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Abstract The study of the neurohormonal and behavioural processes and neural 
mechanisms involved in the development  of at tachment  between the infant  and the 
mother has received increased at tent ion over the last  years. Oxytocin has been shown 
to play a cent ral role in the regulat ion of affiliate social behaviour, including sexual 
behaviour, mother infant  bonding and social memory and recognit ion. Following normal 
physiological vaginal birth highest  levels plasmat ic endogenous oxytocin are achieved, 
which has been related to the presence of a sensit ive period which seems to facilitate 
bonding and init ial mother and newborn at tachment . Perinatal manipulat ion of 
pept idic hormones like oxytocin can have life long last ing effects on social and sexual 
behaviours in animal models. Disregulat ion of oxytocinergic system has been observed 
in individuals with aut ist ic disorders. A review of the possible effects of oxytocinergic 
perinatal manipulat ion in human newborns is discussed in the present  review art icle. The 
hypothesis of the possible effect  of perinatal oxytocin manipulat ion on the ethiology of 
aut ism is discussed. 
© 2010 SEP and SEPB. Published by Elsevier España, S.L. All rights reserved.
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Vínculo

Oxitocina y autismo: una hipótesis para investigar. ¿La alteración de la producción 
de oxitocina endógena en torno al parto puede estar involucrada en la etiología del 
autismo?

Resumen La neurobiología del apego invest iga la comprensión de los procesos conduc-
tuales y los mecanismos neurales afectados en el origen y el mantenimiento del apego 
ent re el lactante y su madre, padre y hermanos. La oxitocina desempeña un papel cen-
t ral en la regulación de las conductas sociales, incluidas la conducta sexual, el ape-
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go materno infant il y la memoria social y el reconocimiento. Los valores máximos de 
oxitocina endógena en las horas siguientes al parto fisiológico en el cerebro del recién 
nacido se han relacionado con el período sensit ivo y el inicio del vínculo materno filial.  
La manipulación del sistema oxitocinérgico en el período perinatal puede alterar de por 
vida las respuestas sociales y sexuales en los modelos animales. En el presente art ículo 
se revisan los efectos de la oxitocina endógena y exógena en el período perinatal.  Se 
plantea la hipótesis de que la alteración del sistema oxitocinérgico podría ser uno de los 
posibles múlt iples factores perinatales involucrados en la et iopatogenia del aut ismo. La 
alteración del sistema oxitocinérgico se puede producir mediante la administ ración de 
oxitocina sintét ica int raparto o la cesárea programada sin t rabaj o de parto previo. Se 
apuntan líneas futuras de invest igación en esta área. 
© 2010 SEP y SEPB. Publicado por Elsevier España, S.L. Todos los derechos reservados.

Research in the neurobiology of at tachment  aims to 
understand t he behavioural processes and neural 
mechanisms involved in the origin and maintenance of the 
at tachment  between the infant  and his/ her mother, father, 
and siblings. 

Oxytocin (OT) is a pept ide formed by nine amino acids; it  
is synthesized in the paraventricular and supraopt ic nuclei 
of the hypothalamus and secreted into the blood from the 
axonal terminat ions of the posterior pituitary. Its effects 
on uterine contract ions and milk ej ect ion have long been 
understood. Today we know that  OT and vasopressin play a 
central role in the regulat ion of social behaviours including 
sexual behaviour, mother-infant  at tachment , and social 
memory and recognit ion.1,2 In mammals, the mother-infant  
interact ion and other aspects of the post-natal period can 
have profound effects on behaviour, and these effects may, 
in turn, bring about  last ing changes in neuroanatomy and the 
neuroendocrine system.3 OT, vasopressin, and their receptors 
appear to be the substrate for the t ransduct ion of early 
experiences to short - and long-term behavioural changes via 
epigenet ic mechanisms in the sensit ive early period. 4

The init iat ion of breast feeding, the ej ect ion of milk, and 
the init iat ion of bonding are dependent  on the pulsat ile 
release of OT from the posterior pituitary,5,6 among other 
factors, together with the synthesis of OT by myoepithelial 
cells via a local posit ive feedback mechanism. 7 Under 
st ressful condit ions, such as heavy blood loss, prolonged 
labour, or Caesarean sect ion, instead of the pulsat ile 
release there is a steady secret ion of OT that  reduces 
st imulat ion of the myoepithelial cells.8,9 OT appears to 
be the hormone that  mediates maternal behaviour in 
mammals. The physiological, post -partum increase of OT in 
the maternal brain produces a feeling of euphoria, lighter 
sleep, and an increased pain threshold in the mother; 
it  also increases feelings of affect ion for her infant  and 
reduces feelings of st ress via a reduct ion in cort isol levels, 
among others. Levels of this hormone are increased more 
in women who maintain skin-to-skin contact  with their 
infants, and they also have further elevat ions of OT levels 
in connect ion with periods of breast feeding. 10 Therefore, 
in addit ion to improving post -partum uterine tone and 
reducing the chances of puerperal bleeding, elevat ion of 
the OT levels can facilitate mothers bonding with their 
infants through these processes (early skin-to-skin contact  
and suckling). 

