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Four decades of social and biological research have been spent in search of an
explanation for human aggressiveness, since it inflicts such a heavy and costly
burden on society. Although only a small fraction of the population escalate their
aggressiveness and become criminally violent, violence is highly detrimental for
society as a whole. Beyond being a direct cause of death and immediate physical
injury, violence also produces less obvious, but profound, long-term physical and
emotional disabilities in its victims and witnesses. Most research effort has
concentrated on the recipient of an aggressive attack, who may show lasting
changes in the brain that lead to severe psychological (anxiety, post-traumatic
stress disorder and depression) and physiological (cardiovascular, immune-
related) illnesses. However, it is often overlooked that the offenders are victims
themselves, in that somehow they are not able to stop themselves actively from
causing injuries and harm. When outbursts of aggression are co-morbid with
DSM-IV-defined neuropsychiatric disorders, the offenders are given psychiatric
care, but when they appear to belong to the normal healthy population their most
likely fate is punishment (prison) by the criminal justice system. 

In the past, (neuro-)biological factors have not been given sufficient consider-
ation in the search for ways to deal with human aggression and violence.
However, with recent advances in pharmacology, molecular genetics and brain-
imaging techniques, scientists have gathered more detailed knowledge about the
physiological factors and molecular events that control aggression and the ways in
which social experiences and gene-environment interactions impinge on them.
Lifetime-persistent, high-frequency expression of excessive physical aggression can
be considered a pathological condition of the neural circuitry and molecular
mechanisms of aggression. As such, it should be treatable using the typical
biomedical principles of prevention and intervention. Unfortunately, however, in
contrast to various other disorders, pathological aggression still lacks an appro-
priate objective definition, let alone physiological biomarkers that could help to
identify individuals at risk. Moreover, proper and effective treatment options have
not yet been developed. To initiate evidence-based prevention and intervention
programmes we need a solid causative, neurobiological explanation of patholog-
ical aggression. 

I have approached this problem by considering that individuals differ in their
tendency to display offensive aggression because of a genetic predisposition.
These individuals might show physiological characteristics that render them more
vulnerable to becoming violent. In particular, social conflicts that they “win”
through aggressive behavioural acts might enhance their propensity to be aggres-
sive in future situations. Therefore it is necessary to study the effect of such social
experiences in biologically predisposed individuals and the consequences for
brain functioning.  In search of a way to study all these issues in a laboratory

CHAPTER 9

162



setting, I chose to look for a physiological explanation of mouse violence, with the
assumption that we can extrapolate the findings to the human situation, based on
the evolutionary relatedness of the two species.

SUMMARY OF THE RESULTS

In this thesis I studied three pairs of mouse lines selected for high (SAL, TA,
NC900) and low (LAL, TNA, NC100) aggressiveness. I examined their behaviour,
their peripheral stress physiology and their central serotonergic system with
emphasis on the serotonin-1A receptors. Here I present an overview of the results
in relation to the original research questions. 

Are there behavioural correlates of the aggressive mouse lines that relate to
different groups of aggressive people? In Chapter 2 the behavioural phenotypes
of mouse lines selected for high and low aggression were studied in several non-
social contexts. The SAL-LAL pair, originally derived from wild-trapped mice,
showed a weak association between aggression and proactive coping. In the two
other selection pairs that originated from domesticated albino laboratory strains,
high aggression was negatively associated with emotionality.

Related to this, which lines develop similar pathologies to human violence?
What are the neurochemical correlates of these more or less violent phenotypes?
In Chapter 3 the SAL line was found to show signs of violence (=pathological
aggression), in attacking females and in not being sensitive to submission signals
from a docile intruder. When permitted to dominate physically other conspecifics
repeatedly in daily resident-intruder tests, the SAL mice increased their violence
levels against females, in terms of increasing the attack/threat ratio, i.e. the actual
attacking behaviour relative to the preparatory threatening component. During
the training, SAL and LAL mice increased their prefrontal cortex serotonin levels,
but the levels of SAL mice increased only slightly, consequently generating a signifi-
cant difference in the serotonin levels between SAL (lower levels) and LAL at the
end of the training. Dopamine metabolism was also affected differentially in the
SAL and LAL lines, with the SAL increasing and the LAL decreasing their dopamine
metabolism in the prefrontal cortex. The other highly aggressive lines did not show
violence and did not change their frontocortical serotonin levels. In contrast, nora-
drenaline was negatively associated with high aggression and with the repeated
resident-intruder experience in these lines. Finally, the social training reduced the
serotonin metabolism in all the lines, independent of their aggression levels and
genetic background. These results support the current view that the neural network
controlling aggression is not static but plastic, as social experiences reshape pre-
and/or postsynaptic neuronal elements to enhance aggressive behaviour. 

