TOXICOLOGICAL SCIENCES50, 36—44 (1999)
Copyright © 1999 by the Society of Toxicology

Normal Reproductive Organ Development in CF-1 Mice following
Prenatal Exposure to Bisphenol A

S. Z. Cagen,* J. M. Waechter, Jr.,t S. S. Dimond,¥ W. J. Breslin,§ J. H. Butala,{ F. W. Jekat,|| R. L. Joiner,}
R. N. Shiotsuka,||| G. E. Veenstra,# and L. R. Harris**

*Shell Chemical Co., Houston, Texasihe Dow Chemical Co., Midland, MichigadGeneral Electric Co., Pittsfield, Massachuse@8PI Research,
Mattawan, Michigan;fConsultant to Aristech, Pittsburgh, PennsylvaniBayer AG, Wuppertal, Germanj|Bayer Corp., Stilwell, KS;
#Shell Chemicals Ltd., London, England; afdThe Society of the Plastics Industry, Inc., Washington, DC

Received November 12, 1998; accepted February 4, 1999

Bisphenol A (BPA) is a monomer used in the manufacture of a
multitude of chemical products, including epoxy resins and poly-
carbonate. 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 his-
topathology in the offspring of female mice exposed to low doses
of BPA (0, 0.2, 2, 20, or 200 ug/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 addi-
tional group was dosed orally with 0.2 pg/kg/day of diethylstil-
bestrol (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 treat-
ment-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-ug/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.,

1997 (see above) were not observed. The absence of adverse find-
ings 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 consid-
erable body of literature on effects of BPA at similar and much
higher doses, BPA should not be considered as a selective repro-
ductive or developmental toxicant.

Key Words: bisphenol A; CF-1 mouse; developmental; male
reproduction; diethylstilbestrol.

Bisphenol A (BPA) is an important chemical used princi-
pally 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 (Morrissegt 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
vitro andin 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 deter-
mine if Saccharomyces cerevisigeoduced estrogens. More
recently, Gaideet al. (1997) confirmed the weak estrogenicity
of BPA in vitro, showing it as~15,000 times less potent than
17B-estradiol. Kuiperet al. (1997) demonstrated that BPA
could interact with both the:- and B-estrogen receptors.

The in vivo estrogenic potential of BPA was originally
demonstrated in short-term uterotrophic assays in rodents using

' To whom all correspondence should be addressed at The Society of %renteral administration (Bltman and_CeC|I, 1970; Dodds and
Plastics Industry, Inc., 1801 K Street NW, Suite 600K, Washington, DE@Wso0N, 1936). However, recent studies have demonstrated a
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clear route-dependency in the magnitude of the uterotrophic
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response to BPA. Significantly larger oral doses were required TABLE 1

to produce an estrogenic response than were required subcu- Assignment to Study
taneously (Laws and Carey, 1997; Twomey, 1998a,b). No
uterotrophic responses to BPA were observed at oral doses
ranging from 2 to 100,00Qwg/kg/day, whereas the no-ob-,
served-effect levels (NOELSs) following subcutaneous admin

Number of animals

p Dose fg/kg/day) Dams Selected Fmales

istration ranged from 2 to 1,00Qug/kg/day (Twomey, 1 Control 28 65
1998a,b). This route-dependency in uterotrophic response i8 Control 28 94
consistent with the more extensive metabolic clearance of BPA 0.2 DES 28 80

) S 0.2 BPA 28 84
via the oral route, because significantly lower BPA concentra-; 2 BPA 28 75
tions in blood were present in orally-exposed rats when com— 20 BPA 28 70
pared to the concentrations in rats dosed intraperitoneally or 200 BPA 28 80

subcutaneously (Pottenget al, 1997). These data suggest
that the estrogenic properties of BPA have not been manifest in28 females/group were dosed on GD 11-17. _ _

. .. . At weaning, the surviving males (maximum of 4 per litter) from each litter
previously conducted oral toxicity studies because of the rel- " o4 on study, untreated, until 90 days of age.
atively rapid metabolism and elimination of orally adminis-
tered BPA and its low estrogenic potency.

Recently however, experiments by Nlawlal'. (1997) and and preputial glands, with dominant males having significantly larger organ
vom Saalet al. (1998) reported that administration of low oralyeights than subordinate males (Bartos and Brain, 1993). In addition, food

doses of BPA to pregnant female miag 6—7) on gestation consumption and growth in pregnant dams and their offspring were measured
days (GD) 11-17 produced statistically significant increasestificughout the study, as was later delivery and litter data.

the weights of the prostate and preputial glands, a decrease ifest materials. Bisphenol A (BPA) used in this study, with a purity of
epididymis Weights, and the efficiency of sperm pI’OdUCtiOﬂ 9%, was obtained from The Dow Chemical Company (Midland, MI). Dieth-

their male offspring. These results were not consistent with t Istilbestrol (DES), with a purity of 99%, was obtained from Sigma Chemical
pring. 8 (St. Louis, MO). Tocopherol-stripped corn oil (from ICN Biomedicals

previously reported absence of reproductive or development@l, aurora, OH) served as the vehicle and control substance.

