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Abstract

Oxytocin is a complex molecule involved in a
variety of biological processes at both the central and the
peripheral level. Although its role was initially associated
almost exclusively with birth and breastfeeding, recent
studies are suggesting that in fact oxytocin could be involved
in many other physiological and pathological processes.
In this way, lately there is a growing interest towards a
possible involvement of oxytocin in many etiopathogenic
and psychopathological processes, as for example in the
affective disorders, where the roles of oxytocin are not yet
clearly understood. In this paper we shortly describe the main
aspects regarding the relevance of oxytocin administration
or its mechanisms in the affective disorders, as well as its
relations with the hypothalamic-pituitary-adrenal axis and
cortisol secretion. It seems that although the researches on
the importance of oxytocin in the affective disorders are
rather at the beginning, an increasing number of evidence
is supporting the involvement of oxytocin in the pathogenic
processes of these psychiatric disorders. Still, the studies
covering this topic are still in their early days, and the
results that are trying to understand if there is a major role
of oxytocin in affective disorders are not consistent enough
to draw definitive conclusions and establish with certainty
where the place of oxytocin in the affective disorders
pathology is.
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INTRODUCTION
Lately there 1is an increased interest
in understanding the mechanisms involved in
the pathological manifestations from the main

neuropsychiatric disorders (1-3). In this way, oxytocin
is acomplex molecule involved in a variety of biological
processes at both the central and the peripheral level.
Although its role was initially associated almost
exclusively with birth and breastfeeding, recent studies
are suggesting that in fact oxytocin could be involved

in many other physiological and neuropathological/
psychiatric processes (4, 5).

In fact, as we will show in the present paper,
the role of oxytocin is extremely dependent on the
environmental context in which the organism is at any
given time and should be also considered in a dynamic
relation with other molecules essentially important for
the balanced functioning of a biological system, such
as vasopressin, serotonin, dopamine or cortisol (6, 7).

From the structural point of view, oxytocin
is a neuropeptide consisting of nine amino acids.
Moreover, the pharmacokinetic data on the oxytocin
metabolism showed that endogenous oxytocin, as well
as the exogenously (e.g. intranasally, intramuscular
or intravenous) administered oxytocin is entering
the systemic circulation and attach to the circulating
proteins in a proportion of 30% (4). Also, oxytocin
half-life depends on the administration form (e.g. 1-6
min intravenous and 2 hours intranasally), while its
metabolisation in the liver is done by the oxytocinase
enzyme (8). It is also important to mention at this time
that the oxytocin intranasal form of administration is
able to cross the blood brain barrier, reaching the brain,
where it acts on specific central receptors with some
psychoactive effects (6), on which we are going to
insist later in this report.

Regarding its production, oxytocin is mainly
produced in the hypothalamus, by the magnocellular
neurons of the supraoptic and paraventricular
nuclei, being synthesized from an inactive precursor
in the neurohypothalamus and excreted into the
neurohypophysis where it is stored along with its carrier
neurophysin I. From the hypophysis, oxytocin either
enters the systemic circulation or is transported to other
brain structures by various oxytocinergic pathways and
regulates the activity of other neurotransmitters (10).

Also, other central sources for oxytocin
production are the amygdala, some cortical areas,
the basal ganglia, limbic system, the thalamus, the
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brainstem and the spinal cord (11, 12), while on the
peripheral level the oxytocin is secreted on sites such
as the circulatory system (13), the reproductive system
(14) or the kidneys (15).

Introducing cortisol and the stress system

As mentioned before, it is classically known
that on the peripheral level oxytocin is involved in many
biological processes, mostly related to reproductive
function, such as the stimulation of the uterine smooth
muscle contraction at birth, milk ejection during
lactation, the regulation of the menstrual cycle, could
be a luteinisation factor or intervene in the ovarian
steroidogenesis, spontaneous erection, ejaculation and
orgasm (16) plus other functions such as natriuresis,
kaliuresis, lowering the blood pressure, faster healing
of wounds or reducing serum cortisol levels (12).

However, lately there is a growing interest
towards a possible involvement of oxytocin in many
etiopathogenic and psychopathological processes, as
for example in the affective disorders, where the roles
of oxytocin are not yet clearly understood (4, 5).

