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Introduction
Oxytocin is a non a-peptide hormone containing nine amino acids, 

with one disulphide linkage between the 1st and 6th cysteine residue. 
It is also called as α-Hypophamine. Half-life is found to be minutes. It 
is known to be the 1st polypeptide hormone that has been sequenced 
and synthesized biochemically. It is synthesized in the magnocellular 
neurosecretory cell bodies of both supraoptic and paraventricular 
hypothalamic nuclei and is stored in hypothalamo-hypophyseal 
tract until it is released into the blood. It is mainly secreted from 
the neurosecretory cells of paraventricular hypothalamic nucleus.1 
Oxytocin is synthesized as a large molecule, the prohormone system 
called oxytocin – neurophysin I complex. The prohormone is then 
packaged in the Endoplasmic Reticulum and Golgi apparatus in 
a secretory granule that is membrane bounded in the cell bodies of 
both paraventricular and supraoptic nuclei. It is then transported intra 
axonally to the axon terminals located in posterior pituitary.2–4 Herring 
bodies at the axon terminals stores this complex until there the arrival 
of a stimulus. When a suitable stimulus reaches the posterior pituitary 
from hypothalamus, oxytocin is released into the blood. Oxytocin is 
secreted in both males and females.5

Before release of oxytocin, it is cleaved from neurophysin 
I. It occurs mainly by the action of enzyme peptidylglycine α–
amidating monooxygenase.6 In addition to magnocellular neurons of 
hypothalamus, it is also present in the nerve endings which project 
on to brain stem, spinal cord and gonad.7 With the help of HPLC 
and radioimmunoassay, an oxytocin like peptide was detected in the 
testes of both humans and rats. Various studies provide demonstrative 
evidence to prove local synthesis of oxytocin within reproductive 
tract. In the case of female buffaloes and cows, oxytocin is also found 
to be synthesized from the corpus luteum.8 The production of this 
hormone from other local areas suggest its paracrine activity near the 
sites of production.9 As per the previous reports the other non-neural 
sites of oxytocin synthesis include, epididymis10,11 interstitial cells of 
Leydig,12 prostrate,13 adrenal medulla,14 placenta,15 retina,16 thymus,17 
pancreas18 etc. It is also known that oxytocin receptors are present 
in the reproductive tract of both sexes and they are accepted as key 
paracrine regulators in both males and females.

Mechanism of action
Currently, oxytocin is known to have only a single receptor.19 It is 

a member of the rhodopsin-type (class I) G-protein-coupled receptor 

(GPCR) family. It is coupled to phospholipase C through Gαq11.20,21 
Once Oxytocin binds to its receptor, it gives rise to a cascade of 
reactions that finally activates the enzyme Phospholipase-C. This 
enzyme produces ITP (inositol triphosphate) and DAG (1, 2-diacyl 
glycerol) and also activates intracellular Ca++ release, which in turn 
set off various cellular events.9 

The Ca++ binding protein in myometrium called Calmodulin 
binds to Ca++ in order generate Ca++-Calmodulin complex. This 
complex later on stimulates Myosin Light Chain Kinase (MLCK) 
enzyme to cause contraction of smooth muscles. The reason for this 
indirect action of Oxytocin is its stimulatory action on the synthesis 
of PGF2α.22 Because of its ability to induce contraction of myometrial 
smooth muscles, both the activation and the inhibition of oxytocin 
receptor have long been targeted in the management of dysfunctional 
and preterm labours respectively.

Function of oxytocin
Oxytocin is acknowledged as a female hormone. The term oxytocin 

is derived from Greek word meaning ‘quick birth’. It performs a wide 
variety of functions. The pituitary gland secretions are responsible 
for the peripheral functions of the hormone. The secretions from 
centrally projecting Oxytocin neurons that differ from those that enter 
posterior pituitary or that are collaterals from them are responsible 
for its behavioural effects.23 It is believed so because the Oxytocin 
secreted from pituitary gland cannot re-enter brain as it cannot cross 
the blood-brain barrier.

