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Abstract. In this mini-review we were interested in describing the main genetic, biological and
mechanistic aspects of the aggressive behaviour in human patients and animal models. It seems that
violent behaviour and impulsive traits present a multifactorial substrate, which is determined by
genetic and non-genetic factors. Thus, aggressivity is regulated by brain regions such as the
amygdala, which controls neural circuits for triggering defensive, aggressive or avoidant behaviour.
Moreover, other brain structures such as the anterior cingulate cortex and prefrontal cortex regions
could modulate circuits involved in aggression. Regarding the genetic aspects, we could mention
the mutations in the monoamine oxidase or the polymorphisms of the genes involved in the
metabolism of serotonin, such as tryptophan hydroxylase. Also, besides the low levels of serotonin
metabolites, which seem to be associated with impulsive and aggressive traits, there are good
evidences that deficiencies in glutamate transmission, as well as testosterone, vasopressin,
hypochloesterolemia or oxytocin modifications could be related to the aggressive behaviour.
Regarding oxytocin we present here in the last chapter the controversial results from the current
literature regarding the various effects exhibited by oxytocin administration on the aggressive
behavior, considering the increased interest in understanding the role of oxytocin on the main
neuropsychiatric disorders.

Introducing the concept of aggression

Based on the etymological analysis, the word aggression comes from Latin, from aggressio,
signifying attack, and also from the verb aggredior, which can be translated as "to go against
something or someone", "to approach someone with a purpose ", or "to assault" [1]. Thus,
aggression basically describes a state of the psychophysiological system that allows the individual
to respond with a set of hostile behaviours in the conscious, unconscious, or phantasy plan towards
the destruction, coercion, degradation, humiliation of a meaningful thing or being, that the abuser
perceives as such and represent a challenge for him/her [2].

Moreover, according to a general dictionary of psychology, the term aggression is defined as: 1.
the tendency to display hostility by manifestation of aggressive acts; 2. the tendency to overcome
any encountered oppositions; 3. the tendency of self-assertion by unswerving manifesting of self
interests; 4. hiperenergy in one’s attitudes and reactions; 5. the constant tendency of domination
within the social group or community [3].

In addition, from a psycho-sociological perspective, the aggressiveness as physical expression
of the aggressive impulses is perceived by the existence of the behavioural intent to cause moral or
psychological suffering to others. The human aggressive behaviour has on one hand an innate
feature and, on the other hand, is acquired during the course of anthropogenic evolution. Also, if in
the primitive societies the aggression consisted only in physical attacks as violence, in modern
society the aggressive acts and deeds are sometimes indirect manifestations of aggression.
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Moreover, the ethological vision on the concept of aggression is also interesting. From this
perspective, aggression refers to the interaction and evolution of animals in natural environments.
The ethologists analyze human aggression from the perspective of animal aggression. Thus,
biologically, people are a highly evolved animal species. In the animal world aggression includes
three functions: equal distribution of the species, the selection of the fittest and the protection of the
young and defenceless [4].

In such cases in animals, aggression can involve physical violence, hitting, biting or pushing,
and most conflicts are resolved through menacing and intimidation stances or strokes that do not
cause physical damage. The stereotype signals may include threatening and hostile facial
expressions; vocalizations, such as birdsongs and the release of chemicals [5]. In animals,
aggressive behaviour might confer biological advantages. Moreover, aggression can ensure gaining
territories, resources of food and water, provides opportunities for mating, for self-defense or
protection of offspring and leads to the natural selection of more vigorous animals [6]. Also, an
individual from a group is more likely to become aggressive when the other members exhibit
aggressive behaviours that are similar [7].

In analogy with the aggressive behaviour in animals, the human aggressiveness retains an
important role in the survival instinct and exhibits. Still, a variety of the roles of the aggressive
behaviour are no longer valid today. Also, people can turn aggressive energy by sublimating it into
work, play, sports competition or art. Given the specific energy of this pulsing, aggression seems to
be unavoidable, as it may manifest spontaneously, regardless of situational particularities. Aside
from its obvious internal nature, aggression can be decreased or maintained by the course of
development in the context of culture and environment [8,9].

