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Hyperdopaminergia has been identified at impulsive or psychotic patients, the polymorphism of COMT or
other enzymes that metabolize dopamine could be involved. The deficiencies of the serotoninergic system
in suicidal behaviour has been mentioned by many studies that indicate the reduction of 5-HT, 5-HIAA in CSF
or 5-HTT polymorphism. Young patients with psychotic or depression symptoms manifest, frequently,
aggressive and self-harm behaviour. Besides the association between the young age and the aggressivity of
the patients with serious mental disorders, our study shows gender differences and this matter is sustained
by hormonal factors. The study was conducted at the Gheorghe Preda Psychiatric Hospital in Sibiu. The
study comprises 52 patients aged between 18 and 35 who were diagnosed with the diagnosis of
Schizophrenia, Bipolar Affective Disorder, Depressive Episode and Major depressive disorder according to
the DSM-5 criteria. Evaluation of the severity of psychiatric and depressive symptomathology were assessed
with Brief Psychiatric Rating Scale and Beck Depression Inventory; aggression and self-aggression in the
patients with Schizophrenia, respectively with Bipolar disorder, depressive episode and Major depression
disorder were assessed with Buss Perry Aggression Questionnaire and Suicide Intent Scale. Regarding the
severity of aggression in the young patients from our study (Buss Perry scale score), male gender is higher
than female gender: higher percentages in males (35% and 10%) than in females (16 and 0%). Determining
aggression in schizophrenia is possible due to COMT polymorphism that lead to impulsivity or psychotic
symptoms. The study show a significant positive correlation between the severity of symptoms of
schizophrenia and aggression. From the analysis of the severity of depression in young patients (SIS score)
it is noted that its severity is higher in the female gender. Women had higher scores of moderate depression
(58%) and severe (26%) than men (37 and 25%, respectively). This relationships could be possible due to the
polymorphism of the gene encoding the 5-HTT serotonin transporter related with serotonin deficiency.The
study do not show a significant positive correlation between the severity of the depressive symptomatology
and the degree of the suicide intent.
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The vast majority of people with mental disorders (about
90%) are non-violent [1], however, statistics show an
increased risk of violence among individuals with a mental
disorder compared to the general population [2]. A
comprehensive retrospective of a total of 20 studies has
shown that general aggression in psychosis and, in
particular, in schizophrenia is found to be 4-5 times higher
than in the general population, and the homicide rate was
14- 25 times higher [3]. Moreover, most violent behaviours
occurred during the first episode of psychosis [4], that is,
on the onset of schizophrenia, which usually takes place
in the first years of youth. A proportion of 20-40% of young
patients showed aggressive behaviours before being
presented in mental health services. The aggressivity is
one of the main feature at young patients, in comparison
with elderly patients whose the core feature is the cognitive
deficit, the most important predictor of the social
functioning [5].

One way to classify the aggressive behaviours is a dual-
model category as: premeditated and impulsive aggression
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[6]. Impulsive aggression is generated by multiple brain
systems and is highly associated with the comorbidity with
many disorders [7] like drug abuse, schizophrenia and
bipolar disorder [8]. In contrast, instrumental aggression
refers to harm another, using social cues [9] and is mainly
seen in psychopathy [10]. Instrumental aggression is
related to cortical structures, while impulsive aggression
is mediated at the level of the hypothalamus and limbic
system [11].

Aggressive behaviour in patients with schizophrenia or
other mental disorders implies high costs for the patients
themselves, for the family, the healthcare staff and for
society in general. For the patient, the aggressive behaviour
is associated with prolonged hospitalization, with difficulty
of integrating the patient in community, in safety conditions
and with a negative prognosis of the disease [12].
Otherwise, aggressive behaviour can cause physical
injuries to medical staff [13] and decreased work
satisfaction, thus bringing additional costs to society [14].
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Aggressive behaviour in schizophrenia
Psychopathologically, aggressive behaviour in

schizophrenia can be explained by the presence of
psychotic symptoms, substance abuse, cognitive
symptoms, but some distinct neurobiological mechanisms
also play an important part [15].