Functions related to reproduction

Parturition and uterine contraction: Oxytocin causes contraction 
of uterine muscles and is commonly used to induce labour in clinical 
practice. Oxytocin acts on uterus already primed by oxytocin, at 
the time of parturition. Towards term, oxytocin secretion gradually 
increases and reaches its peak just before parturition. Also, number 
of oxytocin receptors increases in the uterine muscles. Due to 
increased plasma level of oxytocin and increased sensitivity of uterus 
to oxytocin, uterus contracts vigorously leading to expulsion of 
foetus. Thus oxytocin initiates and completes parturition. Parturition 
is a neuro-humoral reflex.24 During the first few weeks of lactation, 
Oxytocin that is released due to sucking by the infant leads to mild 
but often painful contractions. This later on serves to assist uterine 
involution. However Oxytocin is essential for milk ejection.25
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Abstract

Oxytocin is a neuropeptide containing nine amino acids produced by paraventricular and 
supraoptic nuclei of hypothalamus. Oxytocin is derived from a Greek word ‘oxutokia’ 
meaning sudden delivery and it is well known for its role in parturition and lactation. In 
addition oxytocin performs a wide spectrum of functions. Oxytocin is a hormone with great 
potential and it is a great facilitator of life. The purpose of this review is to cover almost 
all the functions of oxytocin - reproductive functions, social functions, role in human 
behaviour and other biologically significant functions..
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Milk ejection: Discharge or expulsion of milk from the breast of 
mother into mouth of baby when baby suckles during breast feeding is 
called milk ejection reflex or milk let-down reflex. Action of Oxytocin 
at the mammary glands causes ejection of milk into the sub areolar 
sinuses, from where it is excreted. As the baby suckles at the nipple, 
an impulse is generated and is transmitted to the hypothalamus via 
spinal nerves. This nerve signal causes Oxytocin secretion from 
the neurosecretory magnocellular nerve terminals of the posterior 
pituitary. The direct effect of Oxytocin on the myoepithelial cells 
surrounding the milk cistern causes these cells to contract and propel 
milk towards outside. Oxytocin is also believed to cause an indirect 
effect on milking through the hormone, prolactin (PRL).26

Sexual behaviour: Studies show that, injection of Oxytocin into the 
cerebrospinal fluid causes spontaneous erections in rats9 and reflex 
actions in the hypothalamus and spinal cord. Oxytocin receptor 
antagonists that are administered centrally prevent non-contact 
erections. Oxytocin antagonists’ administration to study the effect of 
Oxytocin on sexual behaviour in female rats showed that this hormone 
increased sexual responsiveness in them.27

Oxytocin receptors are found in the corpus cavernosum and 
epididymis of the penis in men. Therefore, binding of the hormone 
to these receptors in these areas may significantly have an impact on 
contractility28 and subsequent ejaculation.29 The amount of plasma 
oxytocin is found to increase during sexual arousal, and also orgasm 
can markedly raise the plasma levels of the hormone in men.30 
Intranasal inhalation of oxytocin in men significantly increases 
plasma levels of oxytocin and epinephrine for minimum one hour, and 
also tend to increase self-perception of arousal during masturbation.31 
As suggested in a recent case study, In addition, intranasal oxytocin 
administration during coitus may aid in treating anorgasmia in men in 
cases where medical conditions, drug abuse, and psychological issues 
have been excluded.32

The primary aim of oxytocin treatment in women is to induce 
labour, as it aids in the contraction of uterus.33 It is also known to ease 
breast-feeding, due to its milk-let down action.34 In a case study it was 
reported that the intranasal inhalation of oxytocin in order to facilitate 
breast-feeding increases lubrication of the vagina and arousal.35Also 
in women, oxytocin level elevates during sexual excitement and are 
further increased by orgasm.36,37

