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abstract Attachment theory is a very influential general concept of human social and 
emotional development, which emphasizes the role of early mother-infant inter-
actions for infant’s adaptive behavioural and stress copying strategies, personality 
organization and mental health. Individuals with disrupted development of secure 
attachment to mother/primary caregiver are at higher risk of developing mental 
disorders. This theory consists of the complex developmental psycho-neurobi-
ological model of attachment and emerges from principles of psychoanalysis, 
evolutionary biology, cognitive-developmental psychology, ethology, physiol-
ogy and control systems theory. The progress of modern neuroscience enables 
interpretation of neurobiological aspects of the theory as multi-level neural 
interactions and functional development of important neural structures, effects 
of neuromediattors, hormones and essential neurobiological processes including 
emotional, cognitive, social interactions and the special key role of mentalizing. 
It has multiple neurobiological, neuroendocrine, neurophysiological, ethological, 
genetic, developmental, psychological, psychotherapeutic and neuropsychiatric 
consequences and is a prototype of complex neuroscientific concept as interpreta-
tion of modern integrated neuroscience.

intRoDuction

Bowlby’s attachment theory is a general theory 
of social and emotional development and is one 
of the most successful complex psychological con-
cepts (Shaver & Mikulincer 2009). It reflects the 
importance of early close mother-infant relation-

ships and psychosocial factors for mental health 
and personality organization as well as its substan-
tial etiological and pathogenetic influence in the 
pathophysiology of mental disorders (Hašto 2005). 
The theory emphasizes the importance of the qual-
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ity of mother-child and family relations in early child-
hood. These relations, in critical periods of childhood, 
significantly form the child’s behavioural characteris-
tics and they can be further employed as a protective 
or, conversely, as a risk factor for the development of 
mental disorders. The author of the theory – John 
Bowlby (1907–1990) created the theoretical framework, 
which enables conceptualization of human behaviour 
in close relationship to others. The theory postulates 
a genetically programmed repertoire of behaviour 
(attachment behaviour), which human infants are born 
with and which is, in an appropriate environment, 
more or less strongly focused on a particular person. 
attachment and attachment behaviour represent the 
basic terms of the theory. attachment is a strong need 
for contact with certain people, the tendency of prox-
imity-seeking to significant others and it is a continu-
ous, relatively stable feature of attachment behaviour. 
attachment behaviour has developed during evolution 
to assure proximity and create special bonds to these 
significant others (caregivers). Permanent relational 
bonds are formed by children only to several preferred 
significant persons (mother, father, sibling etc.) and 
these are designated as attachment figures. Attach-
ment figures provide protection, promote safe explo-
ration of the environment and help the infant learn to 
regulate emotions in a pro-adaptive, effective way. The 
child’s proximity-seeking behaviours are organized by 
the behavioural system (the attachment behavioural 
system) and this complex behavioural strategy emerged 
in evolution to increase the likelihood of survival and 
reproduction (Hašto 2006; Shaver & Mikulincer 2009). 
Experiences with interactions in attachment are rep-
resented in memory as the internal working models. 
According to Bowlby (1995) the formation of internal 
working models is conditioned mainly by real caring 
behaviour of the mother or caregiver. These important 
social interactions with attachment figure/s are inter-
nalized and stored as schemas in an associative memory 
network (Hašto 2006; Shaver & Mikulincer 2009). Thus 
formed internal models have a tendency to remain 
unchanged and distinctively affect the formation of new 
relations. Faulty internal models and attachment styles 
can be of special importance in the pathogenesis of 
some mental disorders. The less qualitative the attach-
ment to the parent, the more difficult is the inhibition 
of anxiety and calmness of a child in a stressful situ-
ation. In children up to 1 year of age it is possible to 
find a type of attachment which is distinctively condi-
tioned by the behaviour of the mother towards the child 
and these formed strategies of reaction in attachment 
behaviour are in certain modified forms carried over 
even to adulthood. There are several types of attach-
ment in the infant stage, whereas the physiological one 
is the so called secure type of attachment. The safe type 
is characterized by accessibility of the mother whom the 
child uses as a “safe base” by the correct evaluation of 
the child’s signals from the mother’s side and fulfilling 