In schizophrenia, both psychotic and impulsive
aggression can occur. This is due to the structural and
functional abnormalities in the frontal and temporal cotex
and to the connectivity between them because a
disbalance is created between cortical inhibitor control and
instinctual impulses [16].

Several studies have shown that aggression is to some
extent transmitted genetically. However, the contribution
of certain sociodemographic factors, stress, the presence
of psychotic symptoms, the use of psychoactive
substances, the current treatment - a network intersecting
and giving rise to violence in schizophrenia is well known
[17].

The genetic contribution of COMT polymorphism has
been highlighted in a variety of studies. The homozygous
form of the Met/Met allele was found to be significantly
elevated in children aged 7 to 11 years with behavioral
disorder when exposed to maternal intranatal stress [18].
Patients with psychotic disorders presenting the Met/Met
homozygote gene exhibited a greater psychotic
symptomatology and a higher stress response than the
Val/Val homozygous form or the Val/Met heterozygote [19].
The role of genetic factors has also been demonstrated by
violent crimes in patients with schizophrenia whose parents
who have committed crimes [20].

Biologically, genes associated with novelty seeking
personality trait, impulsivity, or attention deficit hyperactivity
disorder (ADHD) [21] have been studied. Polymorphism of
the gene that synthesizes COMT, one of the enzymes
involved in genes of these traits, is involved. The
polymorphism of this gene consists of replacing Val with
Met at the level of codon 158 located on chromosome
22q11.1-q11.2 [22]. Since the Val allele is associated with
higher enzyme activity than the Met allele, this leads to a
reduced metabolic activity of the COMT enzyme by 3-4
times, along with dopamine increase.

Other candidate candidates relevant for the study of
aggression in schizophrenia are the MAO-A, involved in
the dopamine and serotonin metabolism and dopamine
receptor D4 (DR4) gene associated with exploratory
temperament [23]. If some studies have shown that in the
case of MAO-A, the frequency of an allele with 3.5 and 4
repetitions (high-activity variants) was identified [24],
others did not find this association [25].

Suicide in depression
Suicide ranks first among young people worldwide

(WHO), with nearly 1 million young people committing
suicide each year [26].

The involvement of the serotoninergic system in
depression and suicide has been mentioned for a long time,
the first research indicated the reduction of 5-HT, 5-HIAA
metabolite levels in CSF [27]. Serotonin decreases by a
reduced signalling of the serotoninergic system (receptors,
serotonin transporters, enzymes) is associated with
suicidal behaviour. Suicidal patients have been found to
have an increased number of 5-HT1A postsynaptic receptors
in the prefrontal cortex [28]. Depression and suicidality
have also been associated with an increase in the activity
and number of 5-HT2A receptors in the prefrontal cortex
and hippocampus [29].

Mention must be made of the biochemical studies that
highlight in CSF: reduced levels of serotonin (5-HT) and 5-
Hydroxyindoleacetic acid (5-HIAA) especially in repeated
suicide attempts [30]. Post-mortem studies show a
decrease of the number of serotonin transporter sites in
brainstem, prefrontal cortex, hypothalamus, the method
characterized by an increased validity as against the
decrease of the amount of 5-HT and 5-HIAA in the
brainstem, as the rate of metabolism of these products
after death is not known [31].

Remarkable alterations of cellular signalling systems -
phosphatidyl-inositol and AMPc-adenyl cyclase in the
prefrontal cortex of suicidal victims [32], decrease of
phosphokinase C activity, decrease of phosphokinase A
activity and low protein G activity. Autoradiographic studies
reveal the increase in density and the ability to bind 5-HT1A
and 5-HT2A receptors in the ventromedial prefrontal cortex
[33], as a mechanism to compensate for the decrease in
serotonergic transmission or, in the case of 5-HT2, to
increase gene expression as well as the decrease in the
binding capacity of serotonin transporter receptors 5-HTT
in the prefrontal cortex [34].

