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Bisphenol A (BPA), a monomer used for the pro-
duction of polycarbonate, is known to have estrogen
activity. In this study, pregnant mice were fed chow
diet containing 1% BPA, and we examined the influ-
ence of dietary BPA on delivery and growth of new-
born pups in mice. When pregnant mice were fed BPA
diet, the mice normally delivered pups on day 21 of
gestation. The number of offspring pups in maternal
mice fed BPA diet was same to those fed normal diet.
Therefore, the growth of fetuses and the process of
delivery were not influenced by dietary BPA. However,
the growth of newborn pups was markedly suppressed
when maternal mice were fed BPA diet. The growth of
neonatal mice depends on breast milk, and stomach
was filled with milk in pups. In newborn pups from
maternal mice supplemented with BPA diet, the weight
of stomach was lower than that from maternal mice
with normal diet. Since the serum level of prolactin
was limited in maternal mice supplemented with BPA
diet, the suppressed growth of newborn pups by di-
etary BPA may be due to the insufficient supply of
breast milk. These results suggest that the influence of
BPA on the growth of newborn pups is related to hor-
monal condition in maternal mice.
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INTRODUCTION

Bisphenol A (BPA) is a class of monomer widely
used in the production of polycarbonate plastic prod-

ucts. The level of human exposure to BPA is not in-
significant, as microgram amounts of BPA were re-
ported to be detectable in liquid from canned veg-
etables.1) Since children are thought to be more sen-
sitive to endocrine disrupters including BPA than
adults, the influence of the exposure of BPA may
depend on age and hormonal condition. BPA binds
to estrogen receptor with approximately 10000 times
less affinity than 17β-estradiol and it exhibits estro-
genic activity both in vitro and in vivo assay sys-
tems.2) In vivo assay, BPA enhances the uterine
weight in immature animals, and accelerate the on-
set of puberty.3) It is known that BPA exhibits estro-
genic properties in sexual organs, but the effects of
BPA in vivo are still not clear.

Estrogens are synthesized from androgens by
aromatase (CYP19).4) We have reported that
aromatase-deficient (ArKO) mice show underdevel-
oped uteri and mammary gland, bone loss by in-
creased bone resorption and abnormal lipid metabo-
lism.5–7) All of these phenotypes in ArKO mice are
due to estrogen deficiency caused by loss of
aromatase, and the replacement of estrogen restore
these phenotypes to normal. When ArKO were fed
chow diet supplemented with 0.1% or 1% BPA, they
were protected from ovarian degeneration, uterine
diminution and bone loss in a dose–dependent man-
ner.8) Therefore, estrogenic effects of BPA on the
reproductive tract as well as skeletal tissue were
evident in adult female ArKO mice. Since ArKO
mice completely lose estrogen synthesis, ArKO is a
useful animal model for characterization of estro-
genic compounds. However, the influence of estro-
genic compounds in normal animal may be related
to the hormonal condition in vivo especially in fe-
males.

In this study, we focused on the influence of BPA
on pregnant mice to clarify the effects of BPA on
delivery and lactation of maternal mice. Here we
show that the growth of newborn pups was mark-
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edly suppressed by the insufficient supply of breast
milk, when maternal mice were fed chow diet supple-
mented with BPA.

MATERIALS AND METHODS

Materials —–—  A standard rodent chow (CE-2)
was obtained from Japan Clea (Tokyo, Japan). BPA
(≥ 97%) was purchased from Sigma (St. Louis, MO,
U.S.A.). The chow diets supplemented with BPA
were prepared by impregnation with BPA, which was
dissolved in acetone, as reported previously.8) For
example, 1 g BPA was dissolved in 10 ml acetone
and impregnated into 100 g rodent chow to yield the
chow diet supplemented with 1% (w/w) BPA. The
chow diets supplemented with BPA were newly pre-
pared every other day.
Animals —–—  Pregnant mice of ddY strain, on
day 14 of gestation, were obtained from Japan SLC
(Shizuoka, Japan). All animals were given water and
rodent chow diet with or without BPA ad libitum.
The absolute value of BPA given to pregnant mouse
was 526 mg/14 day/mouse. After delivery of mater-
nal mice, body weight of offspring pups was moni-
tored everyday. Pups were sacrificed on day 7, and
weight of stomach was measured. Animal care was
in accordance with institutional guidelines.
Serum Level of Prolactin in Maternal Mice —–—
Levels of serum prolactin were measured using in-
dividual serum samples collected from maternal
mice on day 4 after delivery. Serum levels of pro-
lactin were determined using mouse prolactin radio-
immunoassay system (NIDDK’s National Hormone
and Peptide Program, CA, U.S.A.) according to the
manufacture’s instructions. Anti-mouse prolactin
antiserum and iodinated mouse prolactin were added
to the serum samples, and the reaction was allowed
to proceed for 24 hr at room temperature. After the
addition of 2nd antibody, anti-rabbit γ-globulin goat
serum, they were incubated at 32°C for 4 hr, centri-
fuged at 3000 rpm for 20 min at 4°C, and resulting
pellets were used for the detection of 125I.
Statistical Analysis —–—  The data are expressed
as means ± SEM. The significance of differences
was analyzed using Student’s t-test (two-tailed).

