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ransfer of bisphenol A across the human placenta
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BJECTIVE: The objective of the investigation was to study placental
ransfer and conjugation of bisphenol A (BPA) across the human
lacenta.
TUDY DESIGN: Human placentae obtained from healthy term single-

on pregnancies were utilized in a dual recirculating model of ex vivo
lacental perfusion. Seven placentae were perfused with BPA (10 ng/
L) added to the maternal perfusate for 180 minutes. Antipyrine and

uorescein isothiocyanate dextran were used as positive and negative

ontrols, respectively, to validate integrity of the circuits. Concentra- f
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oi: 10.1016/j.ajog.2010.01.025
ions of BPA and its conjugates were determined by liquid chromatogra-
hy-mass spectrometry.
ESULTS: The transfer percentage for antipyrine and BPA were 25.5 �
.13% and 27.0 � 1.88%, respectively, and the transfer index for BPA
as 1.1 � 0.09 after 180 minutes of perfusion. Only 3.2 � 1.6% of
PA in the fetal compartment was in the conjugated form.
ONCLUSION: Bisphenol A at low environmentally relevant levels can

ransfer across the human placenta, mainly in active unconjugated

orm.
henol A across the human placenta. Am J Obstet Gynecol 2010;202:393.e1-7.
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ACKGROUND AND OBJECTIVE

isphenol A (BPA) is a well-studied xe-
oestrogen with weak affinity for the es-

rogen receptor that is used in the prep-
ration of polycarbonate plastics, dental
ealants, and resins for can linings. Re-
idual traces remain after manufacture
nd are slowly released, such that BPA in
oodstuffs and drinking water is now the

ost significant source of exposure to
ynthetic xenoestrogens in New Zealand.
ecent influential publications associat-

ng BPA exposure with several diseases

rom the Liggins Institute (all authors) and
he National Research Centre for Growth
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ave led to a ban of polycarbonate plas-
ics in the production of baby bottles in
anada and to a switch by some manu-

acturers to BPA-free plastics.
The estrogenic action of BPA has been

emonstrated in both in vivo and in vitro
tudies. BPA binds to both nuclear and

embrane estrogen receptors and im-
arts both genomic and nongenomic
teroid actions. Experiments in rodents
ave demonstrated that BPA can readily
ross the placenta and can cause devel-
pmental abnormalities in the offspring.
he transgenerational effects of BPA on

he expression patterns of some testicu-
ar steroidogenic coregulators have been
eported in the rat.

These and several other studies have
hown the endocrine-disrupting activity
f BPA, especially if there is fetal and/or
eonatal exposure at vulnerable periods
f development. BPA has been detected

n maternal and fetal plasma, placenta,
mniotic fluid, and follicular fluid. Stud-
es have shown that hepatic 5’ diphos-
hate glucuronyltransferases (UGT) can
onjugate BPA into its glucuronide
orm, which is devoid of estrogenic
ction.

We hypothesized that BPA at environ-
entally relevant concentration can

ransfer across the human placenta in an
ctive unconjugated form. The aim of
his study was to determine placental
ransfer and conjugation of BPA at envi-
oncentrations. l

APRIL 2010 Am
ATERIALS AND METHODS
modified and fully validated dually

erfused ex vivo placental perfusion sys-
em was used to study the transfer of BPA
cross the human placenta. The BPA
oncentration selected is within the
ange from the serum levels reported in
regnant women. The perfusion was
ontinued for 3 hours and the samples
rom maternal and fetal reservoirs were
ollected at 30 minute intervals and
tored at �80°C. A liquid chromatogra-
hy–tandem mass spectrometry (LC-
S/MS) method was optimized in our

aboratory to measure the bisphenol A
ontent in the perfusates.