GENERAL DISCUSSION

163



Are violent mice physiologically similar to violent humans? In Chapter 4 the
violent SAL mice and the less pathological TA aggressive mice were found to be
bradycardic in their resting baseline, while the TA and NC900 aggressive lines
were found to have higher maximum core body temperature during their awake
baseline. In general, the aggressive lines had also higher circadian amplitudes for
heart rate and core body temperature. During a handling stressor, the high aggres-
sive lines did not show autonomic hyperactivation. Interestingly, the NC100 low-
aggressive line showed blunted reactivity in combination with a phenotype char-
acterized by low activity levels and high body weight and fat deposits.

In which types of mouse aggression is serotonin involved? How involved are
5-HT1A receptors in these more or less violent mice? In Chapter 5 the violent SAL
mice were found to have the lowest prefrontal serotonin levels, followed by TA and
NC900. Overall, low serotonin levels were associated with high aggression levels.
In SAL there was a strong inhibitory feedback from the serotonin-1A autoreceptor,
while in TA there was a stronger activation of the serotonin-1A heteroreceptor. In
the NC-lines, the low-aggressive NC100 showed higher serotonin-1A heterore-
ceptor functionality, perhaps related to their obesity-prone phenotype.

How do the dynamics of 5-HT1A receptors relate to the escalation of aggres-
sion into violence? In Chapter 6 changes in the functionality of the serotonin-1A
autoreceptors were associated with the escalation of high aggression into
violence. The SAL mice were the ones reaching a more violent phenotype and, at
the end of the daily repeated resident-intruder experience, violence levels were
correlated with higher 5-HT1A autoreceptor sensitivity.

Is serotonin causally involved in determining the aggressive phenotype? In
Chapter 7 a reduction in tryptophan availability in the diet significantly reduced
the prefrontal levels of serotonin in SAL and LAL mice. While reducing body
weight and increasing plasma corticosterone levels, there was no significant
change in the high or low aggressiveness of the mice against an intruder.

Can the ultracellular distribution of 5-HT1A receptors explain the difference in
functionality associated with mouse violence? In Chapter 8 the prefrontal intra-
cellular  serotonin-1A heteroreceptors of violent SAL mice were found to be fewer
in number than those of LAL mice, and more dynamic in terms of an agonist-
induced increase in the intracellular pool, mainly in organelles not involved in the
degradation pattern.

VIOLENT MICE

In the context of research on aggression and violence, this thesis demonstrates an
important novel result that genetically predisposed mice can develop a violent
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phenotypic trait or combination of traits that resembles that of pathologically
aggressive human individuals. By combining the results from my studies with
other studies in the lab, I found this phenotype specifically in the feral SAL mice,
in which it was especially prominent after a repeated social experience that rein-
forces their tendency to exhibit exaggerated offensive aggression.  

Research on aggressive behaviour that uses preclinical animal models has
always encountered difficulties in translation to humans, because too often the
adopted animal models were not showing signs of pathology, but only exhibiting
species-typical aggressive traits in the context of adaptive and functional social
communication. In resident mice, in particular, offensive agonistic behaviour
against an intruding conspecific is a manifestation of territorial control. In
humans, this functional aggression is not expressed in terms of agonistic behav-
iour. Human offensive physical aggression is considered pathological, since
healthy individuals have ways to inhibit and control their propensity to engage in
aggressive acts. In order to find an animal model that best represents human
violence, the Behavioural Physiology research group in Groningen decided to
compare three selection pairs for high and low predisposition to aggression. From
human research, a number of behavioural parameters that are present in violent
individuals can also be objectively analyzed in the mice. The criteria are:
– aggressive temperament from youth onwards/genetic predisposition
– aggression exhibited across different situations
– lack of discrimination in terms of type opponent and/or body-region of attack
– lack of inhibition
– very little ritualized threatening in comparison to the actual injurious act.
This research considers the SAL line as the most valid model for human violence,
since it shows all these criteria. Together with their characteristic violent pheno-
type, SAL mice display certain physiological features that are not typical of the
other highly aggressive, less violent lines.