its needs. Secure attachment is a protective factor for 
psychosocial development, while insecure attachment 
occurs significantly more often in patients with mental 
disorders (Agrawai & Gunderson 2004; Hašto 2005; 
2006). According to Bowlby (1983) attachment behav-
iour remains potentially active for life and is markedly 
activated in anxiety, tiredness, disease and associated 
with the need for affection and care (Hašto 2005). The 
attachment and attachment styles can be assessed as 
well as measured by means of several validated scales 
such as s EMBU (shortened version of EMBU – Egna 
Minnen Beträffande Uppfostran in Swedish; My mem-
ories of upbringing in English), ECR-R (Experiences in 
Close Relationships – Revised), AAI (Adult Attachment 
Interview) (Brennan et al. 1998; Arrindell et al. 1999; 
Shaver & Mikulincer 2009; Bieščad & Hašto 2010).

BaSic ScoPeS

The theory of attachment comes from knowledge 
and principles of psychoanalysis, evolutionary biol-
ogy, cognitive-developmental psychology, ethology, 
physiology and control systems theory. It could be 
interpreted from various aspects and has substantial 
theoretical and practical consequences. The attachment 
emerges from  special and intense kinds of mother/
caregiver-infant interactions and is exclusively enabled 
by specific neural coordination of essential quality 
during the critical early life period. This theoretical 
framework is supported by the critical period concept, 
which defines that specific critical conditions or stimuli 
which are necessary for development and can influence 
development only during that period (Schore 2001). 
the attachment relationship between infant and his 
caregiver is critical for human development – optimal 
social, emotional, and cognitive development (Strat-
hearn et al. 2009). These special interactions within 
attachment have types of unique patterns, which are 
of significant importance to create essential neurobe-
havioral regulations for individual survival. Initially, 
unique sensory motor information sharing between 
mother and child is the key starting point to establish 
the consequent intensive neural and behavioural regu-
lations which develop next. Between these early sub-
sequent regulations, affect regulation and emotional 
processing take special importance. Interdisciplinary 
research and clinical data have affirmed the concept 
that in infancy and beyond, the regulation of affect is a 
central organizing principle of human development and 
specific motivation systems (Schore 2001; Madlafousek 
2004). Affect regulations are crucial to coordinate other 
behavioural characteristics and emotional reactions to 
novelty and stress. Socio-emotional learning during 
the attachment period is internalized consequently and 
leads to an individual capacity to regulate, generate and 
maintain emotional security during life (Schore 2001). 
Moreover, the secure type of attachment (as a result 
of appropriate secure mother behaviour) is crucial for 
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mental health because of its facilitating effect on adap-
tivity, stress copying abilities and social functioning 
as well as for somatic health because of its affective, 
neuroendocrine and psycho-somatic regulations and 
influence on immunity. The established attachment 
relationships represent a fixed pattern of strategies. For 
example, ethological research showed birds and mam-
mals dispose of basic neural coordination to develop 
basic attachment strategies. Their youngsters show 
imprinting mechanisms to help them create a bond to 
the mother quickly and efficiently and display vocaliza-
tion when separated from their mothers (similar mech-
anisms such as the crying protest in human infants). 
The mother-youngster bond is strongly facilitated 
by relatively simple signals, for example the mother-
youngster odour stimuli. Primates do not dispose of 
such early behavioural mechanisms and their attach-
ment is created in steps following multiple interactions 
with the mother (Hašto 2005). There is evidence for a 
wide range of maternal and social bonding strategies 
and behavioural responses in mammalian species. In 
the majority of small-brained mammals, the formation 
of a maternal bond requires individual recognition by 
olfactory cues, activation of neural mechanisms con-
cerned with social reward by these cues and gender-
specific hormonal priming for behavioural output. The 
evolutionary increase of neocortex seen in monkeys 
and apes has lead to an increase of the complexity of 
social relationships and bonding. Olfactory recogni-
tion and stimuli to areas of the brain associated with 
social reward are down regulated and recognition is 
based on integration of multimodal sensory process-
ing requiring an expanded neocortex, particularly the 
association cortex. The emancipation from relatively 
simple olfactory and hormonal signals of bonding 
has been facilitated by the increased importance of 
social learning that is of critical importance for living 
in a complex social world, especially in human world 
(Broad et al. 2006). A separation from the mother typi-
cally activates a stress reaction in the infant, which is 
accompanied by the activation of the autonomous 
nervous system and elevation of cortisol in plasma 
(Levine et al. 1991). In the very early period these stress 
reactions are very intense and emergent, showing only 
subsequent modulations according to the type of cre-
ated attachment bond in later life stages. The secure 
type of attachment serves as a protective factor, which 
positively decreases the intensity of the stress reactions, 
enhances stress copying capabilities and could also be 
manifested as a lower tendency to increase cortisol in 
plasma in stressful situations. On the other hand, the 
insecure type of attachment imposes as a factor, which 
increases vulnerability to stress, discomfort and dis-
rupted resistance to stressful situations and promotes 
raising activation of stress reactions with enhanced 
cortisol release (Gunnar 2005). the complex devel-
opmental psycho-neurobiological model of attach-
ment suggests direct links between secure attachment 