In this way, aggression is a characteristic of all living beings throughout their evolutionary
scale, having its origin in the central nervous system primitive structures. Moreover, it is a form of
destructive behaviour intended to cause damage, either material, psychological, moral or mixed.
Thus, the act of aggression may be directed against objects such as a house, furniture, kitchen
utensils, against human beings or against one’s ownself as autolytic behaviour. Thus, aggression
can take several forms: aggression against other persons is referred to as hetero-aggression, which
can be physical or verbal. The milder variant of this form of aggression is hostility and the extreme
variant is murder. Classic aggression is directed against objects and things from the environment
and is aimed to destroy the objects, while directing the autolytic behaviour against one’s ownself is
called self-aggressiveness, presenting a broader spectrum of manifestations, from self-hostility and
self-sabotage to self-mutilation and reaching suicidal tendencies and/or completed suicide. When it
occurs as an impulsive reaction, the manifestation of aggressiveness has the role to release the
tension, to psychologically defuse an individual with an excessively high psychoenergetic burden.
In some cases, the planned hetero-aggressiveness can indicate the presence of psychopathic traits of
personality and self-aggression could be an indicator of depression [10].

Also, certain sources of aggression are related to the personality traits of the individual, while
others to external conditions, such as frustration, which is one of the most common triggers of
aggression along with the attack or direct provocation, verbal and physical, pain, in its physical and
moral forms, heat and crowds. The most common and well-known forms of aggressive behaviour
that have a social and community impact are particularly delinquency and crime. Thus, aggression
is a behaviour oriented to produce damage, injuries, prejudice and physical harm to objects, people
or one’s own self. Also, aggressiveness can be manifested in different forms and intensities, from
simple ideas and thoughts, physical arousal, anger, competitive type traits and dominance to verbal
aggression and serious violence acts.

In this way, the researches on adult aggressive behaviour demonstrated two types of aggression:
proactive aggression usually calculated and making use of tools, aimed to obtain rewards and
reactive aggression, which is generally impulsive as a stress adaptation response for unexpected
events and can be a potential hazard [11].
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Epidemiology

There are relatively few studies in the literature regarding the general aggressive behaviour. In
this way, in a study from 2000 performed on 1269 patients with various psychiatric disorders, an
overall rate for aggressive behaviour of 13.7% was reported. The highest rates in terms of
aggressive behaviour occurred more often in patients with bipolar disorders (2.81%) and
schizophrenia (1.96%). Moreover, the patients at increased risk were those under 32, with episodes
of psychosis or substance abuse [12].

Regarding the way people manifest aggressive behaviour, it is known that this specific behaviour
is exhibited in various degrees in individuals varying by gender, age, cultural aspects, as well as by
biological and genetic peculiarities or presence of certain affections.

Thus, in children there is an almost constant degree of aggressiveness, manifested either as a
healthy assertive, competitive behaviour or as a pathological trait frequently involving violent
behaviour, delinquency and criminality. Also, it is known that in boys and males in general, the
level of aggressivity is higher than in women and is primarily geared towards persons of the same
age. Also, the predisposing precipitating factors for aggressive behaviour in children are different,
depending on their age. Thus, in little children the lack of attention and physical discomfort can be
causes of violent explosions of anger. Later, insults, criticisms or social comparison are triggers for
aggressive behaviour, while in adolescents, the frustrations may be hidden under a rather masked
form as breaking rules, stealing, lying, cheating or the need for social dominance [13].

Genetical aspects

The genetic substrate has also a particularly important role in the expression of aggressive
behaviour and in the presence or absence of the personality traits associated with aggression. In this
way, the studies on twins or adoptions suggested that heredity is involved in aggresivity, in varying
proportions (e.g. from 44% to 72%) [14].