effects followmg oral BPA EXposures. Dose preparation and analysis. Appropriate amounts of BPA and DES
Therefore, the objective of the present study was to rep@ake mixed with tocopherol-stripped corn oil to achieve the desired concen-
the experiments of Nagedt al. (1997) and vom Saatt al. trations. Fresh solutions were prepared weekly for each concentration and
(1998), using a larger number of animals per treatment groﬁfﬁfed in glass containers. Base_d on the expe(_:ted body weight of 40 grams for
in a testing environment rigorously controlled for levels offé9nant CF-1 mice at the midpoint of dosing (GD 14), 0.75mL/kg was

ligh d d h idi . f di administered to each mouse. The dose solutions from each weekly preparation
ight and sound, temperature, humidity, consistency o '%ere analyzed prior to dosing to determine that the BPA and DES concentra-

and housing of animals (including numbers of test animals pfJhs were within=10% of targeted concentrations.
cage, cage construction material, and nesting and beddingnimals and treatment. Time-mated female CF-1 mice were obtained

materials). from Charles River Laboratories (Portage, Ml). 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
MATERIALS AND METHODS 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
Study design. Since the present study was specifically undertaken to repgak-exposure interval were randomized into seven groups on GD 10, using a
the experiments of Nageit al. (1997) and vom Saat al. (1998), the study stratified (by weight) block randomization procedure, until 28 mice/treatment
was designed to duplicate the procedures detailed in those reports as closetyr@sp were assigned (Table 1). The weight gain criterion reduced placement of
possible. The following exceptions in our study were: (1) larger numbers nbn-pregnant females on the study.
mice were used in all groups to increase the statistical power, and hence th@n GD 11-17, the mice were dosed orally with BPA (0, 0.2, 2, 20, or 200
sensitivity, of the study. (2) Four BPA doses instead of 2 were used. (3) Twa/kg/day) or DES (0.2wg/kg/day) in a tocopherol-stripped corn oil vehicle,
methods were used for determination of sperm count. (4) Male offspring werg deposition into the mouth using a micropipetter (as reported by Nage!
sacrificed at 90 days instead of 180 days, because effects on male sex acced98%). All doses were adjusted daily, based on body weight, to provide
organs were reportedly driven by threuteroBPA exposure, and sacrifice time constant dose levels (Table 1).
after puberty was not critical (vom Saal and Thayer, 1997, personal commu-Throughout the study, all mice were kept in an environmentally controlled
nication). (5) This study was performed and reported in accordance with UrBom with temperature and relative humidity maintained between 69 and 75°F
Environmental Protection Agency TSCA Good Laboratory Practice Standai@i—-24°C) and 43-65%, respectively. Fluorescent lighting provided illumina-
(40 CFR Part 792) and U.S. Food and Drug Administration Good Laborataiipn 12 h/day via an automatic timer, and lighting levels were maintained
Practice Regulation (21 CFR Part 58). (6) CF-1 mice used in the present stba@jow 18 ft-candles (measwtd m off the floor and approximately 1-6 inches
were obtained from a commercial research laboratory animal supplier (Chaiilegront of the cages on each side of the rack). Low-volume music was played
River Laboratories, Portage, Ml), whereas the CF-1 mice used in the Nagel amthe animal rooms to provide background noise (vom Saal and Thayer, 1997,
vom Saal works were derived from a colony maintained at the University personal communication).
Missouri, Columbia, MO. (7) Finally, males were individually housed from the Diet food (Certified Rodent Chow #5002, PMI Feeds, Inc., St. Louis, MO)
time of weaning, because group housing of males (in triads) is known amd drinking water were availab&l libitum Certification analysis of each lot
significantly affect the weight of sex accessory organs, including the prostatediet 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 contsolry organs. The coagulating glands were carefully separated from the seminal
across groups for possible variation in the content of the diet. Water wassicle by blunt dissection, and collected. The seminal vesicles were carefully
available via glass bottles with Teflon seals during the exposure period. separated from the ventral prostate by teasing the prostate back from the

Females were housed individually throughout the study, except duriggminal vesicle to the point where the seminal vesicle entered the urethra,
lactation when they were housed with their litters. Adult females and weanlibging careful not to rupture it. The seminal vesicles were placed on and
males were individually housed in polypropylene plastic tubs with stainleggvered with a paper towel and the fluid content was expressed prior to
steel lids and corncob bedding. Males to be retained to 90 days were i”di‘&%ighing by placing them under a 5000-g weight for approximately 30 s
ually housed, following weaning, in suspended stainless steel, wire-mgshs s). Both the coagulating glands and seminal vesicles were fixed in 10%
cages. neutral buffered formalin.