and adaptive infant mental health, as well as between 
traumatic attachment and maladaptive infant mental 
health (Schore 2001). Many studies have shown that 
insecure attachment (especially attachment-related 
anxiety) is inversely related to well-being and positively 
associated with depression, anxiety, eating disorders, 
substance abuse, conduct disorder and personality dis-
orders (Shaver & Mikulincer 2009). These data support 
exceptional value of early mother-infant relationships 
in the process of forming the mental capacity to cope 
with inner and external (e.g. interpersonal, environ-
mental) loading factors. The attachment relationships, 
if disrupted in early childhood, could contribute to the 
susceptibility to mental disorders during the whole of 
life. Individuals with attachment type distinct from the 
secure one significantly more often suffer from mental 
disorders. In this context, education of future first 
mothers on how to create the secure type of attachment 
could potentially be an important factor in preventive 
strategy against many mental and other pathological 
conditions in childhood as well as in later human life 
periods. The growing body of modern neuroscien-
tific research reveals many neurobiological findings, 
which are crucial to formulate the attachment theory as 
a complex neuroscientific model with multiple levels of 
neurobiological, psychological, social, environmental 
and other interactions. 

neuRoBiological aSPectS of 
attacHMent

The area of neurobiological aspects of attachment 
is very wide and complex, still growing through new 
findings in various neuroscientific disciplines. The 
neurobiological basis of attachment could be inter-
preted as functional interactions and development of 
important neural structures, effects of neuromediat-
tors, hormones and essential neurobiological pro-
cesses including emotional, cognitive, social and other 
interactions.

Serotonin is one of neuromediattors, which prob-
ably also participates in specific maternal behaviour. 
Mice knocked-out for pet-1 gene, which is important 
for adequate serotonin system development failed 
in maternal care. Their offspring died within 5 days 
because of insufficient maternal care against cold 
(Lerch-Haner et al. 2008). A special problem is the role 
of the allele for serotonin transporter gene, also known 
as the “risk” allele for impulsivity, aggressivity and other 
behavioural disturbances, in the setting of genetic-
social environment interplay within attachment. Suomi 
(1999) demonstrated that only those macaque rhesus 
monkeys with the “risk” allele developed behavioural 
disturbances, and lacked a safe attachment to their 
mothers. Another neuromediattor which seems to be 
important in the physiology of attachment is dopamine. 
In rat suckling females an increase of dopamine level 
in the nucleus accumbens was observed after contact 
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with their pups. Those mothers which manifested more 
maternal behaviour were also found to have a higher 
level of dopamine in the nucleus accumbens. Those 
mothers who manifested less maternal behaviour were 
observed to intensify their care of pups after an artificial 
drug-induced increase in the dopamine level. Probably, 
this observation could indicate dopamine is involved in 
the processes of positive emotional and motivational 
regulations (Champagne et al. 2004). Important find-
ings prompted additional genetic studies of the allele 
for dopamine D4 receptor and its role in mother-child 
interaction. It was hypothesized that polymorphism in 
the D4 alleles could be associated with pathophysiology 
of the disorganized type of attachment. It was supposed 
that children with “normal” (short version) allele for D4 
receptor developed disorganized attachment because of 
their mother’s disturbed communication and interac-
tion style in particular. On the other hand, those that 
had “long” version (DRD4 7-repeat) of the D4 allele, 
developed the disorganized type of attachment with-
out substantial importance of the mother’s interaction 
style (Gervai et al. 2007). So, it is probable there is an 
important interplay between genetic and environmen-
tal factors with its various involvement and interference 
in the physiology or pathophysiology of attachment. 
noradrenaline is also involved in the regulation of 
parental behaviour. Female rats genetically disabled 
for synthesis of noradrenaline expressed no care of 
their youngsters. Despite this condition they developed 
maternal behaviour after application of noradrenaline, 
when noradrenaline was administered before, but not 
after the birth (Thomas et al. 1997). Noradrenaline also 
plays an important role in emotional memory process-
ing (Tully & Bolshakov 2010). It is known that the locus 
coeruleus (brain noradrenergic centre) is markedly 
interconnected with amygdala, hippocampus, frontal 
cortex and other structures associated with storing 
emotional memory. This type of early emotional inter-
action could be of special importance within the pro-
cess of attachment development in the most convenient 
way. Animal studies also suggest gaBa and glutamate 
are involved in the neurobiological processes underly-
ing attachment (Caldji et al. 2003; Hsu et al. 2003; Zia-
breva et al. 2000).

