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1997 (see above) were not observed. The absence of adverse findings in the offspring of dams treated orally with DES challenges
the “low-dose hypothesis” of a special susceptibility of mammals
exposed perinatally to ultra-low doses of even potent estrogenic
chemicals. Based on the data in the present study and the considerable body of literature on effects of BPA at similar and much
higher doses, BPA should not be considered as a selective reproductive or developmental toxicant.
Key Words: bisphenol A; CF-1 mouse; developmental; male
reproduction; diethylstilbestrol.

Bisphenol A (BPA) is a monomer used in the manufacture of a
multitude of chemical products, including epoxy resins and polycarbonate. The objective of this study was to evaluate the effects of
BPA on male sexual development. This study, performed in CF-1
mice, was limited to the measurement of sex-organ weights, daily
sperm production (DSP), epididymal sperm count, and testis histopathology in the offspring of female mice exposed to low doses
of BPA (0, 0.2, 2, 20, or 200 mg/kg/day), by deposition in the mouth
on gestation days 11–17. Male sexual development determinations
were made in offspring at 90 days-of-age. Since this study was
conducted to investigate and clarify low-dose effects reported by
S. C. Nagel et al., 1997, Environ. Health Perspect. 105, 70 –76, and
F. S. vom Saal et al., 1998, Toxicol. Indust. Health 14, 239 –260,
our study protocol purposely duplicated the referenced studies for
all factors indicated as critical by those investigators. An additional group was dosed orally with 0.2 mg/kg/day of diethylstilbestrol (DES), which was selected based on the maternal dose
reported to have maximum effect on the prostate of developing
offspring, by F. S. vom Saal (1996, personal communication), vom
Saal et al. (1997, Proc. Natl. Acad. Sci. U S A 94, 2056 –2061).
Tocopherol-stripped corn oil was used as the vehicle for BPA and
DES, and was administered alone to control animals. No treatment-related effects on clinical observations, body weight, or food
consumption were observed in adult females administered any
dose of BPA or DES. Similarly, no treatment-related effects on
growth or survival of offspring from dams treated with BPA or
DES were observed. The total number of pups born per litter was
slightly lower in the 200-mg/kg/day BPA group when compared to
controls, but this change was not considered treatment-related
since the litter size was within the normal range of historical
controls. There were no treatment-related effects of BPA or DES
on testes histopathology, daily sperm production, or sperm count,
or on prostate, preputial gland, seminal vesicle, or epididymis
weights at doses previously reported to affect these organs or at
doses an order of magnitude higher or lower. In conclusion, under
the conditions of this study, the effects of low doses of BPA
reported by S. C. Nagel et al., 1997 (see above) and F. S. vom Saal
et al., 1998 (see above), or of DES reported by F. S. vom Saal et al.,

