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Determination of bisphenol A concentrations in human
biological fluids reveals significant early prenatal exposure
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BACKGROUND: There is broad human exposure to bisphenol A (BPA), an estrogenic endocrine-disrupting
chemical widely used for the production of plastic products. BPA is reported to affect preimplantation embryos or
fetuses and alter their postnatal development at doses typically found in the environment. We measured contamination
of BPA in various Kinds of human biological fluids by a novel enzyme-linked immunosorbent assay. METHODS:
Blood samples were obtained from healthy premenopausal women, women with early and full-term pregnancy, and
umbilical cord at full-term delivery. Ovarian follicular fluids obtained during IVF procedures and amniotic fluids
obtained at mid-term and full-term pregnancy were also subject to BPA measurements. RESULTS: BPA was
present in serum and follicular fluid at ~1-2 ng/ml, as well as in fetal serum and full-term amniotic fluid, confirming
passage through the placenta. Surprisingly, an ~5-fold higher concentration, 8.3 = 8.7 ng/ml, was revealed in
amniotic fluid at 15-18 weeks gestation, compared with other fluids. CONCLUSION: These results suggest
accumulation of BPA in early fetuses and significant exposure during the prenatal period, which must be considered

in evaluating the potential for human exposure to endocrine-disrupting chemicals.
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Introduction

Bisphenol A (BPA), an estrogenic endocrine-disrupting
chemical, is produced at a value of ~1.7 billion kg per annum
worldwide and used in the production of polycarbonate plastics
and epoxy resins, which are used in dentistry, food packaging,
and as lacquers to coat food cans, bottletops and water pipes.
Thus, there is broad human exposure to BPA, which can act
at the very low doses detected in the environment (Sheehan,
2000). BPA administered to pregnant mice is transferred to
fetuses and alters postnatal development and sexual maturity
at doses typically found in the environment (2.4 ug/kg)
(Howdeshell et al., 1999). We also reported that BPA not only
affects early embryonic development at a low, environmentally
relevant level (0.23 ng/ml) (Takai et al., 2000), but also exerts
late effects on postnatal development in mice (Takai et al.,
2001). Moreover, many other studies have detected low dose
effects of BPA in mice (Nagel ef al., 1997; vom Saal et al.,
1998; Gupta, 2000; Markey et al., 2001), rats (Steinmetz et al.,
1997; Ramos et al., 2001), fish (Lindholst et al., 2000; Metcalfe
et al., 2001), snails (Oehlmann et al., 2000), and frogs (Kloas
et al., 1999).

Recently we measured serum BPA concentrations by a novel
enzyme-linked immunosorbent assay (Kodaira et al., 2000)
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and detected BPA in all human sera (Takeuchi and Tsutsumi,
2002). Thus, it is of great importance to determine the precise
levels of human and fetal contamination with BPA.

Materials and methods

We used a novel enzyme-linked immunosorbent assay (ELISA) for
BPA (Kodaira et al., 2000; Takeuchi and Tsutsumi, 2002), which was
recently developed by Otsuka Assay Laboratories and Yanaihara
Institute Inc., to determine contamination in human biological
fluids, obtained with informed consent. Briefly, the assay range was
0.5-5000 ng/ml of BPA. The ranges of the intra- and inter-assay
coefficients of variation were 3.6-10.8 and 6.3-8.4% respectively.
No cross-reactivity was observed toward other chemicals except
for bis-(hydroxyphenyl)butane, bis-(hydroxyphenyl)ethane and bis-
(hydroxymethylphenyl)propane (Kodaira et al., 2000).

Blood samples were obtained from 30 healthy premenopausal
women (non-pregnant) and 37 women with early pregnancy. Thirty-
seven maternal (late pregnancy) and 32 umbilical cord blood samples
were also obtained at full-term delivery. Thirty-six ovarian follicular
fluids were aspirated during IVF procedures. Thirty-two and 38
amniotic fluids were obtained by amniocentesis at 15-18 weeks
gestation (early pregnancy) and by amniotomy at full-term Caesarean
section (late pregnancy) respectively. No chromosomal abnormalities
or major anomalies were found in these fetuses.

2839

¥202 Iudy 61 uo1senb Ag 00£SE9/6€82/1 L/L L/eIone/daiwny/woo dnoolwspeoe//:sdpy woll papeojumoq



Y.Ikezuki et al.