RESULTS AND DISCUSSION

Influence of Dietary Bisphenol A on the Growth
of Newborn Pups

When pregnant mice on day 14 of gestation were
started to feed chow diet containing 1% BPA, the
mice normally delivered pups on day 21 of gesta-
tion, and the number of newborn pups in the mater-
nal mice fed BPA diet was same to that in the mater-
nal mice fed normal diet. Figure 1 shows the influ-
ence of BPA diet on the growth of newborn pups
until day 7. On day 0, body weight of pups from
maternal mice fed BPA diet was similar to that of
pups from maternal mice fed normal diet (Fig. 1A).
However, body weight of pups in BPA diet group
was lower than that of pups in normal diet group
(Fig. 1AB), and 30% of pups in BPA diet group died
until day 7 (Fig. 1C). Previous study showed that
BPA administered orally at gestational stage of rats
could detect not only in maternal tissues but also in
fetuses,9) indicating that BPA in maternal animals
could be transferred to fetuses in gestation. Kim et
al.10) reported that the administration of 1000 mg/kg
of BPA to pregnant rats occasionally induced the
pregnancy failure, but 300 mg/kg of BPA did not
induce these effects on fetuses. In the present study,
the amount of BPA in 1% BPA diet is equal to
1000 mg/kg of BPA, and the number of live fetuses
per litter in BPA diet group was same to that in nor-
mal diet group. Therefore, 1% BPA diet was not toxic
for the development of fetuses in pregnant mice.

Insufficient Supply of Breast Milk from Mater-
nal Mice Fed BPA Diet

Neonatal mice depend on breast milk supplied
by maternal mice, and the stomach was filled with
milk in the pups. On day 1, the pups delivered from
maternal mice fed normal diet showed white stom-
ach filled with milk, but it was hard to see the white
stomach in the pups from maternal mice fed BPA
diet (Fig. 2A). The weight of stomach was signifi-
cantly lower in pups of BPA diet group (28.13 ±
3.33 mg) than that of normal diet group (46.54 ±
8.41 mg) (Fig. 2B). Since the growth of neonatal
mice completely depend on the intake of milk, the
decrease in body weight in the pups of BPA diet
group may be due to the insufficient supply of ma-
ternal milk in the pups.

Serum Levels of Prolactin in Maternal Mice
It is well known that prolactin positively regu-

late the secretion of breast milk in maternal mice.
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regulates transcription of prolactin through the es-
trogen response element. In contrast, Gould et al.12)

have reported that BPA interacts with estrogen re-
ceptor α in a distinct manner from estradiol. BPA,
like E2, stimulated peroxidase activity and prolac-
tin receptor in hepatoma cells, but inhibit E2-induced
increase in peroxidase activity and prolactin recep-
tor, when BPA and E2 were administered simulta-
neously. Therefore, effects of BPA on various tis-
sues may be closely related to the levels of endog-
enous sex hormones.

The dosage of BPA, 1% BPA, used in the present
study is extremely high compared with the levels of
BPA found in the environment. The amounts of BPA
eluted from a polycarbonate bottle by autoclaving
were reported to be 10–15 nM.13) Howdeshell et al.3)

have shown that exposure of pregnant mice to envi-
ronmental levels of BPA (2.4 µg/kg body weight)
advanced the puberty of the offspring pups. How-
ever, it is still not clear whether environmental lev-
els of BPA exhibit action as an endocrine disruptor,
because possible influence of BPA in vivo may be
related to the condition of sexual organs and the lev-

Fig. 1. Influence of Dietary BPA on the Growth and Survival
of Newborn Pups in Mice

Pregnant mice were started to feed chow diet supplemented with
0% and 1% BPA on day 14 of gestation, and body weight and survival
of newborn pups were monitored until day 7 after delivery. On day 21
of gestation, pregnant mice of both BPA diet and control diet groups
normally delivered pups. (A) Body weight of surviving newborn pups
on day 0 to 7 after delivery. Numbers of pups in 1% BPA group are n =
89 (day 0), n = 83 (day 1), n = 70 (day 2), n = 64 (day 3), n = 61 (day 4–
7). Data are expressed as the means ± SEM of 31 mice (0% BPA) and
61–89 mice (1% BPA). Significantly different from control diet groups,
*p < 0.01. **p < 0.001. (B) Representative picture of pups on day 7
delivered from maternal mice fed BPA diet or control diet. (C) Survival
rate of newborn pups on day 0 to 7 after delivery.

Fig. 2. Effects of Dietary BPA on the Weight of Stomach Filled
with Breast Milk in Newborn Pups

(A) Representative picture of newborn pups on day 1. White stomach
filled with breast milk can be seen in pup of control diet but not in pup
of BPA diet. (B) Weight of stomach in newborn pups on day 7. Data are
expressed as the means ± SEM of 10–11 mice. Significantly different
from control diet groups, *p < 0.05. Upper panel shows the representative
picture of stomach collected from newborn pups on day 7 after delivery.

When we measured serum levels of prolactin in
maternal mice on day 4 after delivery, the levels of
prolactin in mice fed BPA diet (137.65 ± 9.45 ng/
ml) were lower than those fed control diet (254.60 ±
30.0 ng/ml) (Fig. 3). These data are consistent with
the limited weight of stomach in BPA diet group
shown in Fig. 2. Prolactin-mediated secretion of
breast milk may be essential for growth of neonatal
pups. Effects of BPA in the production and secre-
tion of prolactin is not clear in pituitary cells.
Steinmetz et al.11) have reported that not only 17β-
estradiol (E2) but also BPA stimulates prolactin re-
lease from posterior pituitary cells, and that BPA
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els of endogenous endocrine hormones.
In summary, when pregnant mice were fed BPA

diet, the fetuses grew normally, but the growth of
offspring pups was markedly suppressed probably
due to the insufficient supply of breast milk. There-
fore, the influence of dietary BPA in newborn pups
may be related to endogenous hormones in mater-
nal mice.
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Fig. 3. Levels of Serum Prolactin in Maternal Mice on day 4
after Delivery

Data are expressed as the means ± SEM of 3 mice. Significantly
different from control diet groups, *p < 0.05.