Enzymatic research has also revealed a low
immunogenicity of TPH (tryptophan-hydroxylase) enzyme
in the cerebral cortex [35] or increased [36], as a
compensatory mechanism, so that molecular genetics
studies to point to the polymorphism of the TPH gene [37],
the SERT gene [38], the 5-HT1A gene [39], the MAO-A gene
in suicidal depressive patients [40].

The polymorphism of the gene encoding the serotonin
transporter in neuronal 5-HTT leads to 2 variants of alleles
having a different activity and size: a long (L) allele with 16
repetitions and one short (S) with 14. The S allele reduces
the activity of the transporter along with the decrease of
mRNA and 5-HTT expression. The SS variant of the allele
produces a decrease in serotonin transporter transcription,
which was associated with an increased risk for affective
disorders [41].

Experimental part
Materials and methods

The research was conducted at the Gheorghe Preda
Psychiatric Hospital in Sibiu. 52 patients aged between 18
and 35 were included in the study and who were diagnosed
with the diagnosis of Schizophrenia, Bipolar Affective
Disorder and Major depressive disorder according to the
DSM-5 criteria [42].

To measure the severity of psychiatric symptoms,
symptoms of schizophrenia and depressive symptoms, the
following instruments were used: Brief Psychiatric Rating
Scale (BPRS), developed by Overall and Gorham (1963)
[43]; a score between 0-9 - no syndrome,10-20 - minor
syndrome, +21 - major syndrome.

The Beck Depression Inventory was developed by Aaron
T. Beck [44], containing 21 items; the score can range
from 0 to 63 and indicates: 0-9 - normal patient, 10-15 -
mild depression, 16-23 - moderate depression, 24-63 -
severe depression.

Evaluation of aggression in the patients included in the
study - heterogression in patients with Schizophrenia and
autoaggression in patients with Bipolar Affective Disorder,
Depressive Episode and Major Depressive Disorder - was
achieved with the following scales: 25-50 - rather a
peaceful person; 50-70 - sometimes reacts violently; 76-
100 - there are enough occasions when he/she reacts
violently; 101-125- he/she very hard controls the aggressive
behaviour.
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The aggression of patients diagnosed with schizophrenia
was assessed using the questionnaire of Arnold Buss and
Mark Perry (1992) [45].

Suicide Intent Scale (SIS) was invented by Aaron T. Beck
to be used in patients who have had suicidal attempts but
survived; the total score of the scale ranges from 15 to 45
and indicates: 15-19 low intent; 20-28 moderate intent;
29+ increased intent [46].

Results and discussions
The socio-demographic analysis of the group of young

patients included in the study showed the following
configuration: 56% are males and 44% females, 52% are
from rural areas, 48% from urban areas; according to
educational level, 71% have middle education, 23% are
employed, 75% are unmarried, 17% are married, 8% live in
concubinage.

Regarding the severity of aggression in the study
patients (Buss Perry scale), male gender is higher than
female gender: higher percentages in males (35 and 10%)
than in females (16% and 0%) in the range 76-100 and
101-125, respectively (fig. 1).

During adolescence, testosterone modulates
dopaminergic tone in the black substance by increasing
the level of enzymes regulating the synthesis and
metabolism of dopamine, which shows an increase in
dopamine use and turnover in this area. A study conducted
on male mice at adolescence revealed the regulation of
TPH, COMT, MAO-A, MAO-B through estrogenic nuclear
receptors. In several studies, substitution with testosterone
increased COMT activity in both cortex and striatum [52].

Although most patients with schizophrenia are not
violent, although there is an increased risk of aggression in
them. There is a significant positive correlation between
BPRS values (severity of psychiatric symptomatology) and
Buss Perry scale (aggression) (r = 0.302, p <0.05) (table
1).

From a neurochemical point of view, these anomalies
also have as a substrate an imbalance of dopamine and
serotonin. In the prefrontal cortex of aggressive patients,
serotonin is low while dopamine is elevated. Dopamine is
involved in the initiation and manifestation of aggression,
and elevated levels of dopamine have been identified in
impulsive and psychotic patients; hyperdopaminergia is
able to decrease the capacity of inhibitory circuits, thus
appearing aggression [53].