At the neurobiological level I have identified differences in the serotonergic
system. Low serotonin levels in the prefrontal cortex are characteristic of SAL
mice after they have received a social experience and their aggression levels have
saturated to the highest limit. The low serotonin levels are not the constitutional
cause of the extreme aggressiveness but, rather, they seem to be a consequence of
other underlying factors. An enhanced sensitivity of the 5-HT1A autoreceptor
seems to be a plausible causative mechanism. While during a repeated social
paradigm other mice would desensitize their 5-HT1A autoreceptors, individuals
that develop the most violent phenotype of the SAL line are resistant to this
process, so that at the end of the paradigm there is a high correlation between
violence and 5-HT1A autoreceptor sensitivity. The lower serotonin levels and the
enhanced 5-HT1A autoreceptor functionality may eventually result in inhibited
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tonic release of serotonin. The consequence is probably an impaired serotonergic
neuromodulation in control areas of social behaviour, such as the prefrontal
cortex. On the other hand, it seems that the 5-HT1A heteroreceptors in the
prefrontal cortex of SAL mice are more dynamic, as shown by the higher intracel-
lular responsiveness to a pharmacological challenge.  Table 9.1 shows a summa-
rized overview of the neurobiological phenotypes of the six mouse lines studied in
this thesis.

The brain serotonergic system also importantly modulates the peripheral
autonomic and endocrine physiology. The consequences of a lower activity of
serotonergic neurons are also seen in a slow resting heart rate and higher hyper-
thermia during wakefulness and stress. Since the direct link between serotonergic
regulation of the autonomic nervous system is not yet well understood, we cannot
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Table 9.1 Neurobiological phenotypes of the six mouse lines selected for high and low aggres-
siveness (= indicates no difference).

PFC PFC PFC Auto- Hetero DRN PFC-
5-HT NE DOPA 5-HT1A-R 5-HT1A-R 5-HT1A 5-HT1A

metab. function. function. intracell. intracell.
dynamics dynamics

SAL Low = High High High = High
TA Low Low = = High
NC900 Low = = = Low
TNA = High = Low Low
NC100 = = = = High
LAL High = Low Low Low = Low

Table 9.2 Physiological phenotypes of the six mouse lines selected for high and low aggressive-
ness (= indicates no difference).).

Rest Day Auton. CORT Leptin BW Anti-oxidant*

HR Temp. react.

SAL Low = High = = = Low
TA Low High High Low = =
NC900 = High High = = =
TNA = = = Low = =
NC100 = = Low = High High
LAL = = = = = = High

* from (Costantini et al., 2008)



make direct hypotheses about anatomical structures and their functioning.
However, it is interesting that the peripheral physiological traits we have identi-
fied are potential biomarkers for violence. Table 9.2 shows an overview of the
physiological phenotypes of the six mouse lines studied in this thesis. 

HOW VALID IS THE SAL LINE AS A MODEL FOR
HUMAN VIOLENCE?

As for every animal model of psychopathology, one has to evaluate the validity of
the genetic selection lines for aggression as a model for human violence. I start
with the face validity, i.e. the resemblance of the behavioural symptoms to the
human psychopathology. By looking at the type of aggression displayed, and its
more or less pathological aspects, I identified that SAL mice are more similar to
violent people than the TA and NC900 mice. I also looked at behavioural
endophenotypes, i.e. quantifiable heritable and stable traits associated with
aggression. I found violence in the aggressive individuals to be associated with a
proactive behavioural coping style. Similarly, in humans, a subgroup of individ-
uals with antisocial personality, the psychopaths, can have a successful life charac-
terized by a series of social victories and a considerable amount of instrumental,
manipulative and goal-directed behaviour. Secondly, the model also has predictive
validity for violence, in the sense that individuals of the SAL line that are exposed
to a series of these social victories are predicted to enter a routine of chronic phys-
ical aggression and recidivism, as humans would do in such a situation. This is the
case for SAL mice, but less evidently for the non-violent lines. Finally, construct
validity, i.e. the similarity between the neurobiological mechanisms involved, is
also present in the SAL line. Low resting heart rate and other indicators of auto-
nomic regulation are the best biomarkers so far for recognizing individuals at risk
of violence and psychopathy. Low serotonin is also consistent with the violent
offenders, and the evidence about 5-HT1A is slowly appearing in the human litera-
ture, due to the newly available imaging methods. 

