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Synthetic oxytocin (SynOT) (Pitocin®, Syntocinon®) is a drug that is used regularly to prevent and to care post partum haemorrhage in childbirth. On the

other hand oxytocin (OT) is also an important mediator of life processes; it has been defined “the Great Facilitator of Life”. OT may affect behaviors and
physiology to facilitate the propagation of species. Previous studies suggest there is likely to be a high level of OT in the first feed of colostrum after a woman
has received SynOT for this purpose. This apparently transient exposure could have direct effects on the immunological development of the infant gut as, at
this stage of life, the gut is particularly sensitive to OT and is pivotal in the development of the infant’s immune system. The complexities of the developing
immune system are only just being exposed, however, the notion that many autoimmune diseases may develop from this period is increasingly well accepted.
From an epigenetic point of view, the establishment of a suitable commensal biome and exposure to appropriate antigens is essential in this postnatal period.
Furthermore, in the perinatal period, there are times of particular sensitivity in which the correct receptor /hormone ratio develops. If the initial ratio is incorrect,
the receptor/hormone ratio may be damaged throughout the whole life of the individual, this is the called ‘Faulty Perinatal Hormonal Imprinting’. Another
mechanism through which this process could take place is genomic imprinting. These complex developmental processes are critical to the ongoing health of
the infant and are likely to be affected by the amount of SynOT introduced in the first feed. For these and other reasons it is important to evaluate different
drugs to reduce postpartum haemorrhage in low-risk women. With this goal in mind we are currently testing tranexamic acid for post partum haemorrhage
prophylaxis. This review explains the main reasons why, based on the principle of prudence, it is important to evaluate different drugs from oxytocin for

ABBREVIATIONS

SynOT: Synthetic Oxytocin; OT: Oxytocin; PPH: Post Partum
Hemorrhage; TXA: Tranexamic Acid

INTRODUCTION

SynOT given to mothers in the third stage of labour changes
the amount of OT in human milk/colostrum [1-3]. This effect
is probably mediated by a reduction in receptor sensitivity,
as demonstrated at the level of uterine muscle, where, in
biopsy, specimens of myometrium treated with oxytocin were
desensitized to the oxytocin receptor [4]. Furthermore SynOT
significantly decreased the likelihood of the baby suckling while
skin to- skin with its mother during the first hour after birth [5],

With this in mind we have to ask three important questions
that we will try to answer:

1. The different amount of OT in the colostrum/milk could
have effects on the development of the immunological
system of the neonate?

prophylaxis of postpartum hemorrhage (PPH).This article presents conceptual arguments and empirical facts in support of this hypothesis.

2. Could this fact have potential for life-long effects on health
in general, and on autoimmune responses in particular?

3. Could this be part of the reason why we have an auto-
immune epidemic?

The impact of SynOT in the neonate gut on the immune
system of the infant is possible since:

SynOT is transferred from the mother’s blood to the milk
and preserved there [6]. Small amounts of SynOT, particularly
when other hormones like oestrogens are present, can up or
down regulate OT receptors [7]. The gut lining is initially open
to molecules like OT, hence some may pass into the infant’s
system [8], where it can act on the intestine to modulate motility,
secretion, blood flow, cell turnover, and contribute to release of
neurotransmitters and hormones [9]. Indeed, in the gut there
are both receptors for oxytocin and there is also an endogenous
oxytocin production that can be altered by the SynOT coming
from the outside [10]. With a change in OT receptors, the gut
muscles may respond differently to a situation where no SynOT
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is introduced, and will change their response to further exposure
to OT, which will be in breast milk/colostrum [11,12]. A change
in motility will change the time of exposure for a great number
of different bacteria that have to establish themselves in the gut
microbiome. This mechanism is demonstrated in mice [13] but,
there is indirect evidence that it can also occur in humans [14].
SynOT playsacritical rolein the rate of gut repairand maintenance
in the first days of life and in the consequent establishment of
tolerance to environmental antigens, this effect is known in mice
[15], and in hamsters [16]. Changes in the endogenous oxytocin
concentration induced by the administration of SynOT may have
many immunological effects, since it is known that oxytocin has
many effects on the immune system: OT suppresses the mRNA
expression of TNFa, IL-1B, COX-2 and iNOS and elevates [Ca®*]
in LPS-stimulated microglia cells [17,18]. Other possible impacts
include: the development of the ratio of T helper 1 to T helper 2
cells. Currently the bias of pregnancy is recognised as increasing
the proportion of T helper 2 cells and has a tendency to remain
this way in some infants; it is known that breastfeeding stimulates
the proliferation of a well-balanced and diverse microbiota,
which initially influences a switch from an intrauterine TH2
predominance to a TH1/TH2 balanced response, with activation
of T-regulatory cells by breast milk-stimulated specific
organisms [19]. Moreover, the fetal immune system is already
mature and capable of recognizing numerous antigens starting
at least from the second trimester of intrauterine life [20]. We
know that eukaryote cells are able to learn, even at a unicellular
level. This memory is epigenetically executed by the alteration
and fixation of methylation pattern of genes without changes in
base sequences [21]. In the perinatal period, there are so-called
“developmental window”, when drugs and hormones, at different
concentrations, can act on the hormone receptors, determining
the adjustment of receptors to their target hormones, the
relationship of hormones and receptors for life takes place in
this period [22]. If these first receptor hormone contacts are
not adequate, the hormone and its receptor will suffer from an
altered relationship for the rest of life. This phenomenon was
named by Csaba “The Faulty Perinatal Hormonal Imprinting”
[23]. Especially for oxytocin, it has been shown that, in rats,
perinatal single-hormone treatment causes hormonal imprinting
with lifelong consequences in receptor-binding capacity.
Haschem and colleagues have shown that newborn rats, treated
with a single dose of oxytocin, decreased dopamine turnover
in the hypothalamus and decreased serotonin turnover in the
hypothalamus, medulla oblongata, and striatum of females, for
the whole life [24]. Of course, under certain circumstances, and
on subjects with particular pathologies, SynOT can have positive
effects, such as Magel2-deficient mouse mice, suffering from a
high percentage of neonatal mortality, since they had an alterated
onset of suckling activity and subsequent impaired feeding, a
single postnatal injection of oxytocin is able to rescues the lethal
feeding behavior, by allowing mice to survive better [25].

Another mechanism through which this process could take
place is the genomic imprinting. This is a phenomenon which is
still unclear in its molecular details. Some maternal and paternal
genes activate differently, some are silenced and others activated
with an epigenetic mechanism, associated with the need to avoid
heterogeneity and altered gene dosage effects. For example

genomic imprinting in response to environmental stimuli, may be
the driving force of the fetal growth [26]. Many other phenotypic
phenomena in mammals may also be determined by genomic
imprinting [27].

The introduction of SynOT into hospitals across the 1960’s
[28], coincides well with the time and places of the current auto
immunological issues. In first world countries, mothers would
not have breastfed so frequently and artificial uterotonics were
not so widely used in hospitals. There was an increase in breast
feeding numbers in the 1980’s [29], and more recently, feeding
babies immediately after birth has became popular. (The use of
different synthetic uterotonics is also a possible factor influencing
the outcomes here). In some first world countries it seems that the
increase in autoimmune related diseases like asthma has reached
a saturation pattern. It will be interesting to see if these numbers
will fall as women choose not to have active management of
the third stage of labour. There is a general paucity of work
on the levels of SynOT in humans. This may be because SynOT
concentrations are much smaller than most of other measured
hormones and it has a short half-life in the blood stream; it is
pulsatile in its release and the methods used to measure it have
been varied and not all are currently considered reliable [30].
Oxytocin receptor production is also influenced by steroids such
asoestrogens [31],and by otherless well documented local factors
such as some interleukins [32]. These factors may also need to be
considered when investigating SynOT effects in neonates as, for
example, the amount of oestrogens and various interleukins at
birth is different to that of an adult [33,34]. In the bloodstream OT
half-life is 3 to 4 minutes, which results in it having little chance
of impact on the infant. However, it is not the case in breast milk;
in fact, in the highly fatty surroundings of breast milk oxytocin
can last for longer periods of time [6]. These authors also showed
that OT injected into the mother’s bloodstream would accrue in
the breasts and in observing the reduction in OT concentration
in the mammary glands over time concluded that it is likely to
be due to the increased milk production rather than to a change
in OT production. This suggests there may be an even higher
concentration of OT in the small amount of colostrum available
in the first feed than is surmised from samples of breast milk
in the days after birth. It seems likely that some colostrum is
made when the alveolar linings are more permeable prior to
parturition [35], thus making it likely that OT also moves into
the colostrum forming at this stage in the breast, prior to the
decreasing permeability of the alveolar membranes in response
to changes in hormonal levels at birth. We have found no studies
where samples of colostrum have been analysed for OT within
the early hours after birth, from women who have been given
post partum SynOT to insure prevention of PPH, in contrast to
those who have not been given SynOT.