ESULTS
he placentae studied maintained viabil-

ty as well as metabolic activity through-
ut the perfusion period, as evident from
onstant glucose consumption, lactate
roduction, and �-human chorionic go-
adotropin (hCG) secretion. The values

or glucose consumption and lactate
roduction were 0.32 � 0.06 �M/g per
inute and 0.52 � 0.1 �M/g per minute,

espectively, in the maternal compart-
ent and 0.32 � 0.06 �M/g per minute

nd 0.35 � 0.06 �M/g per minute, re-
pectively, in the fetal compartment.

e observed �-hCG secretion only in
he maternal compartment (3.0 � 0.9

IU/g per minute); values in the fetal
ompartment were below detection

evel.

erican Journal of Obstetrics & Gynecology 393
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3

A gradual decline was observed in the
oncentration of BPA in the maternal
ompartment and a concomitant in-
rease in the concentration of BPA in the
etal compartment. About 27% of BPA
as detected in the fetal compartment
ithin 180 minutes of perfusion. This

learly shows that BPA at low concentra-
ions can cross the human placenta (Fig-
re, A). No evidence of BPA release from

FIGURE
Transplacental transfer of BPA

PA concentration in maternal and fetal compar
C-MS/MS A, BPA transfer (n � 7) B, and control p
PA, bisphenol A; LC-MS/MS, liquid chromatography-tandem ma

alakrishnan. Transfer of BPA across the human placenta. A
he placental tissues was observed when m

94 American Journal of Obstetrics & Gynecology
he perfusates from control placenta
ere analyzed (Figure, B).

OMMENT
he present study has demonstrated for

he first time that BPA at environmen-
ally relevant concentrations can be
ransferred across the human placenta in
n ex vivo human placental perfusion

nt during 3 hours of perfusion as detected with
nta (n � 2). Data are presented as mean � SEM.
ectrometry.

bstet Gynecol 2010.
odel. The major fraction of the com- t

APRIL 2010
ound transferred was in unconjugated
orm.

Substances are transferred across the
lacenta either by simple diffusion or
hrough active transporters. Transport
f materials across the placenta is also
ependent on the molecular weight of
he compound, protein binding, and li-
ophilicity. Our results indicate a rapid
aternofetal transfer of BPA across the

uman placenta.
Our results thus imply that BPA is

reely diffused across the human pla-
enta at a rate that is significantly similar
o that of antipyrine. BPA has been
hown to be a substrate for the ABC-
ransporter P-glycoprotein (P-gp) in the
ntestine. In vitro BPA was also found to
timulate the drug efflux mechanism in a
uman placental cell line (BeWo, a cho-
iocarcinoma cell line), indicating the
ossibility of regulation through P-gp.
ut the role of P-gp in the efflux of BPA
as not yet been studied in the placenta.
owever, it has also been shown that

lacental expression of P-gp gradually
ecreases with gestational age with low-
st expression at term. Hence, the appar-
nt passive diffusion of BPA from mater-
al to fetal compartment in term
lacentae may be due to the fact that the
xpression of any drug efflux pumps is
owest at this time. Studies in pregnant
odents have also shown that BPA
eached the fetal compartment within an
our of oral or intravenous administra-
ion, mostly in unconjugated form.

BPA after oral absorption has been
hown to be conjugated to either gluc-
ronide or sulfate form by hepatic en-
ymes in the liver. Conjugation of BPA
as been shown to ablate the estrogenic-

ty of BPA in vitro. Human term placenta
xpresses both uridine UGT and sulfo-
ransferases required for the glucu-
onidation and sulfation of BPA. How-
ver, our data conclusively imply that
nly negligible amounts of BPA are be-

ng conjugated by the placenta. The re-
ults further suggest that fetus is exposed
o free BPA.

Our data clearly show that BPA at ma-
ernal serum concentrations can transfer
cross the human placenta and imply
tme
lace
ss sp

m J O
hat placental glucuronyltransferase or
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ulfotransferase enzymes do not convert
PA into its conjugated form. The un-
erdeveloped fetal liver cannot protect
he fetus against this constant exposure.
ence, the fetus is potentially very vul-
erable to the adverse effects of BPA, and
t is critical to evaluate the harmful ef-
ects on health and well-being of the fe-
us from such an exposure.

CLINICAL IMPLICATIONS

Bisphenol A (BPA) at environmen-

tally relevant concentrations can be

APRIL 2010 Am
transferred across the human pla-
centa.
Hence, the fetus could be constantly
exposed to BPA at vulnerable win-
dows of human development. f
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