So which individuals did I model in my mouse studies? In longitudinal
studies, individuals that show life trajectories of chronic physical aggression
comprise roughly 4-5% of the population (Nagin and Tremblay 1999). These indi-
viduals commit most of the violent crimes. A similar percentage of early-onset
aggressive individuals with chronically high aggressive tendencies has been found
in monkeys and feral rodents (van Oortmerssen and Busser 1989; Suomi, 2003;
de Boer et al., 2003). The artificial selection in the wild mice that generated the
SAL violent mice increased this percentage, making the physiological studies
statistically more powerful. However, the phenotype of the SAL mice is present in
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only a small number of individuals in the original feral population. The presence
of this violent phenotype in the population is suggested by the number of casual-
ties after wounding in the females and in the juveniles after the increase in popu-
lation density (de Boer et al., 2003; Koolhaas et al., 2007). The SAL line is there-
fore very suitable as an animal model for human violence and should be studied
in more detail in terms of early prevention and intervention strategies based on its
characteristic physiological phenotype. A comparison of SAL mice with antiso-
cial/violent human offenders is summarized in Table 9.3.

PARENTAL STRAIN MATTERS

An interesting result of this thesis is the failure to identify a violent phenotype in
the other two highly aggressive lines. To understand why this happened, it is
necessary to consider how the selection was originally made. First, the parental
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Table 9.3 SAL mice as an animal model for human antisocial/violent behaviour (adapted from
Sluyter et al., 2003).

Humans Measure SAL mice

Aggression
High impulsive/short attack latency High
High Aggressive personality High
High frequency of violence/violent attacks High
High domestic violence/attacks females High

Behavioural signs/disorders
High reproduction/littersize High
High alcohol dependence/preference High
High prevalence anxiety and depressive symptoms ?

Autonomic/neuroendocrine
Low HPA-axis (re)activity Low
High HPG-axis (re)activity High
Low neurosympathetic tone Low

Neurobiological
Low Serotonin Low
High(?) Vasopressin High
Low Prefrontal cortex functioning Low(?)



strain was different in the three pairs of lines. Only the SAL and LAL mice were
obtained from a wild population, while the other two pairs were selected from
Swiss-Webster and ICR laboratory strains of mice. The strong artificial selection
that was imposed on the laboratory mice in a non-systematic way over centuries
might have caused the violent phenotype to disappear. Mice from laboratory
strains are typically selected for being docile, easy to handle and good at repro-
ducing in captivity. The same concept applies for rats, in which the production of
laboratory strains led to the disappearance of the violent phenotype (de Boer et
al., 2003). The consequences of this for the study of the neurobiology and physi-
ology of violence are huge: it suggests that most of the studies conducted on stan-
dard laboratory strains describe the neurobiological and physiological characteris-
tics of aggressive animals that do not fall in the violent percentage of a feral popu-
lation. Although the ultimate evolutionary explanation is still unclear, biologists
recognize the existence of maladaptive aggression in several animal species (Sih
et al., 2004a). In the original population of house mice used for the selection of
SAL and LAL, the presence of an extremely aggressive phenotype was related to
the increase of population density in the population cycles (Koolhaas et al.,
1999). These aggressive individuals easily obtain social dominance and territorial
control, pushing away the less aggressive ones. Since they are quite territorial,
they do not need to evolve mechanisms to explore new environments.
Nonaggressive individuals, in contrast, are more easily defeated and need to
disperse and migrate in order to find new territories to establish their colonies.
Hence they benefit from being more explorative. As previously shown, the pheno-
types of both SAL and LAL mice have high adaptive value in different contexts
(Digman, 1990). The high aggression of the SAL mice is also a part of a more
general coping strategy aimed at proactively changing the surrounding environ-
ment in search of comfort and dominance. The strategy of LAL mice is that of
non-aggressive/reactive individuals, aimed at flexibly reacting to environmental
conditions with behavioural plasticity. The same adaptive explanation cannot be
advanced for the T and NC lines because of the high degree of artificial selection
that preceded the formation of these lines. Their degree of aggressiveness seems
to vary with a certain degree of emotionality.