Studies available suggest that the normal, non-pregnant
female and male typically have less than 10pg/ml of OT in blood
plasma [30]. In pregnant females there is a peak of between 9
and 250pg/ml during advanced stages of labour. Lactating
mother’s peakis at about 24pg/ml. It was found that about 12.8%
3H-oxytocin labeled, administered to lactating mothers was
found in the gut lumen of infants, and one third of this amount
crossed into the baby’s plasma [6]. Takeda et al also showed
that OT was highly stable in breast milk and would easily last
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for more than 2 hours. Women given SynOT in the third stage
of labour are likely to have unusually high levels of OT in their
colostrum. It is also important to recognise that infants at birth
are likely to have a high level of oestrogens in their plasma and
in the mother’s milk to which they are exposed, along with OT.
It is known that oestrogens have an impact on the number of OT
receptors expressed [31].

Most women are given 10IUof SynOT in the third stage of
labour regardless of mother’s body mass [36]. This is equal
to about 16.7 micrograms of SynOT recommended for a drip
infusion. This does not include extra SynOT eventually used
for augmentation of labour that is likely to be broken down
as it is given to the mother when she is still producing the
maximum amount of oxytocinase. However it should be noted
that 1 microgram is equal to 1,000,000 picograms(pg). Average
full term female blood volume is 6.5L = 6,500mL so there is
potentially 16,700,000pg/6,500mL = 2,569pg/ml of blood of
SynOT although it may be administered over some time frame.

WHAT HAPPENS TO THE LEVEL OF OT IN WOMEN
DURING LABOUR?

This is not a trivial question and the answer is not clear.
However, data collected in 1978 (Figure 1) showed a marked
fall between the second and the third stage of labour [37]. They
found that maternal plasma oxytocin increases significantly
from the first stage to the second stage of labour, followed by
an equally significant decline in the third stage of labour. At the
time that this study was completed there was a sense that OT was
responsible for the onset of labour. Today the onset of labour is
recognised as a complex scenario, where other hormones are
involved, the foetus is known to send signals to the mother and
there is an element of immune inflammatory response assisting
the changes that occur [38].

It is apparent from this graph that the OT level falls after
the second stage of delivery, when the baby is born, and thus is
relatively low when the placenta is delivered. Current studies
suggest the uterus itself may produce locally manufactured OT,
in response to being stretched and to the hormonal milieu at the
time, especially to estradiol. This could contribute to a sudden
drop in OT levels after chilbirth. It is important to recognise the
increase in OT receptor over this period which increases the
sensitivity of the uterus to OT at this time [39].

Effective use of uterotonics has had a profound impact on the
survival rate of mothers around the world since 1955 when the
first synthetic oxytocin was produced. Therapeutic use of SynOT
does save lives because PPH is a significant cause of maternal
death [40]. Although there has been vast improvements in
managing the loss of life, deaths in impoverished poorly educated
communities have remained high with more than 50,000
maternal deaths world wide in 2012 [41].