oxytocin is a hormone, which is also known to have 
effects in the central nervous system, mainly in the 
limbic system structures involved in the regulation of 
emotions (Buijs et al. 1985). Oxytocin plays an impor-
tant role in “social” interaction between infant and 
mother to prepare a “positive emotional setting” and 
type of attachment in the uterus even before birth. That 
is why oxytocin also used to be defined as a hormone of 
attachment. Mothers with stronger maternal behaviour 
(striking, controlling of infant’s safety, expressing more 
positive maternal emotions) displayed higher levels of 
serum oxytocin even during gravidity (Feldman et al. 
2007). Moreover, there is evidence for important link-
age between oxytocin and dopamine reward system’s 

pathways in the brain. Oxytocin receptors are located in 
the ventral striatum – a key dopaminergic brain region, 
and these receptors are functionally linked to maternal 
behaviour in the rat females (Olazabal & Young 2006). 
After birth, oxytocin is released by stimulation of the 
mother’s nipples and besides smooth muscle relax-
ation it also induces positive maternal emotions. In rat 
females, inhibition of maternal behaviour was observed 
after use of oxytocin antagonists (Van Leengoed et al. 
1987). Moreover, oxytocin also plays an important 
role in establishing adequate quality of attachment 
in infants. In early childhood attachment is created 
mainly through mutual reciprocity and close relation-
ship between child and mother and breast-feeding is 
probably one of the most important factors within these 
significant actions. During feeding oxytocin is released 
to the brain in both mother and child and is probably 
a special co-element to induce mutual mother-infant 
affection, interaction and calmness (Klaus 1998). Also, 
activity of antidiuretic hormone seems to be impor-
tant for parental behaviour. As an example, it was dem-
onstrated in a study that rat females exhibited higher 
maternal care when a higher activity of antidiuretic 
hormone was measured in their brains (Bosch et al. 
2008). Antidiuretic hormone seems to also be impor-
tant for paternal behaviour. In the study, where vole 
males were injected with antidiuretic hormone to the 
lateral septum, an increase in care of youngsters was 
observed in injected ones (Wang et al. 1994). As well as 
oxytocin, prolactin is also released during breast-feed-
ing. It is known that intracerebral infusion of prolactin 
could induce parental behaviour, which is controlled by 
sexual hormones (Bridges et al. 1990). Studies in mice, 
wolves and some primates even showed, prolactin sup-
ported paternal behaviour and this action was prolactin 
level dependent (Gubernick et al. 1993; Ziegler et al. 
1996). Also paternal expression in human individuals 
was prolactin-dependent. Fathers with higher levels 
of prolactin tended to be more watchful and displayed 
more positive reactions to the infant’s crying. Moreover, 
skilled fathers showed a higher increase in prolactin in 
comparison to less skilled ones (Fleming et al. 2002). 

From the genomic point of view, the attachment 
period is associated with a significant increase of 
Dna levels in the cortex. During this period the brain 
is rapidly generating nucleic acids that programme 
developmental processes. This massive production of 
both nuclear and mitochondrial genetic material in the 
infant’s brain is directly influenced by events, especially 
by social-affective stimuli (Schore 2000). According to 
recent research, the mother-offspring bond seems to 
be important as well as an epigenetic factor influenc-
ing substantial processes on a genomic level. Zhang et 
al. (2010) found that variations in maternal care stably 
influence DNA methylation, gene expression, and 
neural function in the offspring of rats. They exam-
ined whether maternal care affects GAD1 (glutamic 

acid decarboxylase 1) promoter methylation in the 
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hippocampus of adult male offspring of high and low 
pup licking/grooming (high-LG and low-LG) mothers. 
Compared with the offspring of low-LG mothers, those 
reared by high-LG dams showed enhanced hippocam-
pal GAD1 mRNA expression, decreased cytosine meth-
ylation, and increased histone 3-lysine 9 acetylation of 
the GAD1 promoter. The authors suggest that maternal 
care influences the development of the GABA system, 
which is linked to the pathophysiology of serious neu-
ropsychiatric diseases.