In-life observations. All mice were observed at least twice a day, 7 days The ventral and dorsal lobes of the prostate were carefully teased free of fat,
a week, for morbidity, mortality, and signs of injury. During treatment (GQxonnective tissue, and urethra prior to removal of the entire prostate. The
11-17), a detailed clinical examination of each mouse was performed onsestate was then weighed and placed in 10% neutral buffered formalin. A
daily, then weekly after treatment stopped. Each weaned pup was given a dajparate study showed the ability of the prosection technique to detect an
detailed clinical examination on the day of weaning, for the 4 consecutive dajgrease of prostate weight in young CF-1 mice induced by methyl testosterone
following weaning, and weekly thereafter until study termination. (data not shown).

Food consumption in time-mated females was recorded during the intervalsrhe prain, liver, and kidneys of all 90-day old male offspring were removed

of GD 0-7, 7-10, 10-11, and 11-17. Following selection of females to B weighed. Both absolute and relative (to body weight and to brain weight)
placed on study, food consumption was measured during GD 11-17. Aftgfa, weights are reported.

parturition, food consumption was recorded twice during the first and secon
weeks of lactation and at 2- to 3-day intervals during the last week of lactation.
For pqst—weanlng male_s that were retained until 90 days—of—age, food C@perm parameters
sumption and body weight were recorded weekly, at the same time.

Time-mated females were weighed on GD 0, 10, and 11-18. Females thaIf)aily sperm production. Daily sperm production (DSP) was determined

sﬂe;:\ée;ig :‘Iet)tr?]Zewel;eswvilegrgev(\j/e(i)nhggsi;nc;f/?cli:;){so(r'?,;ﬁ)Dli 4;1 76;”1*4’2; ngaﬁlowing the general procedures outlined by Blazdlal. (1993), as revised
pup 9 Y T ) Buchanan, 1997 (personal communication). The right testis was decapsu-

male pup to be maintained to 90 days-of-age was weighed on PND 22 Nd . . . -
weekly thereafter. ?ated, placed in a measured volume of physiologically buffered saline (PBS),

) . . . ~and homogenized. An aliquot of the homogenate was evaluated with a hemo-
Litter data. All litters were examined as soon as possible after de"ver¥:ytometer for the number of homogenization-resistant steps 17-19 sperm

The day of parturition (PND 0) was recorded for each litter. The number of "‘ﬁaeads In the mouse. develoning spermatids typically spend 4.84 davs in steps
and dead pups and sex and weight of each pup were recorded for each Iittew_n ’ ' PIng Sp typically sp ’ y P

PND 1, 4, and 22. In addition, any visible physical abnormalities or demeanoﬂmlt?er(ilfaszale(?;:tli-c‘islg?j)t.eltri]:i ZSSF; can be estimated by dividing the
changes during lactation were recorded for pups in each litter. To reduce ﬂ1e P P y &.68.
variation in the growth of pups, litters were culled on PND 4 to 8 pups (8 malesEpididymal sperm count. The right cauda epididymis was weighed,
when possible) using a computer-generated randomization procedure. If fepleced in a measured volume of PBS, and homogenized. An aliquot of the
than 8 males were available, the appropriate number of females was retaiserm/saline mixture was then counted in a hemocytometer. The hemocytom-
to achieve a total of 8 pups. Litters with 8 or fewer pups were not culleéter count was multiplied by appropriate volume and dilution factors to give a
Preferential culling of runts was not performed. Culled pups were examinestal cauda epididymal sperm count. A sperm count per gram of epididymal
externally for abnormalities, and were then euthanized. tissue was obtained by dividing the total count by the gram weight of the cauda
Weaning of all litters was performed on PND 22. A maximum of 4 malepididymis.
weanlings per litter were randomly selected, using a computer-generate
procedure, to continue on test to 90 days of age. Weanlings not held w
examined externally for abnormalities, and euthanized.

%tatistics. Two full groups (each witt, 28 ) of vehicle-exposed mice

?crgntrol groups) were used in this study (Table 1). Prior to statistical evaluation

) of potential treatment-related effects, statistical analyses were performed on
Necropsy and organ wel.ghts.A complete_ necrqpsy aF 98 2 days of age these 2 groups. Because the 2 groups were not statistically different, potential

was performed on all retained male offspring. Dissection of the male rePaatment-related effects were evaluated against the combined control values.

ductive organs was conducted with a high r_esolutlon dissection m'CrQSCOp%escriptive statistics (means and standard deviations) were reported for food
(Olympus model SZH10 Research Stereo Microscope, Leco Corporation, St.