Bisphenol A (BPA) is an important chemical used principally as a monomer in the manufacture of a multitude of
chemical products including epoxy resins and polycarbonate.
BPA has been extensively evaluated for toxicity in a variety of
tests in rodents, including developmental and reproductive
toxicity, and carcinogenicity (Morrissey et al., 1987, 1989;
NTP, 1982). Generally, BPA, which has shown a low order of
toxicity, was not a selective developmental or reproductive
toxicant, and was not carcinogenic to rats or mice. Several in
vitro and in vivo genotoxicity studies have been conducted, all
with negative results (BIBRA, 1989).
Although it has been known for several decades that BPA is
weakly estrogenic in specialized protocols (Bitman and Cecil,
1970; Dodds and Lawson, 1936), recently there has been
renewed attention to its estrogenicity. In 1993, Krishnan and
coworkers discovered that BPA leaching from autoclaved
polycarbonate flasks was confounding studies meant to determine if Saccharomyces cerevisiae produced estrogens. More
recently, Gaido et al. (1997) confirmed the weak estrogenicity
of BPA in vitro, showing it as ;15,000 times less potent than
17b-estradiol. Kuiper et al. (1997) demonstrated that BPA
could interact with both the a- and b-estrogen receptors.
The in vivo estrogenic potential of BPA was originally
demonstrated in short-term uterotrophic assays in rodents using
parenteral administration (Bitman and Cecil, 1970; Dodds and
Lawson, 1936). However, recent studies have demonstrated a
clear route-dependency in the magnitude of the uterotrophic
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response to BPA. Significantly larger oral doses were required
to produce an estrogenic response than were required subcutaneously (Laws and Carey, 1997; Twomey, 1998a,b). No
uterotrophic responses to BPA were observed at oral doses
ranging from 2 to 100,000 mg/kg/day, whereas the no-observed-effect levels (NOELs) following subcutaneous administration ranged from 2 to 1,000 mg/kg/day (Twomey,
1998a,b). This route-dependency in uterotrophic response is
consistent with the more extensive metabolic clearance of BPA
via the oral route, because significantly lower BPA concentrations in blood were present in orally-exposed rats when compared to the concentrations in rats dosed intraperitoneally or
subcutaneously (Pottenger et al., 1997). These data suggest
that the estrogenic properties of BPA have not been manifest in
previously conducted oral toxicity studies because of the relatively rapid metabolism and elimination of orally administered BPA and its low estrogenic potency.
Recently however, experiments by Nagel et al. (1997) and
vom Saal et al. (1998) reported that administration of low oral
doses of BPA to pregnant female mice (n, 5–7) on gestation
days (GD) 11–17 produced statistically significant increases in
the weights of the prostate and preputial glands, a decrease in
epididymis weights, and the efficiency of sperm production in
their male offspring. These results were not consistent with the
previously reported absence of reproductive or developmental
effects following oral BPA exposures.
Therefore, the objective of the present study was to repeat
the experiments of Nagel et al. (1997) and vom Saal et al.
(1998), using a larger number of animals per treatment group
in a testing environment rigorously controlled for levels of
light and sound, temperature, humidity, consistency of diet,
and housing of animals (including numbers of test animals per
cage, cage construction material, and nesting and bedding
materials).
MATERIALS AND METHODS
Study design. Since the present study was specifically undertaken to repeat
the experiments of Nagel et al. (1997) and vom Saal et al. (1998), the study
was designed to duplicate the procedures detailed in those reports as closely as
possible. The following exceptions in our study were: (1) larger numbers of
mice were used in all groups to increase the statistical power, and hence the
sensitivity, of the study. (2) Four BPA doses instead of 2 were used. (3) Two
methods were used for determination of sperm count. (4) Male offspring were
sacrificed at 90 days instead of 180 days, because effects on male sex accessory
organs were reportedly driven by the in utero BPA exposure, and sacrifice time
after puberty was not critical (vom Saal and Thayer, 1997, personal communication). (5) This study was performed and reported in accordance with U.S.
Environmental Protection Agency TSCA Good Laboratory Practice Standards
(40 CFR Part 792) and U.S. Food and Drug Administration Good Laboratory
Practice Regulation (21 CFR Part 58). (6) CF-1 mice used in the present study
were obtained from a commercial research laboratory animal supplier (Charles
River Laboratories, Portage, MI), whereas the CF-1 mice used in the Nagel and
vom Saal works were derived from a colony maintained at the University of
Missouri, Columbia, MO. (7) Finally, males were individually housed from the
time of weaning, because group housing of males (in triads) is known to
significantly affect the weight of sex accessory organs, including the prostate

TABLE 1
Assignment to Study
Number of animals
Group

Dose (mg/kg/day)

Dams a

Selected F 1 males b

1
2
3
4
5
6
7

Control
Control
0.2 DES
0.2 BPA
2 BPA
20 BPA
200 BPA

28
28
28
28
28
28
28

65
94
80
84
75
70
80

a

28 females/group were dosed on GD 11–17.
At weaning, the surviving males (maximum of 4 per litter) from each litter
were continued on study, untreated, until 90 days of age.
b