There is abundant motivation for understanding 
the important mechanisms of attachment which are 
demonstrated in the realm of ethological research. 
For example, the imprinting mechanism in young 
birds and mammals is well known. Goslings are, in a 
critical period of several days after the birth, fixed on 
their mother but also on other animals, a person or an 
object if it represents a source of relevant stimuli (e.g. 
imprinting is stronger if the stimuli are associated with 
a cackling sound). In primates, the activation of such an 
imprinting programme immediately after the birth does 
not occur and the bond is developed gradually over 
the course of infant development, as it requires a lot of 
interactions with a caregiver. In humans, especially, it 
could probably be explained by the fact that a child is 
born fairly “immature”, with insufficient adaptive strat-
egies to stay alive, if unprotected by parents. However, 
the child from birth disposes of basic neurobiological 
coordination such as intermediate inherited start-
ing mechanisms and motor patterns as well as enor-
mous dynamics in brain development (Hašto 2005). 
In animal research, Suomi (1991) demonstrated that 
the changes of attachment characteristics can be an 
important factor leading to continuous changes in the 
brain. In his experiment in young monkeys of macaque 
rhesus, separated from their mothers, abnormalities in 
behaviour which resembled manifestations of social 
phobia developed. They retreated only when they were 
exposed to the contact with their age brackets brought 
up by their own mothers and they manifested again 
when the young monkeys were exposed to unexpected 
and stressful situations. They also demonstrated higher 
levels of cortisol and ACTH in response to stress and 
lower levels of noradrenalin in liquor. Rosenblum and 
Andrews (1994) found in a similarly focused experi-
ment that young monkeys of anxious mothers demon-
strated lower dexterity in social interactions and were 
socially submissive (Hašto 2005). Another interesting 
finding led to experiments, in which macaque monkey 
youngsters isolated from their natural mothers lived 
only with two types of pseudo mother dummies – “soft 
mother” (covered with soft material and with a suck 
button) and “hard mother” (only a hard skeleton). 
Those youngsters which where in contact with “soft 
mothers” exhibited normal exploring activity even after 
striking stimuli alternating with returns to the mother. 
Those which were in contact with the hard mothers dis-
played less returns to the mother and expressed fright-

ened reactions and depression like symptoms. After 
relocation to the normal monkeys group, the deprived 
monkeys compared to the normal monkeys were often 
attacked by others and exhibited evident adaptation 
problems (Höschl 2004).

This is also demonstrated in humans, but in a more 
specialized and complex way. The attachment style has 
expressive influence on the stress copying and other 
behavioural strategies – affective regulation, early per-
sonality organization and mental health of infants. 
During early human life development, there is evidence 
for the special role of the right hemisphere, which is 
dominant for processing socio-emotional and bodily 
information, stress copying functions, and self-regula-
tion. These early emotional and social interactions are 
the crucial processes of early attachment creation. On 
the other hand, the early attachment period is critical 
for adequate right hemisphere development in order 
to receive and maintain social and emotional regula-
tion capabilities, which are of critical importance for 
human adaptation, copying and complex behavioural 
strategy during life. The infant’s early developing right 
hemisphere has deep connections into the limbic and 
autonomic nervous systems and is dominant for the 
human stress response. Processes occurring during this 
early development are critical for limbic system matu-
ration and for limbic–autonomic circuit development, 
during which time experience or environmental events 
might participate in shaping synapse formation. The 
early maturing right hemisphere undergoes the highest 
growth in the first year and a half and is dominant for 
the first three years of life. It is the orbitofrontal cortex 
of the right hemisphere, which is of the highest impor-
tance to regulate the crucial neural interactions and 
maturation processes during early life. Hence, the early 
functional attachment strategy is formed, adequate 
conditions are prepared for the next essential neuro-
developmental processes. This efficient right brain 
function is a resilience factor for optimal development 
over the later stages of the life cycle. Mutually regulated 
psychobiological interactions between the infant and 
primary caregiver within attachment relationship are 
of critical importance for the optimal development of 
self-regulatory functions and the organization of per-
sonality (Schore 2000; 2001).

