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ABSTRACT
Dopamine and prolactin exhibit

opposite effects on lactation.
However, a possible role for
increased prolactin/dopamine ratio in
postpartum mood and thought
disorders and as a prognostic
indicator of the mother’s future
mental health has not been well
investigated. Postpartum depression
is a serious condition with potentially
devastating outcomes for both the
mother and the infant. Early
detection and treatment of this
condition can have impressive
results. Treatment options include
antidepressant medications for mood
disorders and use of antipsychotics
and electroconvulsive therapy to
address postpartum psychosis.
Although there are obvious benefits
of such treatments on the welfare of
the mother and her child, broader

implications of these treatments on
lactation and child growth and
development are not known. This
review article explores a possible link
between in-utero exposure to a high
maternal prolactin/dopamine ratio
and subsequent development of
autism spectrum disorders. We
hypothesize that a comprehensive,
biologically oriented approach to the
use of psychotropics in the
regulation of neurotransmission
during pre- and postpartum periods
may result in better outcomes in this
population. 

INTRODUCTION
An elevated serum prolactin (PRL)

level is considered to be the
confirmatory test for the diagnosis of
acute generalized seizures in
neurology. Treatment with
antipsychotics resulting in
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Placental Barrier and
Autism Spectrum
Disorders: The Role of
Prolactin and Dopamine on
the Developing Fetal Brain
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galactorrhea also links dopamine to
prolactin. Galactorrhea, seizures
associated with eclampsia,
depression, and psychosis are serious
concerns, deserving of attention,
especially in women of childbearing
age. While these symptoms fall under
different clinical specialties (e.g.,
family medicine,
obstetrics/gynecology, neurology, and
psychiatry), they all have a common
biological link. Eclampsia serves as a
good example of a peri-partum
condition that deserves attention
since it is complicated by seizures.
Therefore, the ratio of prolactin to
dopamine could be used as a
diagnostic and prognostic marker.
Effects of an altered
dopamine/prolactin ratio while in-
utero on the growing fetal brain may
potentially lead to pervasive
developmental disorders later in
postnatal life.
Research is limited pertaining to

women’s health from a psychiatric
standpoint, specifically mood and
thought disorders impacting in-utero
brain development and lactation. In
this article, we explore the available
research to understand the relevance
of prolactin and dopamine to the
development of autism spectrum
disorders (ASD).

PROLACTIN, DOPAMINE, AND
AUTISM SPECTRUM DISORDERS 
During pregnancy, normal

physiological changes occur in the
pituitary gland, with hypertrophy of
the gland due to lactotroph
hyperplasia.1 This has been proven by
autopsy studies demonstrating
evidence of hyperplasia from the first
month of pregnancy to several
months after delivery.2 Hormonal
evaluation becomes complicated, as
changes in the pituitary gland, along
with increases in binding globulin
levels, occur as a normal physiological
response. The highest pituitary
volumes and widths of the
infundibulum were observed during
the first three postpartum days.3

In preeclampsia, the primary cause
is thought to be abnormal placental
implantation as evidenced by

defective invasion of spiral arteries by
extravillous cytotrophoblast cells.
These abnormalities are directly
influenced by the nitric oxide
pathway affecting the maternal
vascular tone.4 Oxidative stress, as a
result, releases oxidized lipids, free
radicals, cytokines, and serum soluble
vascular endothelial growth factor 1,
causing endothelial dysfunction with
vascular hyperpermeability and
peripheral compensation for the
uterine artery constriction.5 There is
evidence of human leukocyte antigen
(HLA) system involvement as well.
Women showing reduced levels of
HLA-G and HLA- E also exhibit
defective invasion of spiral arteries.6

Vascular endothelial growth factor
and placental growth factor are
decreased due to increased levels of
soluble fms-like tyrosine kinase 1
(sFlt1).7

Complex physiological changes
that occur during normal pregnancy
cause vasodilation of the pituitary
gland and an increase in secretion of
prolactin.8 In addition to prominent
roles in lactation and reproduction,
prolactin has other biological
functions, including the regulation of
angiogenesis.9 Since abnormal
angiogenesis is thought to be the
contributing factor to the
development of preeclampsia, it can
be hypothesized that prolactin could
have significant effect on the overall
course of preeclampsia in pregnant
women.  A prospective study from
Mexico10 reported that differences in
prolactin excretion were more
pronounced as the severity of
preeclampsia increased, regardless of
the degree of proteinuria, gestational
age, and serum PRL levels. The
authors therefore suggest that
changes in urinary prolactin
concentration accurately reflect the
extent and intensity of damage to the
glomerular endothelium and, probably
as well, to the systemic vascular
endothelium.10 The same would apply
for eclampsia, as it is a progression of
preeclampsia that is complicated by
seizures.
The relationship of preeclampsia

and eclampsia to depression is

unclear. The platelets examined in
depressed patients by Nemeroff and
Musselman11 showed increased levels
of 5-hydroxytryptamine 2 binding
density, leading to increased
vasoconstriction. Kurki et al12

conducted a prospective study on
Finnish women and observed that
depression was associated with an
increased risk of preeclampsia [odds
ratio (OR) 2.5; 95% confidence
interval (CI): 1.2–5.3]. In a case-
control study in Peru by Qiu et al,13

the authors concluded that there was
an increased risk of preeclampsia in
women with previous depression.
Altered lactation can occur in

postpartum women who had
preeclampsia or eclampsia. In a
review article by Beardman et al14 that
examined excretion of
antihypertensive medication into
human breast milk, the authors found
that, according to the available
research, antihypertensive
medications are present in breast milk
although differences in the
milk/plasma ratio are related to lipid
solubility and extent of ionization of
the drug at physiologic pH. Although
the Committee on Drugs of the
Amercian Academy of Pediatrics
considers the beta-blocker atenolol
compatible with breastfeeding, it
appears to be concentrated in breast
milk, while propranolol and labetalol
are not; for that reason, propranolol
and labetalol are recommended if a
beta-blocker is indicated.15 Diuretics
may reduce milk volume and suppress
lactation.15