and preputial glands, with dominant males having significantly larger organ
weights than subordinate males (Bartos and Brain, 1993). In addition, food
consumption and growth in pregnant dams and their offspring were measured
throughout the study, as was later delivery and litter data.
Test materials. Bisphenol A (BPA) used in this study, with a purity of .
99%, was obtained from The Dow Chemical Company (Midland, MI). Diethylstilbestrol (DES), with a purity of 99%, was obtained from Sigma Chemical
Co. (St. Louis, MO). Tocopherol-stripped corn oil (from ICN Biomedicals
Inc., Aurora, OH) served as the vehicle and control substance.
Dose preparation and analysis. Appropriate amounts of BPA and DES
were mixed with tocopherol-stripped corn oil to achieve the desired concentrations. Fresh solutions were prepared weekly for each concentration and
stored in glass containers. Based on the expected body weight of 40 grams for
pregnant CF-1 mice at the midpoint of dosing (GD 14), 0.75mL/kg was
administered to each mouse. The dose solutions from each weekly preparation
were analyzed prior to dosing to determine that the BPA and DES concentrations were within 610% of targeted concentrations.
Animals and treatment. Time-mated female CF-1 mice were obtained
from Charles River Laboratories (Portage, MI). Upon receipt at the laboratory,
the mice were housed individually. During the 11-day acclimation period, all
mice were weighed on GD 0 and GD 10, observed daily for any clinical signs
of disease, and given a detailed physical examination prior to the start of the
study. Animals gaining .4.5 grams in body weight during the GD 0 –10
pre-exposure interval were randomized into seven groups on GD 10, using a
stratified (by weight) block randomization procedure, until 28 mice/treatment
group were assigned (Table 1). The weight gain criterion reduced placement of
non-pregnant females on the study.
On GD 11–17, the mice were dosed orally with BPA (0, 0.2, 2, 20, or 200
mg/kg/day) or DES (0.2 mg/kg/day) in a tocopherol-stripped corn oil vehicle,
by deposition into the mouth using a micropipetter (as reported by Nagel et al.
1997). All doses were adjusted daily, based on body weight, to provide
constant dose levels (Table 1).
Throughout the study, all mice were kept in an environmentally controlled
room with temperature and relative humidity maintained between 69 and 75°F
(21–24°C) and 43– 65%, respectively. Fluorescent lighting provided illumination 12 h/day via an automatic timer, and lighting levels were maintained
below 18 ft-candles (measured 1 m off the floor and approximately 1– 6 inches
in front of the cages on each side of the rack). Low-volume music was played
in the animal rooms to provide background noise (vom Saal and Thayer, 1997,
personal communication).
Diet food (Certified Rodent Chow #5002, PMI Feeds, Inc., St. Louis, MO)
and drinking water were available ad libitum. Certification analysis of each lot
of diet was performed by the manufacturer. The same lots of diet were
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provided to animals from all groups and at the same times, in order to control
across groups for possible variation in the content of the diet. Water was
available via glass bottles with Teflon seals during the exposure period.
Females were housed individually throughout the study, except during
lactation when they were housed with their litters. Adult females and weanling
males were individually housed in polypropylene plastic tubs with stainless
steel lids and corncob bedding. Males to be retained to 90 days were individually housed, following weaning, in suspended stainless steel, wire-mesh
cages.
In-life observations. All mice were observed at least twice a day, 7 days
a week, for morbidity, mortality, and signs of injury. During treatment (GD
11–17), a detailed clinical examination of each mouse was performed once
daily, then weekly after treatment stopped. Each weaned pup was given a daily,
detailed clinical examination on the day of weaning, for the 4 consecutive days
following weaning, and weekly thereafter until study termination.
Food consumption in time-mated females was recorded during the intervals
of GD 0 –7, 7–10, 10 –11, and 11–17. Following selection of females to be
placed on study, food consumption was measured during GD 11–17. After
parturition, food consumption was recorded twice during the first and second
weeks of lactation and at 2- to 3-day intervals during the last week of lactation.
For post-weaning males that were retained until 90 days-of-age, food consumption and body weight were recorded weekly, at the same time.
Time-mated females were weighed on GD 0, 10, and 11–18. Females that
delivered litters were weighed on postnatal days (PND) 1, 4, 7, 14, and 21.
Male and female pups were weighed individually on PND 1, 4, and 22. Each
male pup to be maintained to 90 days-of-age was weighed on PND 22 and
weekly thereafter.
Litter data. All litters were examined as soon as possible after delivery.
The day of parturition (PND 0) was recorded for each litter. The number of live
and dead pups and sex and weight of each pup were recorded for each litter on
PND 1, 4, and 22. In addition, any visible physical abnormalities or demeanor
changes during lactation were recorded for pups in each litter. To reduce the
variation in the growth of pups, litters were culled on PND 4 to 8 pups (8 males
when possible) using a computer-generated randomization procedure. If fewer
than 8 males were available, the appropriate number of females was retained
to achieve a total of 8 pups. Litters with 8 or fewer pups were not culled.
Preferential culling of runts was not performed. Culled pups were examined
externally for abnormalities, and were then euthanized.
Weaning of all litters was performed on PND 22. A maximum of 4 male
weanlings per litter were randomly selected, using a computer-generated
procedure, to continue on test to 90 days of age. Weanlings not held were
examined externally for abnormalities, and euthanized.
Necropsy and organ weights. A complete necropsy at 90 6 2 days of age
was performed on all retained male offspring. Dissection of the male reproductive organs was conducted with a high resolution dissection microscope
(Olympus model SZH10 Research Stereo Microscope, Leco Corporation, St.
Joseph, MI ) using the technique described below used by Nagel et al. (1997)
and documented by vom Saal and Thayer (1997, personal communication).
The dissections were conducted with the laboratory technicians blind to the
treatment group of each animal.
The preputial glands were carefully dissected free of fat and connective
tissue to the point where they entered the urethra and placed on and covered
with a paper towel. The fluid content of the glands was expressed prior to
weighing by placing them under a 5000-g weight for approximately 30 s
(65 s).
The testes with attached epididymides were removed. The epididymides
were carefully trimmed free from the testes and each testis (left and right) was
weighed separately. The right testis was frozen at approximately –70°C for the
measurement of daily sperm production. The left testis was fixed in 1.5%
gluteraldehyde/4% formaldehyde for microscopic examination. The right caudal epididymis was removed, weighed, and frozen at approximately –70°C for
epididymal sperm count. The left epididymis and the remainder of the right
epididymis were fixed in 10% neutral buffered formalin.
The abdominal cavity was then opened to expose the abdominal sex acces-