The discovery of the mirror mechanism could be 
considered as an important landmark step forward in 
elucidating these complex human interactions. This 
mechanism is enabled by the action of the specific neural 
population called the mirror neurons. the mirror neu-
rons were originally discovered in the ventral premotor 
cortex of the macaque monkey. The main characteristic 
of these neurons is that they fire both when the monkey 
performs a motor act and when the monkey observes 
another individual performing a similar motor act. In 
humans, the mirror mechanism is organized into two 
main cortical networks, the first being formed by the 
parietal lobe and premotor cortices, and the second by 
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the insula and anterior cingulate cortex. Its role is to 
provide a direct understanding of the actions and emo-
tions of others without higher order cognitive mediation 
(Rizzolatti et al. 2009). Such function and organization 
enable early identifications and emotional reactions and 
could have an enormous importance for early mother-
child interplay. For example, it is well known that the 
human infant is an excellent imitator. Human infants 
are motivated to imitate a wide range of acts even 
without explicit rewards for doing so. Infant imitation 
serves a social-emotional function of communication 
and bonding. It also serves a cognitive function, as a 
mechanism for acquiring motor skills, causal informa-
tion, and tool-use techniques. Before language emerges 
(pre-verbal period), imitation is one of the chief mecha-
nisms for early learning in Homo sapiens (Meltzoff et 
al. 2009). There is evidence for a special EEG rhythm 
called the mu rhythm in adults. It is characterized 
by marked desynchronization and reduction of the 
amplitude associated with the performance of move-
ment. Recent findings from the adult EEG literature 
have shown that the mu rhythm is also desynchronized 
during the observation of others’ actions. Moreover, 
mu-like rhythm was also observed in infants and is 
related to the action perception and action production 
in early human development. So, it is hypothesized 
that those EEG rhythms could probably reflect physi-
ological processes connected with the activity of the 
neural mirroring systems (Marshall & Meltzoff 2010). 
Of course, close interactions in the infant’s early life are 
bidirectionally active (mother/caregiver-infant), which 
seems to be especially important to create the appro-
priate attachment. During early life, interplay between 
the right hemispheres of both mother and child seems 
to be crucial for the regulations involved in the opti-
mal attachment development. It is because the infant’s 
right hemisphere is dominant for the infant’s recogni-
tion of the maternal face, for visual emotional informa-
tion and for the emotional tone of the mother’s voice. 
This early adaptation brain programme is focusing the 
mother’s attention on and is regulated by the output of 
the mother’s right hemisphere, which is dominant for 
nonverbal communication. Some functional magnetic 
resonance imaging (fMRI) studies showed that rapid 
metabolic change occurs in the primary visual cortex 
of infants at about eight weeks of life. It was hypoth-
esized that this finding could reflect the onset of a criti-
cal period during which synaptic connections in the 
occipital cortex are modified by visual experience. With 
this maturational advance, the visual stimuli emanating 
from the mother’s emotional expression becomes the 
most potent stimulus in the infant’s social environment 
(Schore 2001). However, the infant disposes of special 
behaviour strategies to induce a specific mother’s brain 
response, which determines the optimal attachment 
relationship development. For example, Strathearn et al. 
(2009) examined new mothers to test if differences in 
attachment (according to the Adult Attachment Inter-

view) had some influence on the response of the brain’s 
reward system and peripheral oxytocin levels as the 
reaction to infant cues (smiling or crying facial expres-
sions). They found by using fMRI and measuring the 
peripheral oxytocin blood levels, that mothers with the 
secure type of attachment displayed greater activation of 
brain reward regions, including the ventral striatum as 
well as the oxytocin-associated hypothalamus/pituitary 
region on viewing their own infant’s cues (smiling or 
crying). Moreover, their peripheral oxytocin response 
to contact with the infant was significantly higher in 
comparison to mothers with the insecure type of attach-
ment. The insecure/dismissing mothers showed greater 
insular activation in response to their own infant’s sad 
faces. The authors suggest that individual differences in 
maternal attachment styles and brain structure activi-
ties may be linked with differences in the development 
of the dopaminergic and oxytocinergic neuroendocrine 
systems in the brain. Leibenluft et al. (2004) examined 
mothers who viewed faces of their own children and 
underwent fMRI to detect functional changes in their 
brain structures. The sight of their own child activated 
regions that mediate emotional responses – amygdala, 
insula and also those associated with “theory of mind” 
(see below) functions – anterior paracingulate cortex 
and posterior superior temporal sulcus. The authors 
concluded that these activations may reflect the intense 
attachment, vigilant protectiveness, and empathy that 
characterize normal maternal attachment.