Thus, in regards to the connections between
oxytocin and the affective disorders, in the present
report we mainly considered two aspects: the first
one is the complex relationship between oxytocin and
the hypothalamic-pituitary-adrenal axis (HPA), with
the association of this neuroendocrine axis and the
pathophysiology of depression, while the second one is
represented by the involvement of cortisol, stress and
the HPA axis in the etiopathogeny of depression (17,
18).

It is known that both chronic and acute intense
stress cantriggera depressive episode, while the presence
of a stress vulnerability trait may be a significant risk
factor in the etiopathogenesis of depression (19).
Moreover, the importance of stress in depression is
supported by numerous reports demonstrating direct
and indirect links between stress and depression-like
state or indicating chronic stress as a factor in the onset
and maintenance of depression (20). Also, stress is
important in the recurrence of the depressive episodes
and in increasing the actual vulnerability to depression
(21, 22). In addition, stressful events (e.g. childhood
abuse) cause increased vulnerability to stress in a
stressful situation, as compared to subjects without a
history of abuse (23).

However, in addition to the psychological
traits and environmental stress factors, the HPA axis
disturbances and the cortisol levels imbalances are also
very important factors in the pathology of depression.
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Thus, the relationship between stress, HPA
axis and depression is most likely a mechanism that
involves the excessive stimulation of the axis against
the background of psycho-traumatic events that could
lead in the end to complex biochemical reactions that
will release high concentrations of cortisol. In this
entire context, the role of oxytocin appears to be a
modulatory one.

Actually it seems that besides its known
peripheral effects, cortisol seems also to have a role
in the inhibition of the serotoninergic secretion and in
triggering depressive-like symptoms (24). Moreover,
this relationship could be mutual, since some studies
showed that the administration of oxytocin exerted an
inhibitory effect on the secretion of cortisol (25).

Also, other reports showed that more than half
of the depressive cases are showing increased level
of cortisol in the peripheral blood, but generally the
percentage is variable and depending on the type of
investigated patients (26). However, hypercortisolemia
is not present in all cases of depression, and sometimes
the level of cortisol is decreased in depression
occurring after psycho-traumatic events (27). Thus,
hypercortisolemia in patients with depression could be
explained by an exhaustion of the HPA axis, mainly due
to a chronic stimulation in the context of the prolonged
psychosocial stress (28).

These aspects are suggesting, at least in some
of cases, the involvement of cortisol in the depressive
pathology and also the probability of some functional
disturbances for the HPA axis in patients with depression.
Basically, exposure to chronic stress disrupts the
normal function of the axis, which can be an important
pathophysiological mechanism for a susceptibility in
developing depression later in life (29- 31).

The connections between oxytocin and cortisol

Besides the aforementioned aspects, it should
be also mentioned that oxytocin was found to be a
modulator for the neuro-endocrine axis, by adjusting
the cortisol levels especially under stress conditions
(32). In this way, Cardoso et al. demonstrated in a
study published in 2013 a significant decrease of the
salivary cortisol following the intranasal administration
of oxytocin in men performing strenuous physical
exercises (25). Moreover, the modulation of cortisol
level was dose-dependent, since a dose of 48 IU
oxytocin produced a greater decrease of cortisol, as
compared to 24 IU (25).

In addition, in a study conducted on a group
of postmenopausal women, with or without hormone
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replacement therapy, the exposure to a stressful
situation (e.g. Trier social stress test) increased
the levels of oxytocin, cortisol and impaired social
relations, regardless of whether the patients were
receiving or not hormone substitution treatment (33).
In this way, the increased oxytocin levels could be
explained as the result of some increases in cortisol
levels. In other words, cortisol may be a stimulus for
the release of oxytocin, which would also modulate the
peripheral effects of cortisol.

However, we should mention that the oxytocin
functions as anti-stress molecule could also have some
other explanations, considering that various papers
on the oxytocin-cortisol relationship reported mixed
results. In this way, earlier researches in primates,
published in 2005, described the effects of chronically
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administered oxytocin for 8 days in a group of 6
subjects in which the exposure to social stress (such
as containment) for the study group and the controls
increased the concentration of the adrenocortical
hormone only in the control group, with no differences
in cortisol levels observed between the 2 groups,
suggesting that oxytocin can indirectly alleviate stress
reactivity (34).