sory organs. The coagulating glands were carefully separated from the seminal
vesicle by blunt dissection, and collected. The seminal vesicles were carefully
separated from the ventral prostate by teasing the prostate back from the
seminal vesicle to the point where the seminal vesicle entered the urethra,
being careful not to rupture it. The seminal vesicles were placed on and
covered with a paper towel and the fluid content was expressed prior to
weighing by placing them under a 5000-g weight for approximately 30 s
(65 s). Both the coagulating glands and seminal vesicles were fixed in 10%
neutral buffered formalin.
The ventral and dorsal lobes of the prostate were carefully teased free of fat,
connective tissue, and urethra prior to removal of the entire prostate. The
prostate was then weighed and placed in 10% neutral buffered formalin. A
separate study showed the ability of the prosection technique to detect an
increase of prostate weight in young CF-1 mice induced by methyl testosterone
(data not shown).
The brain, liver, and kidneys of all 90-day old male offspring were removed
and weighed. Both absolute and relative (to body weight and to brain weight)
organ weights are reported.

Sperm parameters
Daily sperm production. Daily sperm production (DSP) was determined
following the general procedures outlined by Blazak et al. (1993), as revised
by Buchanan, 1997 (personal communication). The right testis was decapsulated, placed in a measured volume of physiologically buffered saline (PBS),
and homogenized. An aliquot of the homogenate was evaluated with a hemocytometer for the number of homogenization-resistant steps 17–19 sperm
heads. In the mouse, developing spermatids typically spend 4.84 days in steps
17–19 (Blazak et al., 1993). Thus, DSP can be estimated by dividing the
number of spermatids per testis by 4.84.
Epididymal sperm count. The right cauda epididymis was weighed,
placed in a measured volume of PBS, and homogenized. An aliquot of the
sperm/saline mixture was then counted in a hemocytometer. The hemocytometer count was multiplied by appropriate volume and dilution factors to give a
total cauda epididymal sperm count. A sperm count per gram of epididymal
tissue was obtained by dividing the total count by the gram weight of the cauda
epididymis.
Statistics. Two full groups (each with n, 28 ) of vehicle-exposed mice
(control groups) were used in this study (Table 1). Prior to statistical evaluation
of potential treatment-related effects, statistical analyses were performed on
these 2 groups. Because the 2 groups were not statistically different, potential
treatment-related effects were evaluated against the combined control values.
Descriptive statistics (means and standard deviations) were reported for food
consumption. Body weights, gestation/lactation body weight gains, organ
weights, sperm counts, sperm production, and litter sizes were analyzed using
the litter as the experimental unit (Haseman and Kupper, 1979). These data
were first analyzed by Levene’s test (Milliken and Johnson, 1992). If Levene’s
test was not significant (p . 0.01), an analysis of variance (ANOVA) was
conducted. If the ANOVA was significant (p , 0.05), a Dunnett’s test
(Dunnett, 1955) was performed. If the Levene’s test was significant (p , 0.01),
a rank transformation was performed on these data and an ANOVA was
conducted. If the ANOVA was significant (p , 0.05), the Wilcoxon Rank-Sum
Test (Conover, 1980) with Bonferroni’s correction was performed.
Fertility indices were analyzed by the Fisher exact probability test (Agresti,
1990) and Bonferroni’s correction was used for multiple testing of groups in
comparison to a single control. Evaluation of the neonatal sex ratio was
performed by the binomial distribution test (Gill, 1978). Survival indices and
other incidence data among neonates were analyzed, using the litter as the
experimental unit, by a non-parametric ANOVA. If the ANOVA was significant, the Wilcoxon Rank-Sum Test with Bonferroni’s correction was performed. The nominal alpha level used was 0.05.
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FIG. 1. Maternal body weights (gestation): Values represent mean body
weights of control pregnant mice and pregnant mice dosed with DES or BPA.
Error bars are not shown, for clarity. There were no statistically significant
differences among treatment groups.

RESULTS

Test Articles Dose Verification
Concentration analyses for BPA and DES in dose solutions
were conducted each week prior to the use of dose solutions for
treatment. The average measured concentrations ranged from
93 to 109% of the nominal values throughout the study.
Animal Health Status Evaluations
Dams. No differences in clinical observations were observed between the control and the DES or BPA groups. A
total of 8 dams died (2 in the controls, 1 in the DES group, 3
in the 0.2-mg/kg/day BPA group, and 1 in each of the 2- and
20-mg/kg/day BPA groups) and one was euthanized in extremis
in the 0.2-mg/kg/day BPA group during the lactation period.
The cause of death or moribundity of these animals could not
be determined.
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FIG. 3. Summary of F1 body weights. Values represent mean body
weights of male offspring of mice dosed during GD 11–17. Error bars are not
shown, for clarity. *indicates some group(s) statistically different from control
values (p # 0.05); see text for details.