Another important conception closely related to 
the function of neural mirror mechanism is the theory 
of mind. theory of mind or mentalizing could be 
explained as a man’s ability to read other people’s ges-
tures and faces within identification of their underly-
ing emotions and mental states. Humans are constantly 
reading each others’ actions, gestures and faces to rec-
ognize our underlying mental states and emotions, in 
an attempt to figure out what other people are thinking 
and feeling, and what they are about to do next (Frith 
& Frith 2005; Blakemore 2010). It is supposed that it 
is just the brain mirror system, which is fundamen-
tally involved in the neural processes allowing us to 
share emotions, intentions and actions of others. The 
human brain has the unique ability to represent the 
mental states of the self and others and the relationship 
between these mental states, making possible the com-
munication of ideas (Frith & Frith 2006). Such neural 
processes underlying social interactions are already 
active in infants, exhibiting gradual enhancement 
during development. A large body of research indi-
cates that theory of mind typically develops in children 
during the first few years of life. The basic features of 
mentalizing emerge in the first 18 months, understand-
ing false belief by 4 years or younger and second order 
meta-representation by 6 or 7 years of age. Moreover, 
some studies indicate theory of mind could take shape 
between late adolescence and early adulthood, mostly 
by the interactions with executive functions (Dumon-
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theil et al. 2009). Behavioural-genetic models of data 
received from large-sample studies showed a substan-
tial portion of environment factors (superior to genetic 
factors) in variance of the theory of mind. Mentalizing 
involves important emotional, cognitive and interper-
sonal processes and is suggested to be a pivotal factor in 
the evolution of attachment (Allen et al. 2008). Several 
studies have been conducted to identify the brain’s areas 
and neural structures involved in the mirror mecha-
nism and mentalizing. These studies used mentalizing 
tasks and neuroimaging methods and have consistently 
showed activation of a network of regions including 
the superior temporal sulcus at the temporo-parietal 
junction, the temporal poles and the dorsal medial 
prefrontal cortex (Burnett & Blakemore 2009; Blake-
more 2010). The medial frontal region is also engaged 
when subjects reflect upon their own mental states, as 
well as those of others with the more inferior orbital 
region responding especially to emotional states. These 
regions are thought to be an important part of the cir-
cumscribed network specialized for the social domain. 
This network is considered to be the social brain 
and mentalizing is one of the wide range of actions 
confronting this unique capacity of the human brain. 
Having theory of mind in attachment relationships cre-
ates the human capacity for rapid development of the 
social brain and consequently cultural learning (Frith 
& Frith 2005; Allen et al. 2008). Another important 
part of this social domain conception could be consid-
ered empathy, because it also co-emerges from unique 
social interactions during the early attachment period 
(Schore 2001; Leibenluft et al. 2004). It is suggested 
that empathy neuro-psychobiologically consists of two 
main mechanisms – bottom-up (automatically and 
unconsciously enacted understanding of other’s emo-
tions) and top-down (cognitive perspective taking of 
other people experiences, intentions and needs). The 
first one is thought to be an automatic processing mode 
related to the neural mirror systems (affective empathy) 
and the second one to be cognitive processing related to 
the theory of mind (cognitive empathy). Neuroimaging 
studies indicate that the same areas of the brain are 
activated when people experience their own emotions 
and when they observe such emotions in others and, in 
addition, automatic affective processing could be under 
modulating control of cognitive processing originating 
in the prefrontal cortex (Jankowiak-Siuda et al. 2011).