Thus, as mentioned before, there are some
controversies in this area in research, since in general
various authors showed a diminished reactivity to stress
following the administration of oxytocin, while on the
other side some studies support the opposite effect of
oxytocin when administered early and chronically.
In this way, in an experiment on animal models, the
repeated neonatal administration of oxytocin caused
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Figure 1. Schematic representation for the main interactions between oxytocin, cortisol, HPA axis and some neuropsychiatric manifestations

(modified after 39-43).
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disturbances in the functionality of the HPA axis, with
a consequent increase in the aggressive behaviour
and a low responsiveness of the HPA axis after the
administration of dexamethasone (35). This could be
perhaps explained by the fact that the early induced
imbalance between cortisol and excessive exposure
to oxytocin is causing a long-term disruption in the
functionality of the axis.

Another aspect which could be mentioned in
this context is represented by the fact that the variations
of the cortisol levels during the phases of sleep does
not correlate with the oxytocin level, since the oxytocin
concentration is remaining relatively constant over night
(36). On the other hand, it seems that the manipulation
of oxytocin receptors by the administration of specific
agonists or antagonists in some experimental animals
can change the circadian rhythm phases at light
exposure (37). This could suggest some possible
therapeutic implications of oxytocin in disorders such
as depression, which are also characterized by some
changes of the circadian rhythm (38). However, the
current data on the relevance of oxytocin in insomnia
are quite scarce and more complex studies are necessary
in order to determine the relevance of oxytocin in
sleeping disorders.

In this way, the main connections between
oxytocin, cortisol, HPA axis and some neuropsychiatric
manifestations are presented in Figure 1.

Mechanistic aspects

As mentioned before, the impact of oxytocin on
the HPA axis could be quite significant, but the manner
in which oxytocin is influencing the axis reactivity to
stress varies widely, depending on a broad range of
factors. In this way, the presence of a stress factor, the
intensity and nature of the stressor, the social support,
previous functional integrity of the axis, the presence
of other medical conditions or the type of medication
used could influence in various ways the relationship
between oxytocin and the HPA axis. As said above,
these aspects generated some contradictory data in this
area of research, which could be explained by the fact
that the link between oxytocin and the biological stress
system, represented by the HPA axis and cortisol, is
reflecting only a small part from the dynamics of this
relationship in a living organism that is of course
subject to constant and various changes.

Moreover, the analysis of the relationship
between oxytocin and depression should also include
the specific clinical features of depression. Thus,
perhaps the most relevant clinical changes in depression

68

are mainly referring to the social behaviour, which
marked by obvious social withdrawal, preference for
isolation, diminished communication and interpersonal
interaction (44). Thus, the involvement of oxytocin
in certain mental processes altered in depression and
its psychoactive effects could be quite relevant in this
context,

In this way, the importance of oxytocin in
social behavior is well known (45, 46), as it is involved
in prosocial behaviours such as affiliation, trust,
seeking social support, that are of course disturbed
in depression (47). Moreover, oxytocin mediates
social behaviour causing positive social attachments,
prosocial behaviour, positive social communication
(eye contact, positive nonverbal behaviour, disclosure
of the self, empathy, imitation), trust and emotional
bounding (4, 5).

Also, classical clinical studies demonstrated
before that exogenous administration of oxytocin
leads to pro-social behavior (10) (we will insist on this
aspect in the last chapter of the present report). In fact,
it seems that the biological substrate for the oxytocin
effects in social attachment could be explained through
the cortico-mesolimbic circuit mediation of the social
stimuli (48).

In addition, by following the same line,
the social dysfunction seen in depression and other
psychiatric disorders could be explained by the
disruption of the reward mechanism for the social
interactions. Moreover, previous reports showed that
the effectiveness of this reward mechanism is ensured
through the coordinated activity of both oxytocin and
serotonin in the nucleus accumbens (49, 50).

Also, oxytocin is a major mediator for the
mesocorticolimbic dopaminergic circuit, which is quite
important in the reward mechanisms and exerts various
implications in the addictive behaviours, motivation,
survival, reproduction, eating, drinking or in the sexual
activity (51). In fact, these processes are also greatly
affected in depression, where the patients are generally
showing avolition, decreased motivation, decreased
appetite, reduced libido, anhedonia or even suicidal
behaviour (52).

Moreover, in depression there is a serious
disturbance in interpreting the environmental
conditions, as for example a neutral environment could
be seen as uncertain, negative or hostile. This could
be quite relevant, since some previous studies showed
that oxytocin mediates the interaction of environmental
factors with the individual factors, leading to a certain
type of prosocial behaviour (4, 5). In this way, when
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the environment is interpreted as secure, the pro-social
behaviors are stimulated, while in hostile, insecure or
negative environmental conditions the oxytocin could
even mediate aspects of antisocial behaviour (53).