No consistent differences in food consumption were observed during gestation or lactation in the DES- or BPA-treated
animals when compared to the control group. Gestation and
lactation body weights are summarized in Figures 1 and 2. No
statistically significant differences in body weights or body
weight changes were observed between the control group and
the DES or BPA groups.
F 1 Male Offspring. No treatment-related effects on the
incidence of clinical observations were observed in post-weaning males. Food consumption was similar between the control
group and the DES and BPA treatment groups during the
post-weaning period.
Body weights of male offspring are summarized in Figure 3.
No statistically significant differences in body weights were
observed between the control group and the DES group during
the post-weaning period. When compared to control values,
statistically significantly higher body weights were observed in
the 0.2-mg/kg/day BPA dose group on PND 57, 2-mg/kg/day
BPA dose group on PND 36, and 20-mg/kg/day BPA dose
group on PND 36, 50, 57, and 64 (Fig. 3). Body weights at
sacrifice on day 90 were found significantly higher for the 20and 200-mg/kg/day BPA dose groups. Body weight differences
showed no overall relationship to treatment with BPA, since
there was neither a consistent trend within or across dose
groups nor evidence of a dose-response relationship, whether
inverse or proportional to dose.
Litter Data

FIG. 2. Maternal body weights (lactation): Values represent mean body
weights of control lactating mice and lactating mice dosed with DES or BPA.
Error bars are not shown, for clarity. There were no statistically significant
differences among treatment groups.

No statistically significant differences in the fertility index
were observed between the control group and the DES or BPA
groups (data not shown). Delivery and litter data are shown in
Table 2. No statistically significant differences in the gestation
index, duration of gestation, total live-born index, viability
index, lactation index, number of live pups per litter on PND
Days 0, 1, 4, or 22, or pup sex ratio were observed in the DES-
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TABLE 2
Natural Delivery and Litter Data Summary

Females on study (n)
Females pregnant (n)
Females with live-born (n)
Gestation index (%)
Duration of gestation (days)
Total pups born/litter (n)
Stillborn (%)
Pups surviving 1 day (%)
Pups surviving 4 days (%)
[viability index]
Pups surviving 22 days (%)
[lactation index]
Live pups/litter c :
Day 0
Day 1
Day 4 preculling
Day 22
Male sex ratio–Day 0 (%)

0 mg/kg/day corn oil

0.2 mg/kg/day DES

0.2 mg/kg/day BPA

2 mg/kg/day BPA

20 mg/kg/day BPA

200 mg/kg/day BPA

56
51
48
94
19.22 6 0.73 a (51) b
12.37 6 3.02 (51)
7 (51)
96 (48)
89 (48)

28
27
25
93
19.56 6 0.97 (27)
10.44 6 4.09 (27)
14 (27)
99 (25)
98 (25)

28
27
27
100
19.7 6 0.38 (27)
10.78 6 2.78 (27)
5 (27)
97 (27)
90 (27)

28
25
24
96
19.52 6 0.77 (25)
10.84 6 4.36 (25)
9 (25)
99 (24)
98 (24)

28
27
24
89
19.48 6 0.94 (27)
10.19 6 3.91 (27)
16 (27)
93 (24)
90 (24)

28
27
25
93
19.33 6 0.92 (27)
9.60 6 3.85* (27)
8 (27)
100 (25)
98 (25)

88 (47)

90 (25)

91 (25)

92 (24)

81 (24)

91 (25)

11.37 6 4.09 (51)
11.56 6 3.35 (48)
10.91 6 3.486 d (45)
6.77 6 2.54 (48)
49.8

9.63 6 4.73 (27)
10.32 6 3.90 (25)
10.16 6 3.82 (25)
6.36 6 2.50 (25)
52.3

10.26 6 2.99 (27)
10.00 6 3.29 (27)
9.26 6 3.97 (27)
6.19 6 2.91 (27)
55.2

10.36 6 4.93 (25)
10.67 6 4.46 (24)
10.54 6 4.38 (24)
6.33 6 2.73 (24)
61.8

9.22 6 4.49 (27)
9.63 6 4.06 (24)
9.33 6 4.00 (24)
6.04 6 3.13 (24)
50.2

9.37 6 4.11 (27)
10.08 6 3.16 (25)
9.84 6 3.08 (25)
6.76 6 2.17 (25)
51.4

Mean 6 SD.
Number in parentheses represents litters per group.
c
Dams that delivered an entire litter with only stillborn pups are excluded from Days 1, 4, and 22 statistics.
d
Three litters were inadvertently culled on Day 3 and have been excluded from the mean.
*Significantly different from the control group mean (p # 0.01).
a

