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Definition
Oxytocin (OXT) is hypothalamic neuropeptide synthetized in the brain by magnocellular and parvo cellular
neurons of the paraventricular, supraoptic and accessory nuclei of the hypothalamus. OXT acts in central
and peripheral nervous system via G-protein-coupled receptors. The classical physiological functions of OXT
are uterine contractions, the milk ejection reﬂex during lactation, penile erection and sexual arousal, but
recent studies have demonstrated that OXT may has anti-inﬂammatory and anti-oxidant properties and
regulates the immune and anti-inﬂammatory responses. In the pathogenesis of various neurodegenerative
diseases, microglia are present in active form and release high levels of pro-inﬂammatory cytokines and
chemokines, that are implicated in the process of neural injury. A promising treatment for
neurodegenerative diseases involves new therapeutic approaches targeting activated microglia. Recent
studies have reported that OXT exerts neuroprotective eﬀects through inhibition of production of proinﬂammatory mediators, and in development of correct neural circuitry. The focus of this review is to
attribute a new important role of OXT in neuroprotection through microglia-OXT interaction of immature
and adult brain. In addition, we also analyzed the strategies that could enhance its delivery in the brain to
ampliﬁcated its positive eﬀects .

1. Introduction
Oxytocin (OXT) is expressed ﬁrstly as an inactive precursor by the OXT gene located on chromosome 20.
After undergoing a series of post-translational hydrolysis, this inactive precursor is converted to an active
OXT[1]. OXT is synthesized along with its carrier protein neurophysin I. OXT is put into vesicles and axonally
carried into the nerve endings in the neurohypophysis, where it is either stored or released into the
bloodstream[2][3].
OXT is also synthesized in various peripheral tissues such as placenta, uterus, corpus luteum, amnion,
testis, thymus, pancreas and kidney[4].

2. Receptor
OXT binds to the oxytocin receptor (OXTR). The OXTR is a 389-amino acid belonging to the G-proteincoupled transmembrane receptor superfamily[5]. The human OXTR gene is located on chromosome 3 at
locus 3p25.
The OXTR is bound by OXT, a neuropeptide composed of nine amino acids (Cys-Tyr-Ile-Gln-Asn-Cys-ProLeu-Gly). The secondary structure of OTX is formed by a ring, with a disulphide connection between the
ﬁrst and sixth cysteine, and has a very short tail comprising three amino acids. Studies conducted in an in
vitro analyzing homology model, a test of mutagenesis and pharmacological aspects[6][7][8][9][10] have
shown that while the tail interacts with the OXTR regions exhibited in an extracellular space, the cyclic part
reaches the deep part of a receptor’s transmembrane core, where it has an interaction with residues
located in TMH5 and TMH6.
The site of oxytocin receptor mRNA in the brain oﬀers a possibility to see the distribution of oxytocin
binding[11], providing an accurate map of the anatomical geography of the oxytocin system in the brain.

Seminal animal researches using histochemical and immunohistochemical techniques have shown high
concentrations of OXTR mRNA in the hypothalamus, ventral pallidum, amygdala, olfactory bulb and the
dorsal vagal nucleus in rodents [12][13]. OXTR mRNA sites in rodent brains re well-known[14], but their
anatomical distribution across the human brain is poorly understood.
A growing body of evidence suggests that changes in the epigenetic regulation of the oxytocin receptor
gene gives the oxytocin system ﬂexibility in response to various events, particularly in childhood. Indeed, a
large number of recent studies have shown a single-nucleotide polymorphism association in oxytocin
receptor genes and the social behavior and pathogenesis of psychiatric disorders[15].
Expression and binding of the OXTR in rat and mouse brains using radiolabeled ligand have been described
previously[16]. Recently, a binding approach showed that commercially available radioligands can be used
in combination with selective competitors to reveal speciﬁc distributions of both OXTR in postmortem
human brain tissue. However, despite recent eﬀorts, there are currently no in vivo neuroimaging agents for
OXTR for PET imaging (Positron Emission Tomography), a technique that would be invaluable in research
using humans and nonhuman primates)[17].
The activation of OXTR is associated with the activation of a number of various intracellular cascades of
events that facilitate the OXT pathway[4]. OXTR is expressed within the peripheral organs and centrally in
the brain[18]. Quintana et al. very recently identiﬁed the anatomical distribution of the oxytocin pathway of
mRNA expression in the human brain in order to identify its functional importance and supposed gene
interactions. They found that the oxytocin signaling system acts synergistically with dopaminergic and
muscarinic acetylcholine signaling systems by exerting its complex eﬀects on comprehension[19].
The OXT pathway is a multifaceted system associated with various biological functions. An increasing
number of studies have reported the importance of the oxytocin system in the human development[20][21],
modulation of pain processing[22] and feeding behaviors[23]. OXT has an important role in bird-related
phenomena, and it is normally used clinically for the induction and increase of labor [12]. OXT is implicated
in the contraction of smooth muscles during parturition and lactation. OXT is also involved in tolerance,
cognition, adaptation and sexual and maternal behavior, as well as in the regulation of cardiovascular
functions[24].
In addition, OXT was found in many areas of the brain and functions as a neurotransmitter that modulates
a variety of social behaviors such as social cognition, nurturing and social bonding[25][26][27][28][29]. Further,
OXT has been shown to have both antidiuretic and vasodilatory eﬀects leading to an increased cerebral,
coronary and renal blood ﬂow[30][31][32].
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