Administration of a uterotonic agent, such as SynOT,
immediately after childbirth has been shown to reduce the risk of
postpartum haemorrhage [42]. If SynOT is so efficient in reducing
PPH [43], why has a persistence of elevated OT in mothers not
developed evolutionarily? Generally we make it when needed.
Since it is not occurring naturally, there would seem to be very
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Figure 1 Serial maternal plasma oxytocin during the first, second, and
third stages of labour in 11 women with spontaneous normal labour
and vaginal delivery. In every patient, there was an increase in plasma
oxytocin from the first to the second stage and a fall during the third
stage. The plasma samples taken during the second stage of labour
were timed to coincide with the crowning of the fetal head.” Modified
From Dawood et al.,1978.

strong selective pressure acting against the sustained production
of oxytocin over this period. Could it be that the level of OT in the
newborn gut needs to be low so that the first feed of colostrum
does not contain too much OT and the OT receptors in the gut
are not internalised? When feeding an infant for the first time,
the introduction of the extra SynOT in colostrum may change
the number of Oxytocin receptors along the gut and this in turn
will change the gut sensitivity to oxytocin. This may have long
term consequences for the developing immune system. It has
been shown that long exposure to OT in the uterine muscle,
as well as altering mRNA levels of the OT receptor may cause
internalisation of OT receptors [44]. A biphasic response of
OT Receptor formation in response to the concentration of OT
has been found in gut cells [45], and indicates the sensitivity
of gut cells not only to the presence or absence of OT, but also
to the amount of OT. It could be possible that there is an ideal
concentration of OT in the gut lumen required to get the optimum
effect of OT Receptor development in a neonate; too much or too
little could have unforeseen consequences through both faulty
Perinatal Hormonal Imprinting and immune development. As the
mother will have different OT and oestrogen levels [46], as found
in other mammals [47], it is likely that the cells in the infant gut
will be affected by an unexpectedly different exposure to OT at
this critical stage of development. After studying the regulation of
the OT receptor in peripheral organs, Kimura [48] concluded that
OT receptor is regulated in a very complex manner that is not
yet determined. The role of hormones at levels below regulated
standards with respect to the endocrine-disrupting chemicals
with estrogenic activity has been called into question in recent
years. This is pertinent to this discussion because it emphasises
the relative amount of these hormones that occur naturally and
how they operate in the body in contrast to the manner that
toxicological boundaries are established [49].
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THE IMPORTANCE OF THE NEONATAL GUT ROLE
IN THE IMMUNE SYSTEM DEVELOPMENT

Neonatal immune tolerance is well recognized and has been
described in the past as “defective”, due to the increased tendency
for infants to die from disease [50]. However, increasingly it has
been seen as an essential state for the infant to adopt while the
acquired immune system samples and sorts its responses to the
massive influx of new antigens. The enlarged thymus at this stage
of life, as large to body size as it will ever be [51], indicates the
enormity of the T cell related activity in response to the great
number of new antigens being introduced to the body. In the first
month of life there is a marked increase in the rate of Thymocyte
cell death, observed as early as day 1 after birth [52]. This cell
death has been identified as necessary to increase the T regulation
population [53]. The neonate initially has its mother’s antibodies
reflected in its own system; this is a unique opportunity for the
establishment of tolerance and while this is happening it seems
that the neonate relies mostly on innate rather than on acquired
immunity. It takes two weeks for a new T cell to mature in the
Thymus. Fromthe time aninfantisbornitisexposedtoavastarray
of new antigens, from foods and bacteria to dust and compounds
in the air. The immune response of the infant is assisted by the
mother’s antibodies, particularly Immunoglobulin G mostly
from across the placenta and Immunoglobulin A, transmitted
in the earliest breast feeds, so that it can line the neonate gut.
The interactions that take place at this time have been shown
to be important to maintain health over a life-time [54]. It is
now recognised that the gut is an important organ in immune
system development [55], and this neonatal period is extremely
critical and markedly different from the adult norm. For example,
despite the murine neonatal dendritic cells, having enhanced
Toll Like Receptor responses in contrast to adult counterparts,
in vitro the B cells of these neonates will impair dendritic cell
responses to Toll Like Receptor activation in an Interleukin-10
dependent fashion (Interleukin-10 and T regulatory cells can
maintain tolerance to intestinal microorganisms). It was also
shown that Toll Like Receptors activated neonatal, but not adult,
B cells, and impaired Th1, but not Th2, cell alloimmune responses
in vitro and in vivo [56].The importance of timing can be seen
in many other mammals. For example, in dogs there is a critical
period after birth in which the pup must feed on the colostrum.
It must gain access to the mother’s antibodies and other immune
factors. If the pup is born too early, the mother will not have the
appropriate antibodies in her milk due to the leakiness of the
alveolar lining; if the pup is accessing the milk too late it will
suffer due to its digestive tract closing, and thus not gaining
the appropriate antibodies required [57]. Humans are a little
different since they have gained most of the antibodies directly
across the mother’s placenta; however, the timing of gut closure
and exposure to colostrum are still important.