Endogenous OT is released in a pulsat ile manner, 
increasing throughout  the physiological birth and reaching 
maximum levels in the maternal brain during the f irst  post -
partum hour.8 This phenomenon has been associated with 
the existence of an early, sensit ive period during which 
a specif ic, neurohormonal scenario develops in both the 
maternal and newborn brains that  is designed to facilitate 
the init iat ion of mother-infant  bonding and has some 
characterist ics similar to the imprint ing observed in other 
species.11,12 In elect ive, Caesarean births where no labour 
is involved, this endogenous OT peak does not  occur. In 
experimental studies with mammals, it  has been observed 
that  females who give birth by scheduled Caesarean may be 
indif ferent  toward the newborn creature, and this has been 
associated with the absence of endogenous OT. 3 There is 
speculat ion that , l ikewise, a woman who does not  undergo 
this increase in endogenous OT could be indif ferent  toward 
the care of her child or have more dif f iculty in early 
interact ions with her infant .3

Various manipulat ions in the perinatal period may alter 
the physiological neurohormonal scenario in both mother 
and infant , and the implicat ions of these manipulat ions 
are not  well known. The OT-vasopressin equilibrium in the 
newborn is altered when there is an elect ive Caesarean, 
when labour is induced with synthet ic OT, and when 
labour is stopped using oxytocin receptor antagonists such 
as atosiban. Likewise, mother-infant  separat ion, bot t le-
feeding, and the absence of immediate skin-to-skin contact  
mean the disrupt ion of endogenous OT release, and there 
is no in-depth knowledge of the medium- and long-term 
effects of these manipulat ions in humans. 3,13 In other 
mammals, in-depth studies have been conducted on the 
effects of perinatal manipulat ion of pept ides in offspring, 
and these effects include long-term changes in social and 
sexual behaviour.14 It  has also been confirmed that  the 
effects in female offspring are dif ferent  from those in male 
offspring.13

Synthet ic OT is ut il ized in a high percentage of labours, 
especially in nulliparas.15 The use of synthet ic OT is so 
extensive and widespread that  there is a tendency to 
assume that  it s effects are well known and benign; there 
has even been a recommendat ion that  it  be used in higher 
doses to prevent  Caesareans. However, it  is believed to 
be the drug most  commonly associated with needless and 
avoidable adverse effects in labour.16
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There have been no in-depth studies of the impact  of 
exogenous OT on behaviour or breast feeding.3 Exogenous 
OT can increase or mimic the st ress response; interrupt  the 
pulsat ile release of OT and the result ing myoepithelial cell 
act ivity required to init iate lactat ion; 8,17 alter the signals in 
myoepithelial and endothelial cell OT receptors;18 st imulate 
and then discharge oxytocin-secret ing neurons; 19,20 and 
alter the OT equilibrium and the changes in neuronal 
architecture during the sensit ive period j ust  after birth, 
affect ing maternal adaptat ion. 21,22 In summary, exogenous 
OT can impair the init iat ion of lactat ion by altering 
the pulsat ile release of OT and the f luctuat ions in OT 
concent rat ion; by desensit ising the receptors; and, more 
speculat ively, by altering infant  or maternal behaviour. The 
int rapartum administ rat ion of OT results in a reduct ion of 
OT levels on the second day postpartum and an increase in 
prolact in.23

The assumpt ion that  perinatal manipulat ion with OT 
has no effect  on the infant ’s behaviour has yet  to be 
proven, but  the handful of studies in animals indicate 
that  this probably is not  a valid assumpt ion. 3 Experiments 
with prairie dogs have shown that  manipulat ion of the 
oxytocinergic system during the perinatal period can result  
in life-long changes in at tachment  behaviours and in social 
behaviours, including adult  pair-bonding and parental 
behaviours, as well as in HPA axis react ivity—findings that  
have been repeated in other mammals.14