Within the unique human functional brain devel-
opment, the capability of people to recognize them-
selves and separate themselves from the environment 
has a particular placement. Recent neuroimaging stud-
ies (especially fMRI) revealed two main functional 
networks of special importance. The first one, the 
extrinsic system encompasses all the sensory motor 
areas engaged with processing and acting on infor-
mation derived from the outside environment and 
includes the occipital, parietal and temporal primary 
and secondary sensory regions, as well as the frontal 

motor and premotor regions. The second one – the 
intrinsic system (or default mode network) is charac-
terized by its activity, which is markedly anticorrelated 
with that of the extrinsic system. The intrinsic system 
displays a decrease in activity while performing various 
environment-dependent tasks and probably represents 
basic brain activity in the “resting state”. It includes the 
prefrontal medial and superior frontal cortex, the pos-
terior medial part of the cingulate gyrus and precuneus, 
and the bilateral inferior parietal cortex and is involved 
in various mental self-processing tasks, such as men-
tal-state attribution, perspective taking, daydreaming, 
emotional processing and theory of mind. Moreover, 
several studies indicate the existence of additional 
components in a default system, which are typical of 
activation during the cognitive tasks as a potential anti-
correlation activity to the rest of the deactivated system 
(Salomon et al. 2009; Krajčovičová et al. 2010).

As suggested above, postnatal human brain devel-
opment is a very dynamic, multifactorial and intensive 
process, during which structural and functional changes 
occur, especially in some cortical regions as they inter-
act and compete with each other to acquire their role 
in new computational abilities (Johnson 2011). In 
this process, which could be designated as interactive 
specialization, some cortical regions are involved in 
organizing patterns of inter-regional interactions and 
become more specialized with development. The onset 
of new behavioural competencies during infancy will 
therefore be associated with changes in activity over 
several regions. It is hypothesized that the prefrontal 
cortex (including orbitofrontal cortex ruling early right 
hemisphere development) could have a special domi-
nant role in regulating this collective functional orga-
nization (including mentalizing functions) of other 
cortical regions during functional brain development 
(Johnson 2011). Within this functional development of 
the brain, neural processes involved in the attachment 
development could be one of the important early life 
regulatory factors for optimal development of cogni-
tive, social, emotional and other domains and func-
tioning of many important brain networks including 
the “key” extrinsic and intrinsic systems. The processes 
underlying early attachment formation are necessary 
for both optimal psychic and behavioural functioning 
and early personality organization and must be of an 
essential quality as well as formed during the crucial 
early life. They are an important precondition for ade-
quate creation of systems involved in the life-important 
complex neural regulations (figure 1).

concluSionS

Attachment theory is very complex and could be inter-
preted from various points of view. It has multiple 
neurobiological, neuroendocrine, neurophysiological, 
ethological, ontogenetic, genetic and epigenetic, devel-
opmental, psychological, psychotherapeutic, social and 
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neuropsychiatric contributions and applications. To 
summarize the theory, early attachment to a primary 
caregiver could be considered as an important part of 
the human life continuum. This continuum begins at 
least two generations before the birth of a human indi-
vidual because complex characteristics of his parents 
are formed in that period and consequently transferred 
to him. The next sequence of the continuum is prena-
tal life in the maternal uterus. There is evidence that 
important information is carried out by special proteins 
(e. g. some hormones) and stored in the developing 

brain structures of the human foetus (e.g. by influencing 
the gene’s expression) during the prenatal period. This 
information could be considered as important because 
these interactions are already taking place between the 
child and his environment in utero (Fedor-Freybergh 
2008). These early interactions are markedly developing 
during the next postnatal period to create the crucial 
postnatal relationship to the mother (caregiver), which 
is of special importance for appropriate development, 
neural regulations and behavioural characteristics 
during life. They are critical for formation of attachment 
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styles and relationships, stress copying strategies, social 
conformity and other important elements of human 
existence. The quality of these formations influences 
all the subsequent life periods (childhood, adolescence, 
adulthood, senility and death). These early attachment 
styles are passed to future generations to “preserve and 
be preserved” in the human life continuum. Moreover, 
they could serve as a preventive factor and if formed 
incorrectly, also as important elements in the patho-
genesis of mental disorders. These important factors 
of early life development should be taken into account 
for the global interpretation of human psychological 
functioning.

The attachment, its influence on neural regulations, 
behaviour, emotional experiences, stress copying strate-
gies, cognitive development, social interactions, mental 
health and well-being could be considered as an inter-
disciplinary field of special importance. It is an area 
in which ontogenetic, psychological, neurobiological, 
social and other factors interact in the unique constel-
lation of every individual. Moreover, it is an excellent 
model showing the advancement of complex studies 
and sharing knowledge and principles of various sci-
entific disciplines as the interpretation of modern inte-
grated neuroscience.
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