However, not a single gene has been identified as to be clearly associated with this type of
behaviour, but rather a polygenetic substrate formed from multiple genes that regulate the activity
of some neurotransmitters such as serotonin or genes responsible for the structural components of
brain areas critical for aggression. Moreover, this genetic polymorphism may contribute to
individual differences and susceptibility to aggressive behaviour. Thus, the mutations in the
monoamine oxidase (MAOQO) gene which are associated with the alteration of catecholamines
metabolism, or polymorphisms of the genes involved in the metabolism of serotonin, such as
tryptophan hydroxylase of the 5-HT1B, the 5-HT2A and 5-HT1A receptor have been identified
[15]. Also, one allele of the tryptophan hydroxylase gene was associated with the suicide attempts
of violent delinquents and with aggressive behaviour in some patients with personality disorders
[16].

Also, the genetic predisposition for aggressivity appears to be deeply affected by genetic
polymorphic variants of the serotonergic system affecting the level of serotonin in the central and
peripheral nervous system, the biological effects of this hormone, the serotonin production rate, the
synaptic release and degradation. In this way, some functional polymorphisms of monoamine
oxidase A (MAOA) and the serotonin transporter (5-HTT) are of particular importance considering
the connections between the aformentioned polymorphic variants and anatomical changes in the
limbic system of aggressive persons. Furthermore, the functional variants of the 5-HTT and MAOA
genes can intervene in how the environmental factors influence the aggressive traits [17].

Biological mechanisms for aggressiveness

The neurobiological bases of aggressive behaviour consist from a complex of molecules and
neural circuitry designed to convert motivation into action. Thus, the exposure to various frustrating
stimuli such as abuse, frustration or hostility can stimulate certain brain region that process
emotional and cognitive stimuli and increase psychic excitability. Moreover, it has been shown that
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impulsiveness and violence are associated with specific brain regions, such as the limbic system. In
this way, brain structures which are considered essential in triggering aggressive behaviour are
represented by the amygdala, the ventromedial hypothalamus, the limbic system, the motor cortex
and orbitofrontal cortex [18]. Moreover, in patients with dementia the level of agitation and
aggression are directly proportional to the level of atrophy in certain brain key areas for aggressive
behaviour, such as the frontal lobe, amygdala, cingulate gyrus or the hippocampus. Also, the
amygdala responds to threats and provocative stimuli by stimulating the motor cortex which further
initiates the motor component of the aggressive act [18].

The emotional component is also associated with the cingulate cortex, which analyzes the
negative emotional stimuli. Additionally, the amygdala has connections with the hippocampus and
is involved in releasing certain factors that have the role of changing the homeostasis of the body
(e.g. as to prepare it for action). Also, the system limiting the aggressive behaviour has its origin in
the prefrontal cortex and in particular in the orbital prefrontal cortex, inhibiting the limbic regions
involved in the generation of the aggressive behaviour [19]. Moreover, in experimental animals,
stimulating ventromedial hypothalamus causes aggressivity and inhibits the natural structures
responsible for natural aggressivity inhibition [20].

Further evidence is also provided by studies of borderline personality disorder manifested
through aggressive behaviour, impulsivity, physical aggression directed towards others, acts of self-
mutilation, and family violence, showing changes in the serotonergic system of these patients. Also,
a link between temporal lobe epilepsy and violent and impulsive behaviour was described, and an
association between aggressive behaviour in patients who have a history of head injury and brain
organic changes [21].

Of course, the way in which aggressive behaviour is expressed is also based on the various
specific neurotransmitter systems. In this way, the most studied system involved in aggression is the
serotonin system. In this way, a decrease in the serotonergic transmission, which can be induced by
the inhibition of serotonin production or by antagonizing its effects, determines a decrease of the
negative consequences or of the relevance of punishment for a certain type of behaviour. Thus,
restoring serotonin through the administration of L-tryptophan (e.g. a serotonin precursor) or drugs
that increase serotonin level could strength the behavioural effects of punishment. Moreover, the
restoration of serotonergic activity by administration of L-tryptophan or drugs that increase
serotonin could perhaps help recover control over violent tendencies [22].