SYNOT RECEIVED AT CHILDBIRTH CAN HAVE
A LONG TERM IMPACT ON THE INFANT'S
DEVELOPMENT

Interesting are the results of recent studies about oxytocin
effects on neurohormonal maternal system. The studies suggest
that exposure to peripartum maternal oxytocin can alter the
neural response to stimulation of the child [58,59]; neuroimaging

studies indicate that oxytocin supports the sensitive care giving,
in fact breastfeeding mothers have a greater activation of the
insula and of the prefrontal cortex in response to the baby’s
crying. It is shown to be the same for mothers who deliver
vaginally, compared to those who give birth by caesarean
section [60]. Long term effects of OT on neonates have been
demonstrated in diverse areas of research. For example, the
chance of successfully establishing breastfeeding and attachment
patterns of the neonate were shown to be significantly less likely
in women who had received SynOT in the third stage of labour
[61]. There is a direct correlation between the level of SynOT in
infusions with epidural analgesia and the lowest median level
of OT in the mother’s blood plasma when breast feeding on the
second day post partum [2,3]; there was also a significant rise
of prolactin observed after 20 minutes in all women, but after
only 10 minutes in mothers who received OT infusion during
labor. Furthermore intrapartum exposure to SynOT significantly
decreased the likelihood of the baby suckling while skin-to-skin
with its mother during the first hour after birth [5]. SynOT given
to the mother might act indirectly on the infant, through an effect
mediated by maternal depressive symptoms. In fact in mothers
who experienced high levels of psychosocial stress, high levels
of oxytocin are related to a reduction of depressive symptoms
[62]. The data from a study conducted on 288 breastfeeding
mothers undergoing treatment with uterotonic during the third
stage of labor, after vaginal delivery, suggest that the injection of
prophylactic uterotonic may reduce the duration of breastfeeding,
but not the initiation. This may be attributable to SynOT effects
on the physiology of lactation (oxytocin reflex), with consequent
difficulties in attachment to the breast and the production of
milk. The authors conclude that there is the need to explore this
hypothesis with randomized controlled trials [59]. However, it is
known that there is a clear association between the peripartum
administration of SynOT and the subsequent development of
depressive and anxiety symptoms in puerpers [63].

The results of recent studies [64], that investigated the
long-term effects, breast-feeding and maternal mental and
physical balance, where SynOT was administered intrapartum,
on endogenous synthesis of oxytocin, revealed a significant
and positive correlation between dose and synOT symptoms
of depression and anxiety, two months after giving birth. This
was likely to be due to synOT causing endogenous system
dysregulation. The hypothesis is that, as the insulin resistance
in diabetes, after administration of SynOT, can be activated
by positive feedback mechanisms on oxytocin receptors,
responding with a greater production of endogen circulating OT
, and maintaining levels high and persistent after childbirth; it
is also plausible that exposure to SynOT can reset the system to
a higher base level (compensatory mechanism). There has also
been a lot of research on prairie voles and other animals, that
would also suggest that changing the level of OT that a neonate
is exposed to has profound and long term consequences on the
physiology and behaviour of these animals. “Even brief neonatal
exposure to an oxytocin antagonist may disrupt subsequent
social behaviours, including the tendency to form social bonds,
to exhibit parental behaviours, and to manage anxiety or stress”
[65]. In female prairie voles treated with a dose of 3 ug of OT or
OT antagonist on postnatal day 1 a marked increase was observed
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in oxytocin immunoreactivity on day 21 in the supraoptic and
paraventricular nuclei (PVN) of the hypothalamus. In contrast,
males treated with an antagonist tended to have decreased
vasopressin immunoreactivity in the same region. “These results
suggest that the effects of neonatal manipulation of oxytocin
are age-dependent, site-specific and sexually dimorphic” [66].
There have been at least 30 studies where OT has been given
to prairie voles, rats, mice or pigs and longer term behavioural
consequences have been recorded [67]. It seems possible that a
transientincrease in OT can impact on the long term development
of a neonate, if given at this critical period immediately after
birth: This is what has already been discussed as epigenetic
effects of oxytocin.