MULTIDIMENSIONAL NATURE OF THE SELECTION: WHAT HAVE
WE SELECTED FOR?

Different selection criteria used in the selection process possibly contributed to the
absence of a violent phenotype in the TA and NC900. The SAL mice were selected
on attack latency, i.e. the time it takes to attack a cage intruder in the home cage.
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Attack latency is correlated with time spent in offensive behaviour, but primarily it
measures the readiness to attack and might relate to impulsivity and lack of
behavioural control. In contrast, the TA and NC900 mice were selected in a
neutral cage. Agonistic interactions in the neutral cage might function differently
in the mouse social system. A subordinate mouse in its home territory that is
pushed away from its deme might still be able to obtain social dominance in a
neutral territory. Moreover, the NC900 mice were selected on the basis of the
frequency, rather than the duration, of aggressive behaviour. These mice seem to
show a high frequency of behavioural shifts, but their total offensive behaviour
may not be extremely high. The generally high behavioural frequency of these
mice might still reveal a very cautious and communicative behavioural predisposi-
tion, very different from the SAL’s resilience to give up the fight.

Aggression is one manifestation of a broader behavioural characteristic. This
line of reasoning leads to an important conclusion. Genetic predisposition for
aggressive personality may not always lead to a pathological behavioural pheno-
type, even after a reinforcing winning social experience. On the contrary, individ-
uals with a genetic predisposition for being very proactive and inflexible, if
exposed to aggression-escalating routines, might be more at risk to engage in
violent acts, i.e. injurious, uninhibited, exaggerated aggressions, whereas individ-
uals with genetic predisposition for low emotionality might show aggressive
tendencies to achieve dominant status without incurring the pathology. Table 9.4
shows an overview of the behavioural phenotypes of the six mouse lines studied.
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Table 9.4 Behavioural phenotypes of the six mouse lines selected for high and low aggressive-
ness (= indicates no difference). 

Aggression Non-social Activity
coping

SAL High/Pathological proactive =
TA High = =
NC900 High = =
TNA Medium anxious =
NC100 Low anxious Low
LAL Low reactive High



TWO-TIER MODEL

Individual variation in behavioural traits is measured through behavioural
responses to certain tests or challenges. Many of the behaviours exhibited by one
individual are correlated with each other and they cluster in higher-order inde-
pendent factors.  Human personality is, for example, described by three, five or
more factors according to different authors (Digman, 1990). Rodent studies have
identified at least two independent axes that are hierarchically related, each repre-
senting a different level of variation (Steimer et al., 1997; Bronikowski et al.,
2001; Koolhaas et al., 2007; Veenema and Neumann 2007). Along one axis there
is the variation in coping style, from an extremely reactive to an extremely proac-
tive strategy. The coping strategy is a way to react to challenges of different
nature, a basic rule that an individual applies in different contexts. It determines
the type of response, whether aimed more at mastering the situation by changing
the environment to make it more comfortable, or at adjusting one’s behaviour and
physiology in a flexible way, or a response intermediate between the two. This
axis seems to be a fundamental one in defining an individual’s personality. A
second level of variation is the appraisal of the challenge as safe or dangerous and
it determines the intensity of the response. A challenge can be perceived as more
or less of a threat, depending on a certain threshold. Individuals with a lower
threshold perceive almost anything as challenging and consequently respond
more emotionally with their proactive or reactive behavioural strategy. Individuals
can be placed in a two-dimensional space described by these two orthogonal axes.

From the comparative analysis of the high- and low-aggressive lines, it can be
concluded that aggressiveness can be part of different components of one’s
personality. Aggressiveness that arises from the highly proactive individuals might
be more likely to transform into violence, whereas another tendency to high
aggression might be just a part of a low-anxiety behavioural profile. This is well
represented in our mouse lines, in which the SAL represents the highly proactive
and highly aggressive phenotype and is the most likely to develop violence. In
contrast, the selection criteria that generated the highly aggressive TA and NC900
lines might have acted along the appraisal axis, since it is the emotionality
response rather than the coping strategy that differentiates the high- from the
low-aggressive lines, particularly in the T selection. 