Also, as serotonin seems to facilitate the inhibition of prefrontal cortex, insufficient serotonergic
activity can lead to increased aggression. The decrease of serotonin levels, as demonstrated by
identifying low levels of a serotonine metabolite, has been associated with impulsiveness and
violent behaviour. In this way, studies on the serotonergic neurotransmitter system show that
serotonin metabolite, 5-hydroxyindoleacetic acid (5-HIAA) is found in low concentrations in the
cerebrospinal fluid in depression and could be accompanied by violence and suicidal behaviour
[23].

Moreover, other authors demonstrated that there is a correlation between the level of 5-
hydroxyindoleacetic from the cerebrospinal fluid and impulsive and violent behaviour. Thus, a low
concentration of the serotonin metabolite is found in people with aggressive behaviour. It also
seems that a low level of 5-HIAA is present in delinquents or people with a history of violence [24].

In addition, it is believed that low levels of serotonin metabolites seem to be associated with
impulsive and aggressive traits. As mentioned before, it seems that serotonin depletion is associated
with increased aggressiveness and impulsivity. In this way, a 2013 study on transgenic mice showed
that a chronic reduction in the levels of serotonin is associated with increased aggresivity.
Moreover, pharmacological intervention on serotonergic neurons, aimed to suppress the
neurotransmitter discharge, resulted in increased levels of aggression [25]. These data confirmed the
fact that low serotonin activity is decreasing the threshold for aggressive behaviour and supports the
idea of a direct association between low serotonin levels and increased aggressiveness.

Another relevant aspect in this matter could be represented by some childhood experiences such
as trauma or abuse, in relation to the emergence of serotonergic system abnormalities. In this way,
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some studies showed that sexually abused women are experiencing genetic changes associated with
a low activity of monoamine oxidase A allele, a gene involved in serotonin synthesis [26].
Moreover, these women have subsequently increased rates of antisocial traits. Thus, changes in the
serotonin system may be actively contributing to strengthening hostile, aggressive and impulsive
personality traits, especially when exposed to negative experiences [26].

Also some researchers reported an interaction between genetic, environmental and gender
factors, especially during the critical early stages of development, which causes pathological
manifestations that reflect changes in serotonin homeostasis. Additionally, the serotonin system
involvement in aggressive behaviour could be the outcome of various homeostatic imbalances for
the 5-HT system [27].

Also, some clinical studies suggested that the increased reactivity of noradrenergic and
dopaminergic system may facilitate aggression. Thus, reduced levels of norepinephrine may be
responsible for triggering excessive irritability in response to a stressful, unpredictable factor.
Biological, biochemical and genetic investigations of the enzyme responsible for the metabolism of
catecholamines, the MAO-A, have also shown that low levels of MAO-A activity are associated
with susceptibility to react violently and with impulsive behaviour [28,29]. Moreover, it appears
that in males the antisocial characteristics are negatively correlated with the activity of MAO [30].

In addition, the involvement of glutamate in aggressive behaviour has been investigated in
several studies, as some theoretical models indirectly link impulsivity and aggression to glutamate.
As know, glutamate is the most abundant excitatory neurotransmitter in the vertebrate nervous
system and is released from presynaptic vesicles after stimulation of the presynaptic neurons, acting
on specific receptors, the N-methyl-D-aspartate (NMDA) receptor, and a-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) [31]. Also, beside the preclinical studies which are
suggesting that central glutamate receptors stimulation could increase the aggressive behaviour
[32], in some experimental animals the administration of glutamate directly into the central gray
matter induces defensive hostility, while the treatment with a glutamate antagonist such as the
kynurenic acid results in the same response, of even defensive aggressiveness [33]. In fact, there is
also a considerable number of glutamatergic neurons within the projections between the
anteromedial hypothalamus and central gray matter, which could represent the structural support for
the link between glutamate and aggressiveness [32]. These data are in fact supported by a study
published in 2013 showing that there is a positive correlation between the CSF glutamate levels and
levels of impulsive aggressivity in human patients [34].