b

or BPA-treated animals when compared to the control group.
The total number of pups born per litter was statistically lower
in the 200-mg/kg/day BPA dose group when compared to the
control group. The control value for this endpoint was higher
than typically observed in this strain of mouse (9 –10 pups/
litter; Charles River, 1998, personal communication to W. J.
Breslin) and the value for the 200-mg/kg/day-BPA group was
the same as the historical controls; therefore, this change was
not considered treatment-related. No statistically significant
differences in pup weights on PND 1, 4, or 22 were observed
between the control group and the DES or BPA dose groups

(Fig. 3). No physical abnormalities or demeanor changes were
observed in pups of any litter.
Organ Weights
Organ weights are summarized in Table 3. There were no
treatment-related effects of BPA on prostate, preputial gland,
seminal vesicle, or epididymis weights (either absolute or
relative to brain or body weight) for any treatment groups. In
addition, there were no treatment-related effects on absolute
organ weights for the male offspring of DES- or BPA-treated

TABLE 3
Males: Summary of Organ Weight Values
Parameter
measured (g)

0 mg/kg/day
corn oil (44) a

0.2 mg/kg/day
DES (23)

0.2 mg/kg/day
BPA (23)

2 mg/kg/day
BPA (22)

20 mg/kg/day
BPA (18)

200 m(g) g/kg/day
BPA (24)

Body weight
Brain
Epididymis
Right caudal
epididymis
Kidney
Liver
Preputial gland
Prostate
Seminal vesicle
Testis, left
Testis, right

34.680 6 2.3037 b
0.461 6 0.0156
0.094 6 0.008

34.869 6 2.4290
0.458 6 0.0194
0.095 6 0.0075

36.311 6 2.5686
0.460 6 0.0171
0.096 6 0.0069

35.702 6 2.3254
0.465 6 0.0189
0.095 6 0.0051

36.989 6 2.6023**
0.467 6 0.0240
0.096 6 0.0082

36.466 6 3.2988*
0.460 6 0.0166
0.095 6 0.0080

0.012 6 0.0020
0.828 6 0.0616
2.222 6 0.2059
0.102 6 0.0150
0.039 6 0.0067
0.107 6 0.0145
0.116 6 0.0120
0.123 6 0.0121

0.012 6 0.0017
0.823 6 0.0767
2.193 6 0.1930
0.095 6 0.0168
0.039 6 0.0050
0.105 6 0.0095
0.115 6 0.0097
0.120 6 0.0110

0.012 6 0.0015
0.897 6 0.0842
2.332 6 0.2285
0.104 6 0.0145
0.042 6 0.0090
0.110 6 0.0115
0.114 6 0.0089
0.121 6 0.0091

0.012 6 0.0016
0.855 6 0.1017
2.317 6 0.2693
0.100 6 0.0150
0.039 6 0.0081
0.105 6 0.0106
0.117 6 0.0078
0.123 6 0.0084

0.013 6 0.0021
0.871 6 0.0553
2.339 6 0.1985
0.104 6 0.0123
0.041 6 0.0069
0.113 6 0.0165
0.116 6 0.0101
0.123 6 0.0110

0.012 6 0.0022
0.843 6 0.0787
2.348 6 0.2871
0.098 6 0.0180
0.040 6 0.0077
0.110 6 0.0149
0.116 6 0.0110
0.122 6 0.0119

a

Number in parentheses represents litters per group.
Mean 6 SD.
*Significantly different from the control group mean (p # 0.05).
**Significantly different from the control group mean (p # 0.01).
b
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FIG. 4. Cauda epididymal sperm
concentrations (10 8/g epididymis),
daily sperm production (10 6/day), and
efficiency of sperm production (10 6/g
testis/day) of adult (90 day) male offspring of mice dosed during GD 11–
17. Values represent means 6 SD.
There were no statistically significant
differences among treatment groups.