Gene transcription can only alter in defined brain areas, as in
the case of the ventromedial nucleus of the hypothalamus, in case
of control of anxiety and sex behaviors in rats [68], or ventral
tegmental area, in case of early life stress, that may increase risk
for depression in adult mice [69].

Changes in the OT concentration also affect gut activity. The
impact of OT on uterine contractility has long been known. Acting
through its G-coupled protein receptors, OT exerts its influence
on the uterine myometrium in the presence of other hormones
and compounds. However, what the effects of OT exactly are
on gut motility is surprisingly unclear. Qin [70], found that the
OT receptor is expressed on the smooth muscle of the stomach
and mediates an excitatory effect of OT on gastric motility. OT
induces an early transient decrease and a subsequent increase on
intragastric pressure. Welch [10] found OT and OT receptors on
enterocytes in the gut, peaking postnatally at day 7 in rats. Villus
enterocytes were OT receptor immunoreactive until day 19
postnatally, and then immunoreactivity was restricted to crypts
and concentrated at the crypt-villus junction. In a further study
they observed OT/OT Receptor interactions acted as a brake on
intestinal motility and, amongst other things, decreased mucosal
activation of enteric neurons and promoted enteric neuronal
development [45]. Some groups determined that OT is necessary
to accelerate skin closure and improve the rate at which wounds
heal. One author found the role of OT in translating the impact
of bacteria like Lactobacillus reuteri in the gut though its ability
to trigger CD4+Foxp3+CD25+ immune T regulatory cells [71].
Chen [72] showed the impact of OT in rat ileum mucosa causing
the pulsatile release of Prostaglandin E2, which together with
OT reduces the impact of intestinal injury. Prostaglandin E2 and
proteins that suppress cytokine-1 signalling (SOCS1) have been
shown to have a role in organising tolerance in the intestinal
innate immune system [73].Therefore it seems that OT could
have an impact on the gut. This may be directly due to the OT
receptors impact on the gut lining or could be induced in part
through the nervous system and the macrophages, some of
which scavenge from the gut lumen and thus are affected by the
microbiota in the lumen [74]. The exact age, the area of the gut
and the type of exposure alters the outcome of experiments in
OT responsiveness. There is a lack of clarity in this area but the
impact of OT directly on the gut has been demonstrated. Changes
in the OT concentration could affect the rate of gut closure. Many
mammals are known to reduce permeability of the gut more
completely after birth, along with the formation of the mucosal
barrier. The integrity of the mucosal barrier of rabbits was tested

by allowing the passage of radioactive serum albumin to cross
the gutlining [75]. It has been known for some time that newborn
infants absorb greater quantities of macromolecules than older
infants or adults [76]. Gut closure occurs in the first postnatal
week and it is recognised that any delay or disruption to this
process, predisposes the infant to infection, inflammation and
allergic sensitisation [77]. The gut closure process is assisted by
human milk hormones and growth factors that are important in
stimulating intestinal epithelial growth and maturation [78].

