomatrix zone of synapses in the amygdala (WEIDEN-
HOFER et al. 2006). NELSoN et al. (1998) have concluded
that lower amygdalar volume is probably associated
with schizophrenia. In functional imaging studies,
schizophrenia subjects showed altered amygdalar acti-
vation in response to affective stimuli (Kosaka et al.
2002).

4. Frontotemporal dementia. Frontotemporal de-
mentia (FTD) is a neurodegenerative disease charac-
terized by progressive behavioural abnormalities of
emotional processing (LAveEnu and PasqQuier 2005) and
frontotemporal atrophy (Bramsartr et al. 2007). In con-
trast to neurodegenerative diseases in which the mem-
ory loss is usually the first deficit, FTD is associated

with early behavioural abnormalities, including apa-
thy, disinhibition, moral behaviour, obsessive and com-
pulsive behaviours, emotional blunting, and loss of
sympathy and empathy. These behavioural signs char-
acteristically precede impairment in memory and are
among the most reliable means of differentiating FTD
from other disorders causing dementia (SNOWDEN et al.
2001). These behavioural deficits are associated with
amygdalar alterations (Lavenu and Pasquier 2005), i.e.
in these patients significant longitudinal changes in the
left amygdala have been shown (BramBatr et al. 2007).
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