dams. A few statistically significant changes were found in the
relative organ weights in the offspring of BPA-treated mice,
but these differences could not be attributed to treatment (data
not shown). The relative brain weight was slightly decreased
(;5%) in the 0.2-, 20-, and 200-mg/kg/day BPA groups. These
differences are explained by the slightly higher body weights
found in these groups relative to the negative controls (;4 –
6%). In addition, the kidney to brain ratio for the 0.2-mg/kg/
day BPA group was higher than controls; this was spurious and
had no relationship to test article administration, since no other
BPA-treated group had differences in this ratio.
Cauda Epididymal Sperm Concentration, Daily Sperm
Production, and Efficiency of Sperm Production
Cauda epididymal sperm concentration, daily sperm production, and the efficiency of sperm production are summarized in
Figure 4. No statistically significant differences in cauda epididymis sperm concentration, daily testis sperm production, or
the efficiency of sperm production (DSP/g testis) were observed between the control group, DES group, or any of the
BPA groups. Of the groups examined, the mean values for
cauda epididymis sperm concentration and testes sperm production were lowest in the male offspring of dams given 200
mg/kg/day of BPA, although these values were not statistically
different from control values.
Pathology
Macroscopic. There were no treatment-related macroscopic or microscopic changes observed in adult females,
pre-weaning pups, or post-weaning males.
Microscopic. There were no treatment-related effects observed microscopically. Rarely, focal to diffuse atrophy of the
seminiferous tubules was noted across test and control groups

(one control animal, one 20-mg/kg/day animal and one 200mg/kg/day animal). Affected tubules were smaller than normal,
and, generally, were lined by Sertoli cells with absence of the
spermatogenic epithelium. Occasionally, some tubules which
appeared otherwise normal contained spermatid giant cells
(giant cells, syncytial). Although stage-specific frequency histograms were not prepared, all testes appeared to have all
spermatogenesis stages evident with normal maturation and
spermatid release. The changes noted microscopically were
considered incidental and spontaneous and were typical of
those seen in this age and strain of laboratory mouse.
DISCUSSION

The present study was limited in scope because it was
designed specifically to replicate the findings in the recent
reports of Nagel et al. (1997) and vom Saal et al. (1998). These
investigators reported that exposure of pregnant mice to extremely low doses of BPA (2 or 20 mmg/kg/day) was causally
related to an increase in prostate and preputial gland weights,
a decrease in epididymal weights, and the efficiency of sperm
production in their adult male offspring. Attempts in the
present study to control factors, deemed critical by the original
investigators to the replication of their findings, included
matching animal housing conditions in terms of sound and
lighting, and strict adherence to the oral dosing and prostate
prosection techniques used by vom Saal and Thayer (personal
communication during MPI research staff and sponsor sitevisit to University of Missouri, Columbia, Missouri, April 25,
1997, for study review and prostate prosection training; this
training was documented on videotape).
Differences in study design and conduct between the present
work and that of Nagel et al (1997) and vom Saal et al (1998)
included, for our study, the following:
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(1) Increase in the number of animals used per group
(2) Increase in the number of BPA test doses evaluated
(3) Use of 2 methods for determination of sperm count
(4) Sacrifice of male offspring at 90 instead of 180 days, to
take better advantage of the more relevant in utero BPA
exposure time (vom Saal and Thayer, 1997, personal communication).
(5) Reporting and performance in accordance with Good
Laboratory Practice Standards
(6) Use of CF-1 mice from a commercial research laboratory animal supplier (as opposed to the CF-1 mice used in the
Nagel and vom Saal work described in Materials and Methods)
(7) Individual housing of males from the time of weaning,
based on the findings of Bartos and Brain (1993), as described
in Materials and Methods. In addition, test and control material, dosing concentrations, food consumption, and growth in
pregnant dams and their offspring were measured throughout
the study, as was delivery and litter data
These differences strengthened the present study and added
confidence to the findings issuing from it. However, even with
these attempts to duplicate the conditions of Nagel et al. (1997)
and vom Saal et al. (1998), the observations reported therein
were not confirmed in the present investigation.
Although the “maximum effect” oral dose of DES was used
in this study as previously reported and recommended (vom
Saal, 1996, vom Saal et al., 1997), no effects on prostate
weight due to DES treatment were observed in this study. It
should be noted that this dose of DES was nearly 3 orders of
magnitude below that reported by other researchers to produce
effects on the male offspring of dams dosed by subcutaneous
injection (100 mg/kg/day) (McLachlan, 1981; Newbold, 1995).
The no-observed-effect level (NOEL) for male offspring in the
studies of McLachlan and Newbold was 10 mg/kg/day, nearly
2 orders of magnitude higher than the dose used in the current
study. Pylkkanen and coworkers (1996) have reported that the
subcutaneous injection of 2 mg per pup DES into 1- to 3-day
old male mice neonates resulted in an increase in prostate
weight; however, this direct subcutaneous dose to the males
was about 727 mg/kg/day (about 3600 times higher than the
oral dose to the dams used in the current study). Further, the
NOEL expected for oral exposure to DES would be even
higher than the 10 mg/kg/day NOEL determined by Newbold
and McLachlan, because of the extensive conjugative metabolism of DES in both the intestinal wall and liver (Metzler,
1981). Therefore, although the absence of any effect of DES
was inconsistent with the findings reported by vom Saal et al.
(1997), these findings were consistent with the previously
reported NOELs for DES effects to male offspring.
The absence of DES-induced effects on maternal and litter
parameters, at a dose of 0.2 mg/kg/day, is also consistent with
the published literature. Studies in rats with DES have shown
significant effects on fetal survival (34% incidence of resorptions versus 3% in controls) at 45 mg/kg/day (dams gavaged on