Anderson et al reported that the controlled regulation of
the intestinal barrier in the healthy intestine leads to antigenic
tolerance. However, disruption of the intestinal barrier, in
particular of the tight junctions of the physical barrier, results
in increased permeability. This allows direct access of antigens
to the dendritic cells in the lamina propria, as opposed to the
dendritic cells sampling the lumen, and results in an aberrant
immune response that can targetany organ or tissue in genetically
predisposed individuals. This in turn can lead to inflammatory
and autoimmune diseases both during infancy and adulthood. In
goats it has been shown that the tight junctions will become leaky
if artificially high levels of OT are created, this in turn will reduce
the volume of milk produced [35]. It is likely to be a combination
of factors that affect the rate of gut closure. Vukavi¢ has found
that the timing of the introduction to breastfeeding makes a
difference with postponement of introduction to colostrum for
more than 24hours resulting in a marked delay in spontaneous
gut closure [79]. Lastly, another manner in which OT is potentially
significant in establishing the gut microbiome and influencing the
gut closure has been established. Klein [45], showed that the P13/
Akt/mTORC1 pathway in gut cells is controlled by OT activation
of the P13/Akt pathway in gut cells and peaked at 62.5nM OT
after 30 minutes, coinciding with OT receptor internalization.
This pathway controls the production of the secretory (or
extra-cellular) component of the immunoglobulin, that will act
as a receptor for molecules like Immunoglobulin A [80]. This
mechanism in turn has been shown to increase the adhesion of
Lactobacillus or Bifidobacterium to the gut lining by 3.4 times
[81]. As Immunglobulin A is the main protective immunoglobulin
available in colostrum, the advantage of this particular pathway
is clear. In the paper by Mathias [81], these bacterial attachments
were also shown to increase the phosphorylation of tight junction
proteins occludens-1 and occluding, increasing transepithelial
resistance. Many other aspects of immunologic functions that
link oxytocin in a pivotal role to immune development are being
investigated currently. For example OT may be critical in the
differentiation of T cells due to its ability to act as a signalling
substance in the thymus network. OT helps focal adhesion
and may establish immunological junctions between Thymal
epithelial cells and immature T cells [82].

CONCLUSION

OT has been found to be expressed in many parts of the
human body and has been a stable molecule in vertebrates for
over 500 million years [31]. Interestingly, for approximately the
same length of time as the RAG gene, fundamental to the acquired
immune system, have been a part of our genetic code [83], and
the development of the thymus [82]. SynOT may need to be given
in some cases to reducing post partum bleeding. However, SynOT
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given to assist in the third stage of parturition is likely to result in
higher levels of OT in the colostrum than normal. We have found
no studies on this topic, despite the widespread use of SynOT
in the third stage of labour. It would seem that OT levels that
protect the mother from post partum haemorrhage would have
been strongly selected for and so the question “at what cost does
SynOT reduce PPH of mothers?” must be asked. Growing evidence
suggests that the level of OT in the first colostrum delivered to an
infant is significant for the infant’s future immunological health.
Possibly by affecting the number of OT receptors available and
consequently reducing the impact of OT in the gut.

Itis of particular importance that many immunological effects
are found only in the period just after birth and that sensitivity to
a hormone like OT is very high in the rapidly developing neonate.
Recognition is now given to the need for the immune system to
defend against potential pathogens and to accept and tolerate the
commensal bacteria and all the other new antigens introduced to
the infant in the days postnatally without an immune mediated
inflammatory response. This process is critical to the ongoing
health of the infant and is likely to be affected by the amount of
OT introduced in the first feed. Epidemiologically, evidence needs
to be considered also, however this paper is already broad in it
coverage, crossing several medical research boundaries and so
has not considered this area here. We must also take into account
the possible effect of perinatal imprinting on OT receptors, OT
which is a fundamental and important hub in the hormonal
network that is established at birth, when hundreds of genes
are activated in the neonatal organism (Figure 2). For example,
it is recognized that DNA Methylation at the Neonatal State
may influence the future development of Obsessive-compulsive
disorder in adulthood [84], We also know that Obsessive-
compulsive disorder is associated with epigenetic involvement
of oxytocin receptors through a significant change in methylation
in two target sequences located in the exon III of the oxytocin
receptor gene (OXTR) in patients with obsessive- compulsive
disorder [85]. An increasing body of evidence suggests that
dysregulation of the oxytocinergic system mightbe involved in the
pathophysiology of neurodevelopmental disorders such as ASDs
[86]. After all, if maternal nutrition at the time of conception can
affect the regulatory tagging of neonatal’'s DNA from the earliest
embryonic stages, as argues a study, focused on a population of
women and children in Gambia [87]. We must think that even the
time of Birth, is a time when many genes are activated [88].