It  is commonly believed that  there are two barriers that  
prevent  OT from reaching the infant ’s brain: the maternal-
placental barrier and the foetus’s blood-brain barrier (BBB). 
On the one hand, there are oxytocinases in the placental 
barrier that  appear to be effect ive in degrading OT. Malek et  
al24 studied the maternal-fetal and fetal-maternal diffusion 
of OT and found that  t ransport  is greater in the maternal-to-
fetal direct ion—in other words, synthet ic OT administered 
to the mother may enter the fetal circulat ion. On the other 
hand, although it  has always been thought  that  OT could not  
cross the BBB, important  except ions have been discovered.25 
The most  important  discovery is that  labor represents a 
condit ion of st ress for mother and infant  that  may result  
in increased cytokine release or—and this amounts to the 
same thing—lead to oxidat ive st ress, which has been shown 
to make the BBB more permeable than usual. In addit ion, 
the infant ’s BBB is not  so well developed as that  of an adult  
and is possibly more permeable to small insoluble lipid 
molecules. In brief, it  is possible that , during labor, the 
synthet ic OT administered to the mother crosses the barriers 
and reaches the infant ’s brain.26 In turn, various studies 
have shown that  excess circulat ing OT may, by various 
mechanisms, desensit ize OT receptors, thereby diminishing 
the beneficial effects derived from its act ivity. 

In t he human newborn,  t he earl iest  at t achment  

behaviours are those meant  to secure the mother’s 
proximity and init iate breast feeding (primit ive neonatal 
ref lexes),27 as well as social interact ion behaviours with the 
mother (described by Brazelton, NBAS). Healthy newborns 
have the abilit y to slither along the mother’s abdomen 
and locate the mother’s breast  by themselves in the f irst  
two hours of life and to establish direct  eye contact  with 
the mother—behaviours that  appear to be mediated by OT 
together with an olfactory learning. 

Aut ism is a general ized developmental disorder 
characterized by three key symptoms: impairment  of 
language and the abilit y to communicate; impairment  of 
social interact ion; and repet it ive behaviours and rest ricted 
interests. The number of individuals diagnosed with aut ism 
has increased in recent  years,28 and the dist ribut ion by sex 
is four males for every f ive persons affected. In populat ion 
studies in Denmark and California, for example, it  has been 
observed that  the cumulat ive incidence of aut ism began 
to increase between 1988 and 1989 and has cont inued to 
increase.28 A maj or scient if ic cont roversy surrounds the 
increased diagnosis of aut ism spect rum disorders.

The possibility that  exogenous, toxic environmental agents 
may play a causat ive role in aut ism is get t ing serious at tent ion. 
A possible connect ion between aut ism and environmental 
changes during the perinatal period has been noted, though 
it  is not  clear how this connect ion is to be interpreted. 29-31 
Breech presentat ion, prematurity, Caesarean delivery, and 
maternal age have been associated with an increased risk of 
aut ism spectrum disorders (ASD). The associat ion of breech 
presentat ion with ASD is not  thought  to be causal but  rather 
based on a common et iological factor.30 

In the current  debate on the aet iology and pathogenesis 
of aut ism, the two maj or aspects under discussion are 
the role of OT and the possible involvement  of epigenet ic 
mechanisms. Some authors have put  forth the hypothesis 
that  perinatal manipulat ion of OT may play a role in the 
genesis of aut ism.32 The nature of epigenet ic deregulat ion 
is as yet  unknown; if  it  is described, however, it  could 
explain why, so far, no one has been able to ident ify 
sequence changes in a host  with candidate genes. 4,33 

The int rapartum use of synthet ic OT, together with the 
use of epidural anaesthesia, became widespread in most  
count ries during the 1990s, but  the possibilit y that  these 
two factors combined may play some role in the genesis of 
aut ism has not  yet  been studied. In animal experiments, the 
effect  of synthet ic OT is sexually dimorphic, and whether 
there are gender-dependent  dif ferences in it s effect  on 
humans is unknown. Given that  there is more and more 
evidence that  OT plays a crucial role in social interact ions 
in humans, the possibilit y that  int rapartum administ rat ion 
of OT in combinat ion with anaesthet ic drugs may be 
involved in the pathogenesis of aut ism spect rum disorders 
is worthy of study. The possible eff icacy of OT in t reat ing 
the core symptoms of aut ism has also begun to be studied. 
Int ranasal synthet ic OT is being used experimentally in 
adults with aut ism as a possible symptomat ic t reatment , 
with promising results.34,35 
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