Role in reproduction: Penile erection is essential for successful 
reproduction. Oxytocin is known to be one of the most potent inducer 
of erecting penis in man.26 Neurons within the paraventricular nucleus 
responsible for oxytocin secretion that project into extra hypothalamic 
areas, mainly spinal cord are involved in this action of the hormone. An 
Oxytocin based reflex arc similar to milk let down reflex in females, 
transmits somato-sensory signals from penis to hypothalamus.38 
Oxytocin of hypothalamic origin is highly related with ejaculation.30,39 
Certain postulates states that oxytocin has been found to modulate 
contractility of male reproductive tract in order to modulate sperm 
transportation and maturation26 and also the process of spermiation.40 
The action of oxytocin on muscle contractibility may accelerate sperm 
and egg transport. Reports suggest an increase in plasma levels of 
oxytocin during orgasm in both the sexes30. Oxytocin may assist in 
regulation of testicular steroidogenesis. It also possesses an influence 
on conversion of testosterone into dihydrotestosterone.41

Role in social functioning

Oxytocin is involved in the regulation of a wide variety of 
intertwined behaviours. Oxytocin has a role in regulating the social 

behaviours of many species, and so can also influence the social 
behaviours in humans. Oxytocin helps in the emotional bonding 
between humans and dogs. Across species, Oxytocin is necessary in 
modulating the formation of social memories, and also expression of 
aggressive and affiliative behaviours.42

Social memory and social recognition: An aspect regarding social 
behaviour is social memory, the ability to recognize and differentiate 
between individuals.43 Recognition and the ability for differentiation 
between individuals is vital for everyday life. Without the ability to 
identify friend from foe, it is impossible to display the appropriate and 
suitable behaviours no matter whether it is affiliative or aggressive. 
Central oxytocin administration enhances social memory in male44,45 
whereas an oxytocin receptor antagonist blocks social memory 
in female and male rats.44–46 Data from clinical studies reveal that 
oxytocin promotes face recognition in humans. Further investigation 
of social memory will provide more detailed analysis of the importance 
of Oxytocin in social memory.47

Affiliation and social bonding or parental behaviour: Older 
studies conducted in animals demonstrated oxytocin’s capability 
to induce maternal behaviour48 and its significance in creating pair-
bonds,49 arranging the stages for investigations of oxytocin’s role in 
social bonding and attachment. Markers of the oxytocinergic system 
have been found associated to parental behaviour and parent-infant 
relationship and bonding. For example, high levels of endogenous 
oxytocin during the postpartum period are linked with intensified 
mother-infant bonding.50 Along with these findings; it was also evident 
that, higher levels of oxytocin in plasma and saliva in mothers and 
fathers were positively correlated with the parents and child’s social 
engagement, affect synchrony, and also positive communicative 
sequences between parent and child.51

Anxiety: Oxytocin can also function as an anxiolytic agent as it 
decreases stress hormone release in both humans52 and rats.53 Animal 
research has demonstrated relationships between oxytocin’s role in 
anxiety and social behaviours. For example, under stress oxytocin 
causes rodents to maintain closeness with familiar rodents.54 
Specifically, anxiety-provoking stimuli activate the oxytocin system 
by increasing oxytocin neuronal activity, oxytocin gene expression 
and peripheral release of oxytocin.55 The acute and chronic anxiolytic 
effects of oxytocin have been demonstrated in a number of rodent 
study. Oxytocin in humans can work to reduce anxiety by increasing 
recognition and feelings of affiliation.56 Lower oxytocin levels of 
plasma reported in humans with depression.57 Oxytocin released from 
brain also appears to reduce stress responses, including anxiety. These 
effects have been noticed in a variety of species. Oxytocin has the 
ability to evoke feelings of contentment, cause a reduction in anxiety, 
and feelings of calmness and security around the mate.58