GD 6 –18); higher doses (200 mg/kg/day) produced 100%
embryolethality (Cornwall et al., 1984). Decreased fertility as
an effect of DES was also observed in female mice whose
mothers received subcutaneous doses from 0.01 to 100 mg/kg/
day (McLachlan et al., 1982), but this occurred only after
several weeks of continuous breeding at the doses below 2.5
mg/kg/day. Another continuous breeding protocol with dietary
DES produced significant effects in parental males, including
lower sperm concentration and fertility, at 50 ppb (;8 mg/kg/
day), but no effects at 10 ppb (;1.5 mg/kg/day) (Reel et al,
1985a).
No treatment-related effects on clinical observations, body
weight, or food consumption were observed in adult females
administered BPA at doses of 0.2, 2, 20, or 200 mg/kg/day.
Similarly, no treatment-related effects on growth or survival of
offspring from dams were observed at any BPA dose. The total
number of pups born per litter was statistically lower in the
200-mg BPA/kg/day dose group when compared to the control
group, but this change was not considered treatment-related
since the slightly lower value for litter size was within the
normal historical range for this strain of mouse (9 –10 pups/
litter; Charles River, 1998). In addition, previous studies have
not shown BPA effects on litter size in mice at higher doses
(Morrissey et al., 1987). There was an increase in the percentage of litters with resorptions at BPA doses of 1250, but not
500, 750, or 1000 mg/kg/day following treatment on GD 6 –15.
At the 1250-mg/kg/day BPA dose, there was ample evidence
of systemic toxicity, such as effects on maternal body weights
and liver weights. Similarly, Reel et al., (1985b) reported a
reduction in the number of pups per litter at BPA doses in the
feed of 0.5 or 1.0% (;875 or 1750 mg/kg/day), but not at 0.25
% (;437 mg/kg/day) in a mouse reproductive toxicity study
using a continuous-breeding design. The highest dose also
caused maternal body, liver, and kidney weight effects (Reel et
al., 1985b).
The lack of effect on daily sperm production (DSP) following BPA administration in the present study is consistent with
the previous report of vom Saal et al. (1998). These observations are also consistent with the absence of any histopathological effects in the testes or decrease in testicular weight in
the male offspring of BPA-treated dams. However, the lack of
an effect on the efficiency of sperm production (DSP/g testis)
observed in this study is in contrast with the results from vom
Saal et al. (1998). Since vom Saal reported that the mice
treated with 20 mg/kg/day of BPA had the highest testes weight
and lowest DSP in their offspring (although neither were
statistically different from control), the statistically lower value
of efficiency derived from these 2 measurements could have
been due to chance alone. Furthermore, there were no treatment-related effects of BPA on absolute or relative weights of
preputial glands, seminal vesicles, or epididymis at any dose in
the present study. The absolute organ weights for preputial
glands and seminal vesicles in the present study were approximately twice that found by vom Saal and coworkers, which
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could be explained by the difference in housing of the male
weanlings. The original investigators caged the weanling males
together in group housing for 5 months,before separating them
until sacrifice at six months. In this study, the male offspring
were individually caged from the day of weaning. Individually
housed mice are not subject to the influence of group housing,
which is known to significantly affect the weight of sex accessory organs, including the prostate and preputial glands, with
dominant males and individually-housed males having significantly larger organ weights than subordinate males (Bartos
and Brain, 1993). If the effect of group housing on sex accessory organs that occurred during the 5 months of group housing
in the prior studies (Nagel et al., 1997; vom Saal et al., 1997,
1998) was not fully reversed in the one month when the
animals were housed individually, then the inadvertent random
selection of subordinate versus dominant males across treatment groups may account for the previous findings.
In conclusion, under the conditions of this study, there
were no effects on the weights of the prostate, preputial
glands, epididymis, or other reproductive organ weights in
the offspring of BPA- or DES-treated dams. In addition,
sperm parameters of male offspring from dams exposed to
very low doses of BPA or DES during gestation were not
statistically different from controls. The absence of adverse
findings in the offspring of dams treated orally with DES
challenges the “low-dose hypothesis” of a special susceptibility of mammals exposed perinatally to ultra low doses of
even potent estrogenic chemicals. Based on the data in the
present study and the considerable body of literature on
effects of BPA at similar and much higher doses, BPA
should not be considered as a selective reproductive or
developmental toxicant.
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