Soseph, W1 sing ne echraue decried el s b gl 1997) 177, SO0y wEr, gesatintacatn bty e s, re
and documented by vom Saal and Thayer (1997, personal communicati H‘Zg » SP SP P ' Y 9

The dissections were conducted with the laboratory technicians blind to the I|t]£ertas tt|1e e;%en[nentallurtm iHlaﬁ?kman ar;dJ K#pper, 11:;29).':'|t_1ese d?ta
treatment group of each animal. were first analyzed by Levene’s test (Milliken and Johnson, ). If Levene’s

The preputial glands were carefully dissected free of fat and connecti’i’?t was not significanip(> 0.01), gn .e.lnaly3|s of variance (ANOV,A) was
tissue to the point where they entered the urethra and placed on and cové&fdifiucted. If the ANOVA was significantp(< 0.05), a Dunnett's test
with a paper towel. The fluid content of the glands was expressed prior {3unnett, 1955) was performed. If the Levene's test was signifigantQ.01),
weighing by placing them under a 5000-g weight for approximately 30 & rank transformation was pe_rfor_n_wed on these data_and an ANOVA was
(=5 s). conducted. If the ANOVA was significanp (< 0.05), the Wilcoxon Rank-Sum

The testes with attached epididymides were removed. The epididymidest (Conover, 1980) with Bonferroni's correction was performed.
were carefully trimmed free from the testes and each testis (left and right) wagertility indices were analyzed by the Fisher exact probability test (Agresti,
weighed separately. The right testis was frozen at approximately —70°C for ##90) and Bonferroni’s correction was used for multiple testing of groups in
measurement of daily sperm production. The left testis was fixed in 1.508mparison to a single control. Evaluation of the neonatal sex ratio was
gluteraldehyde/4% formaldehyde for microscopic examination. The right caeerformed by the binomial distribution test (Gill, 1978). Survival indices and
dal epididymis was removed, weighed, and frozen at approximately —70°C fgher incidence data among neonates were analyzed, using the litter as the
epididymal sperm count. The left epididymis and the remainder of the rigakperimental unit, by a non-parametric ANOVA. If the ANOVA was signif-
epididymis were fixed in 10% neutral buffered formalin. icant, the Wilcoxon Rank-Sum Test with Bonferroni's correction was per-

The abdominal cavity was then opened to expose the abdominal sex acéasned. The nominal alpha level used was 0.05.
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—e—0 pig/kg/day com oil (contral)
——0.2 pgikg/day DES

—0.2 ugikg/day BPA

20 —o—2 igikg/day BPA

—e—20 ug/kg/day BPA

—=— 200 pgtkgiday BPA

—e— 0 ug/kg/day com ol (control)
—a— 0.2 yig/kg/day DES
—s— 0.2 pgikgiday BPA
—o—2 pg/kg/day BPA
—e—20 ugfkgfday BPA
—=—200 ug/kg/day BPA

20

Body Weight {Grams)

Body Weight (Grams)

20 -

0 10 1 12 13 14 15 18 17 18 0 - -
1 4 22 20 3% 4 50 57 6 71 T8 85
Gestation Day
Age (Days)

EIG. 1. Maternal body we'ights (gestation): Vglues repre;ent mean bOdyFIG. 3. Summary of F1 body weights. Values represent mean body
weights of control pregnant mice and pregnant mice dosed with DES or BR eights of male offspring of mice dosed during GD 11-17. Error bars are not

E.I;I;OI’ bars are not shown, for clarity. There were no statistically S'gmf'c""ghown, for clarity. *indicates some group(s) statistically different from control
ifferences among treatment groups. values p = 0.05); see text for details.

RESULTS No consistent differences in food consumption were ob-

served during gestation or lactation in the DES- or BPA-treated
animals when compared to the control group. Gestation and

Concentration analyses for BPA and DES in dose solutiokactation body weights are summarized in Figures 1 and 2. No
were conducted each week prior to the use of dose solutions$tatistically significant differences in body weights or body
treatment. The average measured concentrations ranged fregight changes were observed between the control group and
93 to 109% of the nominal values throughout the study. the DES or BPA groups.

F, Male Offspring. No treatment-related effects on the
incidence of clinical observations were observed in post-wean-

Dams. No differences in clinical observations were obing males. Food consumption was similar between the control
served between the control and the DES or BPA groups.%0up and the DES and BPA treatment groups during the
total of 8 dams died (2 in the controls, 1 in the DES group, Bost-weaning period.
in the 0.2ug/kg/day BPA group, and 1 in each of the 2- and Body weights of male offspring are summarized in Figure 3.
20-ug/kg/day BPA groups) and one was euthanireektremis NO statistically significant differences in body weights were
in the 0.2ug/kg/day BPA group during the lactation periodobserved between the control group and the DES group during
The cause of death or moribundity of these animals could ¢ Post-weaning period. When compared to control values,
be determined. statistically significantly higher body weights were observed in
the 0.2ug/kg/day BPA dose group on PND 57,u&y/kg/day
BPA dose group on PND 36, and 2@ykg/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 20-
and 200p.g/kg/day BPA dose groups. Body weight differences

Test Articles Dose Verification

Animal Health Status Evaluations

" showed no overall relationship to treatment with BPA, since
A T ohies com ol conien there was neither a consistent trend within or across dose
z T D2vohaay P groups nor evidence of a dose-response relationship, whether
2 —o—2 pgikg/day BPA h .