Love and trust: Different studies done previously have already 
revealed a correlation of Oxytocin with human bonding, and that 
it increases in trust and decreases in fear. The oxytocin amounts in 
blood rises during hugging and orgasm. People in their first stages 
of romantic attachment had increased levels of oxytocin, compared 
with those of non-attached single people. These levels remained 
stable for a minimum of 6 months. .It was firm that there was a 
positive correlation between plasma levels of oxytocin and romantic 
attachment between adults. Thus, this hormone is sometimes referred 
to as” love hormone”.59 Oxytocin also enhances feelings of generosity, 
trust, and may help in the recognition and understanding of others’ 
feelings.60
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Implications in human behaviour

Autism: Autism spectrum disorder (ASD) is a type of brain disorder 
that onsets during early childhood. The characteristics of this disorder 
include core social communication impairments as well as restricted, 
repetitive behaviours, which threaten the formation of appropriate 
social skills and the conservation of social relationships.61,62 The 
positive correlation between oxytocin and formation of social bonds in 
animal studies has made many to believe that oxytocin abnormalities 
may play a role in autism. Actually, various studies indicate that 
single nucleotide polymorphisms (SNPs) in oxytocin is linked with 
ASD.63 Infusion of oxytocin intravenously into adults with autism 
markedly reduces both number and severity of repetitive behaviours 
and also can enhance memory. Oxytocin therapy has the ability to 
reduce suffering in ASD patients by enhancing quality of life through 
improved social potentials.64 Administration of Oxytocin intranasally 
was found to increase emotion recognition65 and improvement of 
social behaviour.66

Schizophrenia: A disorder that affects a person’s ability to think, 
feel and behave clearly is referred to as schizophrenia. People with 
schizophrenia may be like that they have lost their ideas with reality. 
It is one of the most disabling type of a psychiatric disorder, with a 
small proportion of patients troubled with this disorder possible to 
maintain independent function.67 Several early reports indicate that 
treatments with oxytocin induced sudden therapeutic results and was 
stayed away from hospitalization in patients with schizophrenia,68 
where its potential action was by working as a “psychic energizer” 
thereby reversing energy, apathy, and depression.69 Oxytocin produced 
importantly greater therapeutic actions across a broad spectrum of 
symptoms that included both positive and negative symptom groups 
that were based upon changes in the Positive and Negative Syndrome 
Scale (PANSS). Clinical Global Impression (CGI) scores also were 
significantly found improved with oxytocin.

Eating behaviour: Several studies conducted in animals specifies 
that oxytocin is a powerful regulator of caloric intake and metabolism. 
A single dose of intranasally administered oxytocin seems to reduce 
male caloric intake, and these effects could become greater in them 
with the degree of obesity. Intranasal oxytocin acutely increases the 
burning of fat in order to use it up as a fuel for the bodily needs, but 
effects of the hormone in supplementing energy expenditure have not 
yet been manifested in man. In a pilot study conducted of 8 weeks 
duration, administration of intranasal oxytocin in a small group of men 
and women with overweight or obesity made to cause a considerable 
loss in their body weight. While emphasizing about the effects of the 
hormone irrespective of body weight, oxytocin might help to improve 
glucose homeostasis. Oxytocin also put forward some kind of novel 
therapeutic targets for both obesity and metabolic disorders.70

Other implications

In feeding and grooming: Oxytocin helps in the regulation of 
food and water intake. Generally, Oxytocin suppresses food intake. 
Oxytocin acts as a’ satiety hormone’. Centrally-administered 
Oxytocin and Oxytocin agonists strongly inhibit feeding.71 Oxytocin 
antagonists prevent this inhibition.72,73 Oxytocin inhibits water intake 
in freely-drinking animals which I dependent on the dosage, also it 
can induce thirst.73 During pregnancy period, hyper-phagia occurs as a 
consequence of decreased activity of magnocellular oxytocin neurons 
that tend to inhibit its release.74

Oxytocin magnifies grooming activity in both the sexes of rats. 

