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Environmental toxins
Exposure to bisphenol A
advances puberty

Plastics and pesticides are examples of
products that contain oestrogenic endo-
crine-disrupting chemicals, or EEDCs,
which can interfere with mammalian devel-
opment by mimicking the action of the sex
hormone oestradiol'. For instance, the
exposure of developing rodents to high
doses of EEDCs advances puberty and alters
their reproductive function”. Low environ-
mental doses of EEDCs may also affect
development in humans’. Effects have
become apparent in humans over the past
half century that are consistent with those
seen in animals after exposure to high doses
of EEDCs, such as an increase in genital
abnormality in boys' and earlier sexual
maturation in girls’. Here we show that
exposing female mouse fetuses to an EEDC
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at a dose that is within the range typical of
the environmental exposure of humans
alters the postnatal growth rate and brings
on early puberty in these mice.

Qestrogen is a hormone that interacts
with other steroids to regulate the normal
development of the reproductive system
and other tissues. Bisphenol A, a compound
that was initially synthesized as a chemical
oestrogen®, is now used as the monomer for
the production of polycarbonate plastic
products such as baby bottles. Bisphenol A
leaches out of such products at a rate that
increases with repeated use’.

Pregnant CF-1 mice (n=21 per treat-
ment group) were fed either oil (vehicle) or
bisphenol A dissolved in oil at a dose equiv-
alent to that typically found in the environ-
ment (2.4 pg per kg), on days 11 to 17 of
gestation®, Pups were delivered by caesarean
section on day 19 to determine their posi-
tion in th~ uterus and were reared by
untreated foster mothers. The intrauterine
position determines fetal hormone levels
because endogenous sex steroids are trans-
ported from one fetus to another’. Mouse
fetuses positioned between two males (Fig.
1, 2M) are exposed to the lowest levels of
oestradiol, fetuses located next to female
fetuses (OM) are exposed to the highest, and
females next to one male (1M) are exposed
to an intermediate amount".

At weaning on postnatal day 22, females
treated with bisphenol A were significantly
heavier than control females (Fig. 1a),
although they had a similar body weight at
birth: relative to controls from the same
intrauterine position, the weight of 0M
females was increased by 22% and that of
IM females was increased by 9%; 2M
females were unaffected (Fig. 1d). The find-
ings were virtually identical for male siblings.

On postnatal day 26, females were
housed individually but near to males to
provide a submaximal level of pheromonal
stimulation''. After vaginal opening, daily
vaginal smears were examined for the pres-
ence of completely cornified epithelial cells
(a sign of first vaginal oestrus). We found
that prenatal treatment with bisphenol A
significantly reduced the number of days
between vaginal opening and first vaginal
oestrus, which is highly correlated with first
postpubertal ovulation'? (Fig. 1c), in OM
females but not in 2M females (Fig. 1f),
based on analysis of covariance adjusted for
body weight at weaning.

Prenatal exposure to a dose of bisphenol
A comparable to levels found in the environ-
ment therefore altered postnatal growth
rate and reproductive function in female
mice, although individual differences in
endogenous oestradiol resulting from nat-
ural variation influenced the responsiveness
of the females to bisphenol A.

There is significant variability in human
and animal populations in responsiveness
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Figure 1 Mean (£s.e.m.) body weight at weaning, age at vaginal
opening, and interval between vaginal opening and first vaginal
oestrus. Data are for all females combined (a~€) and as a function
of intrauterine position (d—f). Body weight at weaning includes data
for all females surviving to weaning from control (CON, orange
bars) and bisphenol A-exposed (BPA, green bars) litters. All data
were adjusted for litter membership to control for matemal effects.
Vaginal opening and interval data were also corrected by analysis
of covariance for body weight at weaning. 2M, located between
two males fetuses; 1M, located next to one male fetus; OM, located
next to female fetuses. Wean weight was calculated on 41 OM, 47
1M and 23 2M control females, and 20 OM, 43 1M and 12 2M
hisphenol A-treated females. Vaginal opening and interval data
were calculated on 19 OM, 20 1M and 19 2M control females, and
on 19 OM, 21 1M and 11 2M bisphenol A-treated females. We
attempted to include females from each intrauterine position from
each litter, but some litters did not contain a 2M female.

to hormones and EEDCs. Our findings
indicate that one source of this varjability
may be the amount of endogenous sex hor-
mones. These vary among individual
human fetuses and are influenced by a vari-
ety of factors, including whether it is a first
pregnancy, the size of the placenta, and
whether there is just one fetus or twins'>"'.
Very small increases in the level of
endogenous oestradiol may substantially
increase the sensitivity of fetuses to EEDCs
consumed by pregnant women, so some
fetuses may be at particularly high risk for a
wide array of abnormalities and diseases.
Our findings emphasize the need for studies
to examine the relationship between mater-
nal exposure to endocrine disrupters and
subsequent health effects in the offspring.
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