S 2D uhattay P inverse or proportional to dose.
3 —=- 200 pg/giday BPA
., Litter Data

No statistically significant differences in the fertility index
o - were observed between the control group and the DES or BPA
' Y emaney B groups (data not shown). Delivery and litter data are shown in

: . Table 2. No statistically significant differences in the gestation
FIG. 2. Maternal body weights (lactation): Values represent mean bod

weights of control lactating mice and lactating mice dosed with DES or BPA. dex, durat_lon ,Of gestation, tOtaI. live-born '”d,ex’ Vlablllty
Error bars are not shown, for clarity. There were no statistically significaffd€X, lactation index, number Of. live pups per “tte_r on PND
differences among treatment groups. 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

0 ng/kg/day corn oil

0.2ug/kg/day DES

0.2ug/kg/day BPA

2pg/kg/day BPA

20pg/kg/day BPA

200ug/kg/day BPA

Females on studynj
Females pregnanhy
Females with live-bornn)
Gestation index (%)
Duration of gestation (days)
Total pups born/litterr)
Stillborn (%)
Pups surviving 1 day (%)
Pups surviving 4 days (%)
[viability index]
Pups surviving 22 days (%)
[lactation index]
Live pups/littef:
Day O
Day 1
Day 4 preculling
Day 22
Male sex ratio—Day 0 (%)

56

51

48

94
19.220.73 (51)°
12.37+ 3.02 (51)

7 (51)

96 (48)
89 (48)

88 (47)

11.37+ 4.09 (51)
11.56+ 3.35 (48)
10.91+ 3.486' (45)
6.77+ 2.54 (48)
49.8

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

90 (25)

9.63- 4.73 (27)
10.32+ 3.90 (25)
10.16+ 3.82 (25)

6.36= 2.50 (25)

52.3

100
19.7+ 0.38 (27)
10.78+ 2.78 (27)
5 (27)
97 (27)
90 (27)

91 (25)

10.26+ 2.99 (27)

10.00= 3.29 (27)

9.26+ 3.97 (27)

6.19+ 2.91 (27)
55.2

19.52¢ 0.77 (25)
10.84+ 4.36 (25)
9 (25)
99 (24)
98 (24)

92 (24)

10.36+ 4.93 (25)

10.67+ 4.46 (24)

10.54+ 4.38 (24)

6.33+ 2.73 (24)
61.8

19.48+ 0.94 (27)
10.19+ 3.91 (27)
16 (27)
93 (24)
90 (24)

81 (24)

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

93
19.33- 0.92 (27)
9.60+ 3.85* (27)
8 (27)
100 (25)
98 (25)

91 (25)

9.37+ 4.11 (27)

10.08¢ 3.16 (25)

9.84+ 3.08 (25)

6.76+ 2.17 (25)
51.4

#Mean = SD.

® Number in parentheses represents litters per group.
¢ Dams that delivered an entire litter with only stillborn pups are excluded from Days 1, 4, and 22 statistics.
4 Three litters were inadvertently culled on Day 3 and have been excluded from the mean.
*Significantly different from the control group meap & 0.01).

or BPA-treated animals when compared to the control grougig. 3). No physical abnormalities or demeanor changes were

The total number of pups born per litter was statistically lowarbserved in pups of any litter.
in the 200ug/kg/day BPA dose group when compared to the
control group. The control value for this endpoint was high%rgan Weights
than typically observed in this strain of mouse (9-10 pups/

litter; Charles River, 1998, personal communication to W. J. Organ weights are summarized in Table 3. There were no
Breslin) and the value for the 200g/kg/day-BPA group was treatment-related effects of BPA on prostate, preputial gland,
the same as the historical controls; therefore, this change vgasninal vesicle or epididymis weights (either absolute or
not considered treatment-related. No statistically significarglative to brain or body weight) for any treatment groups. In
differences in pup weights on PND 1, 4, or 22 were observeddition, there were no treatment-related effects on absolute
between the control group and the DES or BPA dose groupgan weights for the male offspring of DESr BPA-treated

TABLE 3
Males: Summary of Organ Weight Values

Parameter
measured (g)

0 png/kg/day
corn oil (44}

0.2 pg/kg/day
DES (23)

0.2 png/kg/day
BPA (23)

2 ngl/kg/day
BPA (22)

20 pg/kg/day
BPA (18)