Other studies confirm the relationship and elucidate that selected 
regions of the brain can control grooming behaviour.75 Infusion of 
oxytocin initiates self grooming.9

Cellular proliferation and cancer: The knowledge about the 
connection between oxytocin and cancer is scarce, partly because of 
the lack of appropriate research in this area or due to the inconsistency 
in the current data. Oxytocin modulate mitotic activity in various 
organs. The role of oxytocin in cellular proliferation is found to 
be tissue specific. Oxytocin can act as a factor in differentiation of 
cells, and it is now identified that the neuro-hormone can also serve 
as a growth factor, which can control cell proliferation, with an 
eminent effect on cancer cells. At the same time, oxytocin hinders 
the proliferation of neoplastic cells of the epithelium in mammary 
glands and endometrium, nerves and bone, both exogenously76–79 and 
endogenously.80 The hormone also promotes cell multiplication in 
the trophoblast and endothelium.81,82 Various signalling pathways are 
indulged in these reverse actions.

 The connection of oxytocin’s role to vasopressin and its potential 
action as a biomarker was successively proposed in the year 1990.83 
It was recommended that oxytocin may serve in modulating the 
intensity of growth in breast cancer.84 Also as its role in the mitigation 
of prostate function was already established, its potential part in 
prostate cancer development has also been proposed. Oxytocin can 
serve as a prostate cancer biomarker.85

Studies show that oxytocin restrain proliferation of breast cancer 
cell lines,86,87 Oxytocin was also found to prevent the progression 
of ovarian carcinoma both in vitro and in vivo.88 Some evidences 
precisely implicate oxytocin’s role in carcinogenesis, although its 
explicit effect and underlying processes are still not clear.

Pain perception: Pain is a normal sensation set off in the nervous 
system as a warning signal to the possibility of injury and also the 
need for rest and recuperation. Animal studies reviewed that there 
is relation between oxytocin and pain perception. Oxytocin causes 
analgesia for acute or chronic pain in humans. Oxytocin lowers pain 
threshold in rats. Oxytocin has been recognized recently as a significant 
mediator of endogenous analgesia89,90 and it can reduce frequency of 
headache and pain in chronic migraine.91 It has also been reported that 
oxytocin decreases thoracic cancer pain.92 Decreased concentrations 
of oxytocin seems to be markedly associated with pain, stress, and 
depression in fibromyalgia patients.93 In case of low plasma levels 
of oxytocin it was found that there was a reduced pain tolerance for 
noxious cold and ischemic stimuli.94 Recent research indicates that 
oxytocin along with acupuncture can specifically increase the pain 
threshold. It was also proposed that this association was an active 
process underlying acupuncture-induced analgesia.95,96

Well-being: Oxytocin causes a feeling of well-being such as calm, 
improved social interactions, trust, decreased fear, human bonding 
as well as hormonal and physiological changes.97–99 Oxytocin has the 
ability to induce the feelings of contentment, bring about the decrease in 
anxiety and causes a feeling of security and also calmness in the mate.58 
Oxytocin is also associated with stress linked behaviour, learning 
and even memory.98 The effects of oxytocin causes blood pressure 
reduction, calm and affiliative behaviour. Oxytocin is of potential 
use in well-being and applications in neuropsychiatric disorders.99 
Additional studies reveals that patients with major depression holds 
markedly reduced levels of plasma oxytocin;100 low levels of oxytocin 
in plasma have been correlated with depressive symptoms.57 Oxytocin 
has been proven to serve as a potent antidepressant.101
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Conclusion
Oxytocin is a hormone with variety of functions including 

reproduction, social functioning, implications in human behaviour 
etc .A brief description of each functions are covered in this article. 
Further studies are required to find out the role of oxytocin in cancer 
and eating behaviours.
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