There is a multitude of pharmacological evidences that
associate dopamine and impulsivity. Thus, dopaminergic
agonists increase motoric impulsivity [54], certain drugs
of abuse increase the extracellular levels of dopamine and,
consecutively, increase the impulsive behavior [55], while
hyperdopaminergic disposition in mania and other
psychoses are manifested by impulsivity symptoms that
respond to antipsychotic medication [56].

Serotonin modulates prefrontal cortex activity;
aggressive behavior was correlated with the decrease in
5-HIAA level in the CSF, a serotonin metabolite [57].
Decreased serotonin in the prefrontal cortex and anterior
cingulate lobe in impulsive patients leads to low cortical
control [58]. During an aggressive confrontation, serotonin
decreases in the prefrontal cortex up to 80% [59]. The 5HT2A
receptor may be involved in aggressive behavior, the
availability of the 5HT2A receptor is higher in aggressive
patients than in non-aggressive or control cases [60].

In a study of 132 patients with schizophrenia and 80
control subjects, there was not registered a high degree of
aggression in COMT carriers with low-activity allele, but
also in those who exhibited psychotic symptoms and
important cognitive deficits [61]. Hence, aggression in
schizophrenia is associated with increased tonic
dopaminergic activity and cognitive inflexibility. The same
author also conducted other studies that investigated the
relevance of the 5-HTTPR serotonin transporter in terms of
aggression in schizophrenia, but COMT polymorphism
remains the most plausible clinical hypothesis since it is

Fig. 1. The severity of aggression in the study patients

These data are in line with the study conducted by Heinz
Hafner: the manifestations of schizophrenia do not
essentially differ between men and women. In contrast,
there are major differences in young age. Men do not have
the protective effect of estrogen, which reduces sensitivity
at D2 receptors level, with therapeutic effects on both
negative and positive symptoms. As a result, men have a
greater potential for aggressive behaviour [47].

A study of 90 boys aged 9 years has shown that high
levels of androgens are a biological marker in relation to
individual differences in aggressive behavior [48]. For a
proper diagnostic it is important to have the values of these
hormones  correctly determined.[49, 50] Testosterone
alters neuronal activity, in the sense of increasing dopamine
levels and decreasing serotonin levels [51].

Table 1
CORRELATION BETWEEN BPRS VALUES AND

BUSS PERRY SCALE
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associated with the increase of the psychotic symptoms
of these patients [62].

From the analysis of the severity of depression in patients
with Major depressive disorder and Bipolar affective
disorder, depressive episode it is noted that its severity is
higher in the female gender. Figure 2 shows that women
had higher scores of moderate depression (58%) and severe
(26%) than men (37% and 25%, respectively).

of severe depression also correlated with suicidal behaviour
[70].

In a study conducted in 2004 in Sibiu on 47 patients
presenting Non-fatal self-harm acts, there was a significant
negative correlation between age and the score of the
subscale Fear of Social Disapproval (r = - 0.422, p<0.01),
one subscale of Reasons for life Inventory [71].  This
negative correlation could express a decrease of social
disapproval at young people, maybe a prove of self-
confidence in front of the society expectancies [72]. This
fact may facilitate the suicidal behaviour at youth.

The fact that our study does not demonstrate the
correlation between the severity of depression and suicide
intent may be based on the impulsivity in these patients;
studies have shown that psychiatric symptoms are less
severe in patients performing impulsive suicidal attempts
[73]. In addition, impulsivity is the basic feature of suicide
attempts specific to younger age [74].

Conclusions
This study found that aggression is higher in young male

patients with schizophrenia. Aggression in males is
associated with the presence of testosterone, and in
patients with schizophrenia, it is potentiated by psychotic
symptoms and impulsivity, which are based on increased
dopaminergic transmission in the mesolimbic pathway
and serotonin decrease in the prefrontal cortex.
Determining aggression in schizophrenia is possible due
to COMT polymorphism by replacing Val with Met at the
level of codon 158 located on chromosome 22.