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

Body weight 34.68Q- 2.3037 34.869+ 2.4290 36.311+ 2.5686 35.702¢ 2.3254 36.989+ 2.6023** 36.466+ 3.2988*
Brain 0.461+ 0.0156 0.458+ 0.0194 0.460+ 0.0171 0.465+ 0.0189 0.467+ 0.0240 0.460+ 0.0166
Epididymis 0.094+ 0.008 0.095* 0.0075 0.096+ 0.0069 0.095+ 0.0051 0.096+ 0.0082 0.095+ 0.0080
Right caudal

epididymis 0.012+ 0.0020 0.012+ 0.0017 0.012+ 0.0015 0.012+ 0.0016 0.013+ 0.0021 0.012+ 0.0022
Kidney 0.828+ 0.0616 0.823+ 0.0767 0.897+ 0.0842 0.855+ 0.1017 0.871+ 0.0553 0.843+ 0.0787
Liver 2.222+ 0.2059 2.193+ 0.1930 2.332+ 0.2285 2.317 0.2693 2.339+ 0.1985 2.348+ 0.2871
Preputial gland 0.102 0.0150 0.095+ 0.0168 0.104+ 0.0145 0.100+ 0.0150 0.104+ 0.0123 0.098+ 0.0180
Prostate 0.03% 0.0067 0.039+ 0.0050 0.042+ 0.0090 0.039+ 0.0081 0.041+ 0.0069 0.040+ 0.0077
Seminal vesicle 0.10% 0.0145 0.105+ 0.0095 0.110+ 0.0115 0.105+ 0.0106 0.113+ 0.0165 0.110+ 0.0149
Testis, left 0.116+ 0.0120 0.115+ 0.0097 0.114+ 0.0089 0.117+ 0.0078 0.116+ 0.0101 0.116+ 0.0110
Testis, right 0.123- 0.0121 0.120+ 0.0110 0.121+ 0.0091 0.123+ 0.0084 0.123+ 0.0110 0.122+ 0.0119

#Number in parentheses represents litters per group.

® Mean + SD.

*Significantly different from the control group meap & 0.05).
**Significantly different from the control group meap & 0.01).
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FIG. 4. Cauda epididymal sperm
concentrations (g  epididymis),
daily sperm production (ffay), and
efficiency of sperm production (3@
testis/day) of adult (90 day) male off-
spring of mice dosed during GD 11—

i i 17. Values represent means SD.
Control DES 0.2 ug/kg/d BPA 0.2 pg/kg/d  BPA 2 ugikg/d  BPA 20 pgikg/d  BPA 200 ugrka/d There were no statistically significant

n= 44 n=23 n=23 n=22 n=18 n=24 differences among treatment groups.

o

Sperm Count (10%/g epididymis)
»N

DSP (100,000/day) or Sperm Efficiency (millions/g testis/d)

dams. A few statistically significant changes were found in tene control animal, one 2fg/kg/day animal and one 200-
relative organ weights in the offspring of BPA-treated miceug/kg/day animal). Affected tubules were smaller than normal,
but these differences could not be attributed to treatment (datad, generally, were lined by Sertoli cells with absence of the
not shown). The relative brain weight was slightly decreassgermatogenic epithelium. Occasionally, some tubules which
(~5%) in the 0.2-, 20-, and 20Qg/kg/day BPA groups. Theseappeared otherwise normal contained spermatid giant cells
differences are explained by the slightly higher body weightgiant cells, syncytial). Although stage-specific frequency his-
found in these groups relative to the negative contreld{ tograms were not prepared, all testes appeared to have all
6%). In addition, the kidney to brain ratio for the Qug¥kg/ spermatogenesis stages evident with normal maturation and
day BPA group was higher than controls; this was spurious agpermatid release. The changes noted microscopically were
had no relationship to test article administration, since no othewnsidered incidental and spontaneous and were typical of
BPA-treated group had differences in this ratio. those seen in this age and strain of laboratory mouse.

Cauda Epididymal Sperm Concentration, Daily Sperm DISCUSSION

Production, and Efficiency of Sperm Production
Cauda epididymal sperm concentration, daily sperm produ _The present study was limited in scope because it was
. 7 ! : é:esigned specifically to replicate the findings in the recent
tion, and the efficiency of sperm production are summarlzedrlgports of Nagebt al. (1997) and vom Saatt al. (1998). These
Figure 4. No statistically significant differences in cauda epi- ' ' '

didymis sperm concentration, daily testis sperm production, |cr)1rvest|gators reported that exposure of pregnant mice o ex-

the efficiency of sperm production (DSP/g testis) were Otremely low doses of BPA (2 or 2(pg/kg/day) was causally

served between the control group, DES group, or any of tﬁeelated to an increase in prostate and preputial gland weights,

. decrease in epididymal weights, and the efficiency of sperm
BPA groups. Of the groups examined, the mean values 1%rroduction in their adult male offspring. Attempts in the

caudg epididymis sperm concentranq and testes sperm &%Pésent study to control factors, deemed critical by the original
duction were lowest in the male offspring of dams given 2

rg/kg/day of BPA, although these values were not statisticafrlgvesu.gators. o the rt.epllcanon. .Of the|r findings, included
. atching animal housing conditions in terms of sound and
different from control values.

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 site-

Macroscopic. There were no treatment-related macroyisit to University of Missouri, Columbia, Missouri, April 25,
scopic or microscopic changes observed in adult femal@®97, for study review and prostate prosection training; this
pre-weaning pups, or post-weaning males. training was documented on videotape).