Regarding the endocrine system involvement in the aggressive behaviour, it is believed also that
testosterone and mainly its most active metabolite dehydroepiandrostenedione (DHEA) could be
implicated. Thus, it was showed that testosterone levels are higher in people with aggressive
behaviour, as in the case of the convicts which have committed violent crimes [35]. Also, high
levels of testosterone occur in sport teams that have an aggressive, dominant component or in
various confrontations [36]. The testosterone acts centrally through the activation of amygdala for
example, triggering aggressivity, while peripherally it increase muscle mass to achieve specific
motor behaviour. Also, a large number of receptors for androgens and estradiol are found in the
neurons from the prefrontal area, hypothalamus and especially the amygdala. Moreover, the effect
of testosterone on the brain begins in early embryonic life, leading to anatomic and organizational
changes that produce, in fact, the masculinization of the brain. Also, the antiandrogenic agents
appear to reduce the level of aggressivity [37].

We should also mention in this context the relevance of the hypothalamic-pituitary-adrenal
(HPA) axis, as well as the importance of cortisol and their relations to serotonergic system, which
antagonize the effects of testosterone [38,39]. Moreover, it seems that a major role in the increase or
decrease of the impulsivity is played by the imbalances between testosterone and serotonin or
testosterone and cortisol (e.g. high levels of testosterone and low concentrations of cortisol), which
is explicable considering the reduced activity of the control and emotion self-regulating neural
circuitry.
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Moreover, hypochloesterolemia has been associated with aggressive behaviour and aggressive
suicidal attempts, while lipid-decreasing drugs administration correlates with increased irritability
states [40]. Also, experiments on primates have shown that reducing cholesterol through diet could
actually lead to increased aggressiveness and reduced activity for the central serotonin, which is
associated with the risk of violence in both humans and animals [41].

In addition, there are also studies demonstrating that vasopressin increases aggression behaviour
in most mammals including humans. It appears that this effect could be linked to the
aforementioned serotonin system effects, manifested through a modulating effect on the aggressive
behaviour [42]. Also, some data supports the correlation between the level of CSF vasopressin and
a personal history of aggressivity [43]. As already mentioned, vasopressin exerts uninhibitory
actions via the serotonin system, aspects which is somehow supported by the fact that vasopressin
antagonists can reduce aggressive behaviour [44].

Oxytocin and aggression

Another peptide related to vasopressin is oxytocin (e.g. the vasopressin/oxytocin signalling
systems are involved in a variety of functions such as reproduction, immunity and
thermoregulation, but with focus on the social manifestations connected with affiliation and
aggression [42]) and lately, there is increased interest in understanding the role of (especially
intranasal) oxytocin on the main neuropsychiatric disorders such as autism [45], schizophrenia [46],
anxiety [47], depression, Prader Willi syndrome [48] or even psychopathy [49] and the variety of
behaviours exhibited by the relevant central areas, including aggression [50-52].

In this way, it was demonstrated several times, by authors such as Bosch et al., in 2005 that
oxytocin is critically involved in the regulation of maternal aggression [53]. Moreover, the
aforementioned author did manage to find a very significant correlation between the aggressive
behaviour showed as a part of maternal defence in specific behavioural testing and oxytocin release
from both the paraventricular nucleus and the central nucleus of the amygdala. Also,
mechanistically speaking it seems that the most important aspect in oxytocin modulation for the
maternal aggressive behaviour is represented by the differences in the central release patterns of
oxytocin [53]. Moreover, in a subsequent publication in 2013 the same group is stressing the
aforementioned connection between oxytocin and arginine vasopressin in modulating maternal
aggression in rats, developing also a further hypothesis on the commune role of these neuropeptides
in anxiety perception and how this can be correlated to maternal aggression [54], considering also
the recent reports regarding the significant effects of intransal oxytocin administration in anxiety
patients [47].