This association is demonstrated by the significant
positive correlation between the severity of symptoms of
schizophrenia (BPRS score) and aggression (Buss Perry
score). This correlation can also be explained by the fact
that psychotic episodes, and especially those with severe
intensity, can be accompanied by aggression, mainly
occurring in youth.

In young depressed patients, there was registered a
higher intensity of depression in females. This result is
consistent with numerous studies conducted on depressed
patients of any age, where the prevalence of depression in
women was primarily associated with hormonal factors
and to some extent with race, ethnicity, or socio-economic
factors. In many studies, the polymorphism of the gene
encoding the 5-HTT serotonin transporter is incriminated,
with the creation of two allele variants, the SS variant
decreases the transcription of this transporter.

Correlation of depression intensity in young patients
(Beck score) with suicidal intent (SIS score) and expressing

The study by Parker G. recorded marginal and
insignificant results with regard to the severity of
depression symptoms which are higher in women than in
men. Thus, there was only a greater prevalence of
depressive symptoms in the female patients diagnosed
with bipolar disorder [63].

The prevalence of major depressive disorder is higher in
women than in men; in 2010, the annual prevalence was
5.5% for women and 3.2% for men, which means an
incidence 1.7 times higher in women. The ratio between
prevalence rates of depression in both genders is similar in
the developed countries, and globally it results that this
difference is due to gender biology characteristics, and less
due to race, culture, diet, socio-economic factors [64].

Moreover, depression is twice as prevalent in young
women than in men aged 14-25 years, this ratio decreasing
with age, thus pleading even more for gender differences
[65]. The results of the studies indicate that the sudden or
sustained decrease in estrogen, as well as the fluctuating
levels of estrogen correlate with affectivity disorders [66].

Both estrogen and progesterone have been shown to
alter the serotonin response to SSRIs. Experiments on
Macaccus Rhesus have shown that sex hormones interact
with 5-HTT functional polymorphism by influencing the
response to SSRI [67]. In human studies, an association
was found between the functional polymorphism of the
serotonin transporter gene 5-HTTLPR and the
antidepressant efficacy in postmenopausal women [68].

Regarding suicide intent measured by the SIS scale, the
following results were observed: men have a moderate
suicide intent of 50%, increased by 12%, while women
have a moderate suicide intent of 33% and increased by
17%.

It has not been shown that there is a significant positive
correlation between the severity of the depressive
symptomatology and the degree of the suicide intent (table
2).

Many studies reported that more than two-thirds of those
who committed suicide (complete suicide or attempted
suicide) experienced depressive episodes at the time of
the dead [69]. The suicidal ideation, which is the key point

Table 2
 CORRELATION BETWEEN THE SEVERITY OF THE DEPRESSIVE
SYMPTOMATOLOGY AND THE DEGREE OF THE SUICIDE INTENT

Fig. 2 The severity of depression in patients



http://www.revistadechimie.ro REV.CHIM.(Bucharest)♦ 69♦ No. 6 ♦ 20181548

self-aggression did not show a statistically significant
relationship between the two dimensions. The suicidal
behaviour has a complex determinism, biochemical
factors may influence the occurrence of self-aggression,
but this is modulated by a complex constellation of psycho-
socio-cultural factors.

Abreviations
COMT - catechol-O- methyl-transferase
Met - methionine
Val - valine
MAO-A - Monoamine oxydase A
MAO-B - Monoamine oxydase B
DR4 gene - dopamine 4 receptor gene
CSF - cerebrospinal fluid
5-HT - 5-hydroxytryptamine
5-HIAA-5-hydroxyindoleacetic acid
AMPc - adenozin monofosfat ciclic
5-HT2A receptor - serotonin 2A receptor
5-HT1A receptor - serotonin 1A receptor
5-HTT - serotonin transporter gene
SERT gene - serotonin transporter gene
TPH - tryptophan-tyroxilase
5-HTTPR - serotonin transporter promoter region
SSRI - selective serotonin reuptake inhibitor
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