Microscopic. There were no treatment-related effects ob- Differences in study design and conduct between the present
served microscopically. Rarely, focal to diffuse atrophy of theork and that of Nagedt al (1997) and vom Saadt al (1998)
seminiferous tubules was noted across test and control groupsuded, for our study, the following:

Pathology
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(1) Increase in the number of animals used per group GD 6-18); higher doses (20Qg/kg/day) produced 100%
(2) Increase in the number of BPA test doses evaluated embryolethality (Cornwalkt al, 1984). Decreased fertility as
(3) Use of 2 methods for determination of sperm count an effect of DES was also observed in female mice whose
(4) Sacrifice of male offspring at 90 instead of 180 days, tmothers received subcutaneous doses from 0.01 tquiyliy/
take better advantage of the more relevamtutero BPA day (McLachlanet al, 1982), but this occurred only after
exposure time (vom Saal and Thayer, 1997, personal comnseveral weeks of continuous breeding at the doses below 2.5

nication). ng/kg/day. Another continuous breeding protocol with dietary
(5) Reporting and performance in accordance with Go@ES produced significant effects in parental males, including
Laboratory Practice Standards lower sperm concentration and fertility, at 50 ppb8 wg/kg/

(6) Use of CF-1 mice from a commercial research laborday), but no effects at 10 ppb-(.5 ng/kg/day) (Reelet al,
tory animal supplier (as opposed to the CF-1 mice used in th@85a).
Nagel and vom Saal work described in Materials and Methods)No treatment-related effects on clinical observations, body
(7) Individual housing of males from the time of weaningweight, or food consumption were observed in adult females
based on the findings of Bartos and Brain (1993), as descritsthinistered BPA at doses of 0.2, 2, 20, or 20§'kg/day.
in Materials and Methods. In addition, test and control mat&imilarly, no treatment-related effects on growth or survival of
rial, dosing concentrations, food consumption, and growth offspring from dams were observed at any BPA dose. The total
pregnant dams and their offspring were measured throughaumber of pups born per litter was statistically lower in the
the study, as was delivery and litter data 200-ug BPA/kg/day dose group when compared to the control
group, but this change was not considered treatment-related
These differences strengthened the present study and adslade the slightly lower value for litter size was within the
confidence to the findings issuing from it. However, even withormal historical range for this strain of mouse (9-10 pups/
these attempts to duplicate the conditions of Nagell. (1997) litter; Charles River, 1998). In addition, previous studies have
and vom Saaet al. (1998), the observations reported thereinot shown BPA effects on litter size in mice at higher doses
were not confirmed in the present investigation. (Morrisseyet al, 1987). There was an increase in the percent-
Although the “maximum effect” oral dose of DES was usedge of litters with resorptions at BPA doses of 1250, but not
in this study as previously reported and recommended (vd&0, 750, or 1000 mg/kg/day following treatment on GD 6—-15.
Saal, 1996, vom Saadt al, 1997), no effects on prostateAt the 1250-mg/kg/day BPA dose, there was ample evidence
weight due to DES treatment were observed in this study.dt systemic toxicity, such as effects on maternal body weights
should be noted that this dose of DES was nearly 3 ordersasfd liver weights. Similarly, Reett al, (1985b) reported a
magnitude below that reported by other researchers to produeduction in the number of pups per litter at BPA doses in the
effects on the male offspring of dams dosed by subcutanedeasd of 0.5 or 1.0%+875 or 1750 mg/kg/day), but not at 0.25
injection (100ug/kg/day) (McLachlan, 1981; Newbold, 1995)% (~437 mg/kg/day) in a mouse reproductive toxicity study
The no-observed-effect level (NOEL) for male offspring in thesing a continuous-breeding design. The highest dose also
studies of McLachlan and Newbold was L@/kg/day, nearly caused maternal body, liver, and kidney weight effects (Reel
2 orders of magnitude higher than the dose used in the curraht 1985b).
study. Pylkkanen and coworkers (1996) have reported that ther'he lack of effect on daily sperm production (DSP) follow-
subcutaneous injection of 2g per pup DES into 1- to 3-day ing BPA administration in the present study is consistent with
old male mice neonates resulted in an increase in prosttte previous report of vom Saat al. (1998). These observa-
weight; however, this direct subcutaneous dose to the matess are also consistent with the absence of any histopatho-
was about 727ug/kg/day (about 3600 times higher than théogical effects in the testes or decrease in testicular weight in
oral dose to the dams used in the current study). Further, the male offspring of BPA-treated dams. However, the lack of
NOEL expected for oral exposure to DES would be evesn effect on the efficiency of sperm production (DSP/g testis)
higher than the 1Qug/kg/day NOEL determined by Newboldobserved in this study is in contrast with the results from vom
and McLachlan, because of the extensive conjugative met&aal et al. (1998). Since vom Saal reported that the mice
olism of DES in both the intestinal wall and liver (Metzler treated with 2Qug/kg/day of BPA had the highest testes weight
1981). Therefore, although the absence of any effect of DB8d lowest DSP in their offspring (although neither were
was inconsistent with the findings reported by vom Saall. statistically different from control), the statistically lower value
(1997), these findings were consistent with the previoustf efficiency derived from these 2 measurements could have
reported NOELSs for DES effects to male offspring. been due to chance alone. Furthermore, there were no treat-
The absence of DES-induced effects on maternal and litteent-related effects of BPA on absolute or relative weights of
parameters, at a dose of Qug/kg/day, is also consistent withpreputial glands, seminal vesicles, or epididymis at any dose in
the published literature. Studies in rats with DES have showime present study. The absolute organ weights for preputial
significant effects on fetal survival (34% incidence of resormlands and seminal vesicles in the present study were approx-
tions versus 3% in controls) at 4f/kg/day (dams gavaged onimately twice that found by vom Saal and coworkers, which