Interestingly, it was also recently showed that in the high trait aggressive people the
administration of oxytocin can result in an increased aggression towards a close person (e.g.
intimate or romantic partner), possibility as a way of maintaining the current status/relationship
[55]. In this way, in 2014 the group of Nathan DeWall showed in a in a double-blind, placebo-
controlled study of high trait aggressive subjects that oxytocin (24 International Units) is actually
stimulating aggression only in subjects prone to physical aggression (for example exhibiting
behaviours such as hitting or throwing objects etc.) [55].

Similar aspects were also showed in various other experimental species such as dogs, fish or
piglets. In this way, the Topal group showed very recently in 2015 that dogs receiving intranasal
oxytocin showed less friendly first reaction and individual differences in aggression to an
unfamiliar experimenter, as compared to placebo, in a specific design behavioural task for dogs
called Threatening Approach Test [50].

Also, in piglets, which are considered to be much more closer in brain anatomy, growth and
development to the human brain, as compared for example to the classical rodent models [56], the
group of Rault et al. in Australia showed that neonatally oxytocin-treated piglets received and
performed more aggressive behaviours, then the controls, possibly by reducing the HPA axis [51].

Moreover, in fish such as Neolamprologus pulcher, a cooperatively breeding cichlid fish,
Hellmann group showed also in 2015, that after temporarily removing a subordinate individual, it
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was more likely for this to receive increased aggression, when returned back to the group, if it was
treated with isoctocin, an analogue version of oxytocin, versus the treatment with saline [52].

However, there are still a lot of controversial results in this area of research, since for example
other groups failed to find any significant effects for the administration of the intranasal oxytocine
on aggressive behaviour for example in subjects with antisocial personality disorder. In this way, in
a recent study from September 2015 it was found that intransal oxytocine generated little effects in
aggression and anyway not related to dose of oxytocin administrated, as judged by a well-validated
laboratory task of human aggression called point subtraction aggression paradigm [57].

Even more, it was showed that in non-lacting female rats (so outside the already classical and
well known perspective that oxytocin is implicated in defensive maternal aggression [53,54]) there
is surprising potential for an anti-aggressive effect of synthetic oxytocin administration, as
determined through an original behavioural approach such as novel female resident-intruder test for
spontaneous female aggressive behaviour [58]. In fact, there are previous correlative studies
showing a significant correlation between reduced oxytocin concentration in the cerebrospinal fluid
of some patients and aggressive behaviour [59], while some authors are strongly believing that the
aforementioned intranasal administration of oxytocin is exhibiting pro-social behaviours [60].

There are authors stating that these different effects of oxytocin on aggression, but also on other
related superior behaviours, could be explained by the different ways of oxytocin administration
(peripheral vs. intranasal), different dosage or by different experimental setup (e.g. looking at out-
or in-groups members or which is the basic level of aggressive responding in that individual) [50,
61-63].

Conclusions

Thus, it seems that violent behaviour and impulsive traits present a multifactorial substrate that is
determined by genetic and non-genetic factors. In this way, aggressivity is regulated by brain
regions such as the amygdala, which controls neural circuits for triggering defensive, aggressive or
avoidant behaviour, while the dysfunction of certain neural circuits responsible for emotional
control seems to induce violent behaviours. Moreover, besides the amygdala, other brain structures
such as the anterior cingulate cortex and prefrontal cortex regions seem to modulate circuits
involved in aggressive behaviour. Regarding the genetic aspects, we could also mention the
mutations in the monoamine oxidase or the polymorphisms of the genes involved in the metabolism
of serotonin, such as tryptophan hydroxylase. Also, besides the low levels of serotonin metabolites
which seem to be associated with impulsive and aggressive traits it seems that reduced levels of
glutamate, as well as testosterone, vasopressin hypochloesterolemia or oxytocin modifications could
be related to the aggressive behaviour.
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