In addition, the oxytocin relevance for the social
behaviour seems to be influenced by some contextual
factors (such as the presence of a stranger or a friend),
as well as by individual demographic or psychological
factors (e.g. gender, the type of attachment or the
presence of some psychiatric symptoms).

We should also mention that oxytocin interacts
with other hormones and neurotransmitters, or with
the inflammatory processes which are believed to
be involved in depression (54, 55). In fact, there are
studies supporting the idea that oxytocin may be an
important mediator between stressors and biological/
psychological responses in depression (56). Also,
things can get even more complicated in this matter,
since it appears that there are differences between
individuals in terms of sociability, the volume of the
amygdala and the risk of developing disorders such as
autism, depression or anxiety, that can be caused by the
actual polymorphisms of the oxytocin receptor gene
interacting with the environmental factors (57).

In this way, in a study by Lawson et al.
regarding the correlation between anorexia nervosa and
anxious/depressive-like symptoms, it was highlighted
that under food deprivation, the abnormal secretion
of oxytocin correlates with the severity of depressive/
anxiety symptoms. In fact, the study suggested
antidepressant and anxiolytic effects of oxytocin in
food deprivation conditions (58).

In addition, a study published in 2013 by Turan
and his colleagues suggested that oxytocin could be
a biological marker also in the bipolar disorders. In
this way, the authors measured the plasma oxytocin
in bipolar patients which were in the manic phase, in
the depressive phase or in remission, as compared to
control subjects, their results showing a significant
increase in the oxytocin levels for the bipolar patients,
as compared with controls, with the largest increase
being recorded in the patients with mania (59).

Even more, it was previously shown that in unipolar
depression the oxytocin level are decreased, as
compared to people without depression (59).

Therapeutical implications of oxytocin

Considering all the aforementioned aspects
regarding the oxytocin effects, there is an increased
awareness on the possible relevance of oxytocin
exogenous administration in human patients or animal

models of psychiatric disorders.

However, before talking about the psycho-
active effects of oxytocin, we should initially mention
that in analyzing the therapeutic potential of this
molecule in the affective disorders, the administration
method should be carefully considered, as according to
some studies, the oxytocin from the peripheral blood
does not cross the blood brain barrier (60). Thus, it
is generally believed that the oxytocin administration
form should avoid the peripheral path, with intranasal
administration being significantly correlated with
increased levels of oxytocin in the cerebrospinal fluid
(61).

In this way, the possible antidepressant effects
of oxytocin are sustained by some referential studies,
such as the one from 2010 of Chaviaras group on
the antidepressant effect of carbetocin, an agonist
of oxytocin. In this way, carbetocin administration
in some behavioural animal models of depression
showed clearly antidepressant effects, as supported by
specific behavioral indices (swimming vs. immobility
time) (62), which were similar to those induced by
imipramine, a tricyclic antidepressant (63). Also, other
preliminary studies showed that sildenafil molecule,
mainly used in sexual dysfunctions, is also stimulating
the release of neurohypophysial oxytocin and exerts a
clear antidepressant effect (64).

At the same time, some clinical studies
clearly indicated the involvement of oxytocin in other
psychiatric disorders and the possible beneficial effects
of oxytocin administration in depression, anxiety (65,
66), schizophrenia (67), autism (68, 69) or substances
addiction (70).

Still, the effects of oxytocin in the affective
disorders are far from being fully known, although
it seems to play a very important role alongside the
classic molecules involved in their ethiopatogenesis.
This is supported by numerous studies we described in
this small report, but also by the information related
to the particular roles held by oxytocine in the general
protective mechanisms of the organism against the
stress factors.

In conclusion, although the researches on
the importance of oxytocin in the affective disorders
are rather at the beginning, an increasing number of
evidence is supporting the involvement of oxytocin in
the pathogenic processes of these psychiatric disorders.
Still, the studies covering this topic are still in their
early days, and the results that are trying to understand
if there is a major role of oxytocin in affective disorders
are not consistent enough to draw definitive conclusions

69



A. Ciobica et al.

and establish with certainty where the place of oxytocin
in the affective disorders pathology is.
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