The neurobiology and physiology described in the mouse selection lines
might help explain this two-tier model. Serotonin levels, in particular 5-HT1A

auto-receptors, seem to be involved in the general differentiation in coping styles,
while noradrenaline seems to characterize the aggressive/low-anxiety phenotype.
Dopamine may be involved in the proactive phenotype when it has been pushed
to pathological aggression, through routine formation. In the peripheral physi-
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ology, aggression is related to low resting heart rate and hyperthermia. Daily fluc-
tuations in heart rate and temperature are greater in the selection for proactive-
reactive coping style, suggesting that proactive aggressive behavioural traits corre-
late with a bodily physiological make-up well suited to exerting/sustaining future
potential fights. It could be hypothesized that GABA-ergic neuromodulation is
involved in the variation along the appraisal axis, since most of the anxiolytics are
effective on the GABA-ergic system. This hypothesis remains to be tested.

A further interesting result of this research is that general activity levels and
consequent metabolic physiological characteristics might represent an inde-
pendent behavioural trait, adding an extra dimension to this two-tier model.
Maybe this variation was included in the selection of the NC lines, also based on
the presence of selection criteria that related to activity levels. Some studies have
already suggested that aggression, degree of emotionality and activity are selected
independently (Sluyter et al., 1995c; Sluyter et al., 1996c; Benus and Rondigs
1997).

DYNAMICS OF THE SYSTEM: PHENOTYPIC PLASTICITY

In this thesis, a dynamic picture of the physiology of aggression has emerged.
Often, studies on aggression or other behaviours hunt for fixed correlations
between the behavioural and physiological traits observed. These studies often
result in contrasting results or no correlation at all. The presence of contradictory
data or the failure to replicate previous results can be explained by differentiating
between state and trait. A state is the sum of temporary individual characteristics
in a certain moment of time, while a trait includes more life-stable individual
features. However, life-stable individual traits are difficult to observe, since indi-
viduals often adapt to environmental changes. In this thesis, it is clear that indi-
viduals are supported by highly dynamic physiological processes and that they
show a certain degree of phenotypic plasticity at several levels. Individuals are
able to adapt their behavioural strategies to the environmental challenges based
on their predisposition (genetic, epigenetic) and their previous experiences.
Meanwhile, at the central and peripheral level a certain number of molecular
rearrangements must occur. Thus, this high dynamicity has a remarkable impact
on the experimental designs. We have shown how adaptive and normal forms of
aggression can escalate into a more violent phenotype, depending on previous
experience and genetic predisposition. We have also shown how the serotonin
system adapts to these changes in the behaviour, even when the experiences
occur in adulthood. Experiences during early life, before or after birth and/or
during adolescence might have an even stronger impact on these neurochemical
systems.
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PLASTICITY VS. RIGIDITY: DEFINITION OF PATHOLOGY?

Environmental challenges might have a very different impact on different individ-
uals. In the SAL line, a strong genetic component is responsible for their aggres-
siveness and the development of violence. Embryo-transfer and cross-fostering
studies show that the perinatal environment is not very relevant in determining
their aggressive phenotype (Sluyter et al., 1996c). An aggression-reinforcing
repeated social experience exaggerates the aggressive behaviour towards a
routine-like saturation level and changes the molecular machinery of the SAL
mice in a way that might reduce its adaptive capacity. One might expect that
when the adaptive capacity is reduced to its minimum, the individual cannot cope
with a challenge and might develop pathology. The next challenge for neurobiolo-
gists is to unravel the molecular mechanisms that are involved in determining this
behavioural rigidity.

CONCLUDING REMARKS AND PERSPECTIVES

In this thesis I have provided for the first time a valid mouse model for human
violence, which is represented by the SAL genetic selection line obtained from
wild house mice from Groningen, the Netherlands, and is corroborated by
repeated social winning experience. I advise preclinical studies to use the SAL
line, together with its counterpart, the LAL line, in genetic, pharmacological and
neuro-developmental studies to investigate new methods for prevention and
intervention of human violence. I suggest first a replication of the mouse lines
from a new wild population of house mice, to confirm the results of the selection
process. If successful, the SAL and LAL lines should be genotyped for candidate
genes, including candidate genes for proteins of neurochemical systems that play
a role in aggression and violence. Further, at the neuro-developmental level,
studies should aim at early environmental manipulation paradigms such as
communal nesting, early adverse stressors and psychopharmacological treat-
ments, including serotonergic drugs. Such information would be highly valuable
not only for developing intervention strategies to prevent/suppress human
violence but also for the guidance of public and judicial policies to deal with
aggression and violence.
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