= 30
£ (n=30) (n=37) (n=37) (n=32) (n=36) (n=32) (n=38)
[
S 207 x
s
t
[
2 107
I
o .
& & S s o =
1] 0 T T T T T
N S R .
& & S ¢ R R &
) & & > S & &
< & & N & & &
g » N\ Q Q
& < < © S o
& & g & « & 58
8 & N N4 P N\l
& \4 & & \4 xS
N & S > © S
& & & 2 N *
) L) 2 O
) <« . 0\5
& @"‘\
& %

Figure 1. Bisphenol A (BPA) concentrations in human biological fluids. Data are presented as box and whisker plots, where boxes
encompass values between the 25th and 75th percentiles, horizontal lines represent median values, and ‘whiskers’ give the 95% range of the
values. Plots (H) represent mean values. Number of samples appears in parentheses. *P << 0.0001 compared with other biological fluids.

Statistical analyses among the groups were performed by Kruskal—
Wallis test. P < 0.05 was chosen to indicate a statistically significant
difference.

Results and discussion

As shown in Figure 1, BPA was present in serum and follicular
fluid at 2.0 = 0.8 (mean *= SD; non-pregnant), 1.5 * 1.2
(early pregnancy), 1.4 = 0.9 (late pregnancy) and 2.4 * 0.8
ng/ml (follicular fluid), as well as in fetal serum (2.2 = 1.8
ng/ml) and amniotic fluid, confirming passage through the
placenta. There was no significant correlation between the
maternal and fetal serum concentrations (data not shown),
suggesting that BPA may be partly metabolized in the fetus.
There was approximately a 5-fold difference in BPA concentra-
tions between amniotic fluid obtained at 15-18 weeks gestation
(8.3 £ 8.9 ng/ml) and other fluids (P < 0.0001). However,
amniotic fluid levels decreased significantly at term (1.1 =
1.0 ng/ml) and no longer differed from the levels of other fluids.

To verify the results of our ELISA for BPA in the amniotic
fluid samples, we compared BPA values obtained by our
ELISA with those by the conventional reverse-phase high-
performance liquid chromatography (HPLC) analysis. The
results showed a significant linear correlation between the two
procedures (R = 0.93, P < 0.0001, data not shown). The
origin of amniotic fluid in the first half of pregnancy presumably
is the transudation of fluid from maternal plasma across the
membranes that cover the placenta and the cord, because in
composition the fluid is almost identical to a transudate of
plasma. In the second half of pregnancy, there is a progres-
sive admixture of fetal urine. From this point of view, in the
first half of pregnancy BPA is transferred from maternal
plasma to amniotic fluid and accumulated in the uterine cavity
because of low metabolic clearance of BPA. Accordingly, a
fetus is exposed to a large amount of BPA. Although its
metabolism in the human body is largely unknown, BPA may
be glucuronidated by a liver enzyme, uridine diphosphonate
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glucuronosyl transferase (UGT) (Yokota et al., 1999). Signi-
ficantly higher levels of BPA in the mid-term amniotic fluid
indicate accumulation and subsequent significant exposure,
and may be explained by immature liver function including
UGT activity. In the second half of pregnancy, a fetus can
swallow a large amount of amniotic fluid and conjugate BPA
concomitantly with the maturation of liver function. Because
BPA presumably returns via placenta from fetus to mother or
is diluted by fetal urine, BPA levels in amniotic fluid may
decrease at term. Indeed, the HPLC analysis revealed that the
percentage of glucuronidated BPA in the mid-term amniotic
fluid (34 £ 9%) was less than half of that in other human
biological fluids (>90%) (our unpublished observation) and
in rat urine (57-84%) obtained after oral administration of
BPA (Pottenger et al., 2000). Since it was reported that BPA
glucuronidate did not show appreciable efficacy in test systems
for activation of in-vitro estrogen receptors o and B (Snyder
et al., 2000), human mid-term amniotic fluid contains not only
significantly elevated total (intact plus metabolized) BPA, but
also significantly elevated biologically active molecules of
BPA. There is much to be elucidated about the involvement
of early BPA exposure in the recent phenomena in humans,
such as increased genital abnormalities in boys (Paulozzi et al.,
1997), earlier sexual maturation in girls (Herman-Giddens
et al., 1997), decreased sperm count in men (Carlsen et al.,
1992), and increased breast cancer in women (Brewster and
Helzlsouer, 2001).
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