As we have seen in this review, there are many reasons
to start evaluating the effectiveness of alternative drugs for
postpartum haemorrhage prophylaxis. We have considered
some of these reasons. We have identified tranexamic acid
(TXA) as an alternative molecule to SynOT, to be administered
for postpartum haemorrhage prophylaxis. We have therefore
designed a longitudinal phase III, open, randomized, clinical
trial named “TRANOXY 2016” The trial is registred on EudraCT
whit the code number 2016-002047-42. The study includes
two treatment groups: group A: TXA 500 mg / 2 vials (1 g) by
slow intravenous infusion (max 5ml / min) within 5 minutes
after delivery and group B (control): SynOT 5UI / ml / 2 vials
(10 Units) intramuscularly within 5 minutes after delivery. The
primary outcome of the study will test a hypothesis of equivalence
between the two treatments. Therefore, the following hypothesis

Peripartum administration of SynOT

Immunological
development
neonatal gui

Neonatal
genomic
imprinting

Colonization
neonatal gut

maternal
behavior

activity

Rapidly, at birth, the sudden enormous exposure to environmental antigens,
many of them derived from intestinal commensal bacteria, results in rapid change

to make distinct immune responses appropriate for life

L

Epigenetic changes

Figure 2 Hypothetical mechanisms through which the administration
of SynOT peripartum can lead to modifications of the neonatal
epigenetic expression profile.

of equivalence: Group A vs Group B will be tested. The primary
aim will be to understand if TXA (ev) is equivalent to SynOT (im)
in reducing post partum blood loss (mL) in term patients (37-
42 w) at low risk of postpartum haemorrhage. Finally, we will
try to demonstrate a considerable advantage of TXA compared
to SynOT. TXA is stable over a wide temperature range, from -20°
C to + 50°C for more than 12 weeks [89] while SynOT needs to
be stored at a controlled temperature (refrigeration between
2-8°C). Furthermore TXA maintains its stability (measured
as the activity loss of the block streptokinase (SK) induced by
fibrinolysis in 30 ml of plasma for each T° ( -20°, -4 °, + 22°, +
50° C) and evaluated with thrombelastography (measure of the
units / ml of SK necessary to obtain 100% of the fibrinolysis to
60 min). Therefore, from the time that the drug remains effective
for atleast 12 weeks out of the temperature recommended by the
manufacturer outside hospitals TXA could be used in countries
such as sub-Saharan Africa, where about 50% of births take
place at home and where the availability of this drug at home of
mothers could reduce maternal mortality from PPH, if used on a
large scale for prophylaxis of PPH.

1) Finally, it is important to introduce the concept of
precautionary principle. The precautionary principle is
defined as a risk management strategy in cases where
thereareindications of adverse effects on the environment
or on the health of humans, animals and plants, but
available data do not allow a complete risk assessment.
The application of the precautionary principle requires
three keyThe identification of potential risks

2) A scientific assessment, carried out strictly and
comprehensively on the basis of all existing data

3) The lack of scientific certainty that would reasonably
exclude the presence of identified risks

For the prophylaxis of postpartum haemorrhage, there are
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many studies that compare different oxytocics but very few trials
with an arm that receives no treatment or placebo [90]. In fact
the evidence that prophylaxis against PPH reduces maternal
mortality exists only for misoprostol and not for oxytocin [91].
In an appropriate setting, holistic psychophysiological third
stage care compared with Active management of the third stage
of care, is safe and leads to a seven fold reduction in PPH [92].
Probably the future will be characterized by the abandonment
of the concept that “one size fits all” and the prophylaxis will be
reserved for certain groups of patients at risk of PPH. The drugs
used for this prophylaxis will have to be differentiated according
to the most probable cause of PPH in that particular category of
patients.

We think that in the case of SynOT we are faced with a
generalized use on a planetary scale of a drug which, although
SynOT, at any dose, decreases both PPH greater than 500/1000
mL and the need for therapeutic uterotonics, compared to
placebo alone [40]. SynOT still lacks reasonable assurance that
it is non-harmful for perinatal and immunological development.
We should be guided by the precautionary principle, as it was
enshrined in the 1992 Rio de Janeiro Earth Summit Conference,
involving more than 120 governmental delegations, from around
the world [93].The Rio Declaration was also ratified by the Italian
Government in 2004 [94]. For all of the reasons listed above, we
think there is an urgent need to test new drugs for post-partum
hemorrhage prophylaxis, drugs that are effective and at the same
time lack immunologic and perinatal effects on the infant.
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