Given the scarcity of data, breast-
fed infants of mothers taking
antihypertensive agents should be
closely monitored for potential
adverse effects.16 Methyldopa and
hydralazine have not been shown to
cause harm in breastfeeding infants.17

In addition, a United States study
by Cordero et al18 concluded that
despite all the challenges, the
strongest indicator of breastfeeding
success using logistic regression
analysis was the intention to
breastfeed. Dangat et al19 explored
changes in the composition of breast
milk in women with preeclampsia and
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found that long-chain polyunsaturated
fatty acids and neurotrophins are
increased in breast milk. Their study
also showed that an increase in long
chain polyunsaturated fatty acids
negatively influences the child’s
weight as well as height.19

Clinical depression is estimated to
occur in 10 to 15 percent of women
during pregnancy, while postpartum
depression occurs in about 10 to 22
percent of women.20 In women
diagnosed with moderate to severe
depression, pharmacotherapy during
pregnancy and during the postnatal
period could have benefits for both
mother and infant.21 The usage of
psychotropics for postpartum
depression and psychosis has been
debated over the years, since these
medications can be transferred to the
fetus through the placenta and via
breast milk to the infant. However,
most psychotropics are considered
relatively safe for infants during
lactation.22 A study conducted in the
United Kingdom by Howard et al23

showed that women with nonaffective
psychoses are less fertile than
controls, partly because of
hyperprolactinemia secondary to
antipsychotic drug treatment.
Another topic that merits

exploration is the potential
relationship between the prolactin-
dopamine ratio exposure in utero
and the development of pervasive
developmental disorders in children.
It can be hypothesized that a
placental barrier exists for pervasive
developmental disorders (PDD), such
as the one described by Holmes et al24

for stress hormone influence on fetal
mice brain. This team showed
evidence in mice of fetal growth
reduction along with development of
mood disorders later in life,
supporting the hypothesis that
placental 11-beta-HSD2 is an essential
barrier to maternal glucocorticoids.24

Muhle et al25 performed a review that
yielded convincing evidence for
multiple interacting genetic factors as
the main causative determinants of
autism. They also noted that data
from whole-genome screens in
multiplex families suggest interactions

of at least 10 genes in the causation of
autism.25 In a study by Yrigollen et al,26

the authors examined the allelic
associations between genetic variants
in six genes (oxytocin [OXT],
oxytocin receptor gene [OXTR],
prolactin [PRL], prolactin ligand
receptor [PRLR], dopamine beta
hydroxylase [DbH, and Finkel-Biskis-
Jinkins (FBJ) murine osteosarcoma
viral oncogene homolog B (FosB) and
found that they are involved in the
control of maternal and affiliative
behaviors. The results showed an
association between the PRL ligand
and the prolactin receptor, which
have allelic associations with ASD.
This might suggest the direct
involvement of the PRL pathway and
possible indirect effects of other
pathways with which PRL interacts.
The study also revealed an allelic
association between ASD and the
OXTR.26

We conclude that in order to
understand the genetic etiology of
PDD, we need further genetic
mapping of parents and their children
who are diagnosed with PDD
spectrum conditions. So far,
according to a review article by Lim et
al27 that examined fetal animal model
studies conducted on rats, mice, and
rhesus monkeys, hormonal
fluctuations in pregnant animals affect
neural control of social functioning.27

In rat models, it was shown by
Kennett et al28 that oxytocin
stimulates prolactin secretion leading
to a positive oxytocin-prolactin
feedback loop. This induces the
dopamine-prolactin negative feedback
loop, thus impacting two separate
feedback loop systems.28

Rodent models, as described by
Lim et al, showed that low levels of
oxytocin influenced social recognition
and social bonding,27 and it was
disregulated in people with PDD.29 A
human study found that autistic
children did have significantly lower
levels of plasma oxytocin compared to
age-matched normal subjects.30

Another study showed that autistic
patients do in fact have a decrease in
plasma oxytocin, but showed an
increase in the pro-hormone of

oxytocin.31 These findings contribute
directly to the growing evidence of
the involvement of OXT in the
formation of affiliated behaviors in
general and their disruption in ASD,
and indirectly to hypotheses of
possible connections between the
OXT and GABA systems, the latter
being consistently implicated in ASD.
It has been studied that during labor,
the stress on the mother and baby
make the blood brain barrier (BBB) in
the child more permeable to lipid
insoluble molecules. Therefore, any
exogenous oxytocin administered
during labor can cross the BBB into
the newborn’s brain, consequently
influencing social behavior.32

CONCLUSION
In summary, placenta being the

most invasive tissue, to establish the
hypothesized altered genetic
transcription as the cause for complex
phenotypic expressions in PDD,
hormonal and environmental causes
need to be ruled out. A pilot study to
compare the ratios of
prolactin/dopamine and
oxytocin/GABA in gestational periods
(20–40 weeks) as well as in the
placenta would, in our opinion,
provide valuable insights into the
etiology of PDD. Alternative
approaches may include the
measurement of autoantibodies
directed to the GABA-generating
enzyme, glutamate decarboxylase 65
(GAD65), which have been detected
in the serum of 60 percent of autistic
children.33 Whether these
autoantibodies inhibit GAD65
function as has been proposed for
GAD65Ab in stiff person syndrome34

remains to be established. 
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