REPRODUCTIVE ORGAN DEVELOPMENT IN MICE EXPOSED TO BISPHENOL A 43

could be explained by the difference in housing of the maRunnett, C. W. (1955). A multiple comparison procedure for comparing

weanlings. The original investigators caged the weanling male§éveral treatments with a contrdl. Amer. Stat. Asso&6, 52-64.

together in group housing for 5 months,before separating th&#do. K. W., Leonard, L. S,, Lovell, S., Gould, J. C., Babai, D., Portier, C. J.,

until sacrifice at six months. In this study, the male offspring "9 McDonnell, D. P. (1997). Evaluation of chemicals with endocrine
. . L. modulating activity in a yeast-based steroid hormone receptor gene tran-

were individually caged from the day of weaning. Individually gcription assayToxicol. Appl. Pharmacol143,205-212.

ho'jjseq mice are no_t SngeCt to the mfluencg of group hOUSII@ﬂ,’ J. L. (1978). Design and Analysis of Experiments in the Animal and

Wthh IS knOWn to S|gn|f|Cant|y affect the We|ght Of sex acces- Medical SciencesThe lowa State University Press, Ames, lowa.

sory organs, 'nC|Ud|ng the. prostate and preputial glf”mdsz W!IIBseman, J. K., and Kupper, L. L. (1979). Analysis of dichotomous response

dominant males and individually-housed males having signif-data from certain toxicological experimenBiometrics35, 281-293.

icantly larger organ weights than subordinate males (Bartrgshnan, A. V., Stathis, P., Permuth, S. F., Tokes, L., and Feldman, D. (1993).

and Brain, 1993). If the effect of group housing on sex accesBisphenol A: An estrogenic substance is released from polycarbonate flasks

sory organs that occurred during the 5 months of group housingring autoclavingEndocrinology132, 2279-2286.

in the prior studies (Nagedt al.. 1997: vom Saakt al.. 1997, Kuiper, G. G. J., Carlsson, B., Grandien, K., Enmark, E., Haggblad, J., Nilsson,

1998) was not fully reversed in the one month when the>: 3nd Gustafsson, J-A. (1997). Comparison of the ligand binding speci-

. s . ficity and transcript tissue distributuion of estrogen recepterand .

amma}s were housgd individually, then the inadvertent randomqocrinology138, 863-870.

selection of subordinate versus domm_ant malgs across trq_%ﬁs S. C., and Carey, S. A. (1997). Comparison of the estrogenic activitiy of

ment groups may account for the previous findings. 4-tertoctylphenol, nonylphenol, bisphenol A, and methoxychlor in Long

In conclusion, under the conditions of this study, there Evans female ratsToxicology36, 359.

were no effects on the weights of the prostate, preputigtLachlan, J. A. (1981). Rodent models for perinatal exposure to diethylstil-

glands, epididymis, or other reproductive organ weights inbestrol and their relation to human disease in the mal@dwelopmental

the offspring of BPA- or DES-treated dams. In addition Effects of Diethylstilbestrol in Pregnand. L. Herbst and H. A. Bern,

. Eds.), pp. 148—157. Thieme-Stratton, New York.
sperm parameters of male offspring from dams exposedl\'/tloL Hian 3. A Newbold R.R. Shah. H. C. H VLD and Dixon. R. L
. - cLachlan J. A., Newbold, R. R., Shah, H. C., Hogan, M. D., and Dixon, R. L.
very low doses of BPA or DES durmg gestation were not (1982). Reduced fertility in female mice exposed transplacentally to dieth-

statistically different from controls. The absence of adverseysiiestrol (DES) Fertil. Steril. 38, 363-371.

flndlngs in the OffSp”ng of dams t'jeated orally' with DESVI_etzIer, M. (1981). The metabolism of diethylstilbestr@RC Crit. Rev.
challenges the “low-dose hypothesis” of a special susceptiBiochem.10,171-213.

bility of mammals exposed perinatally to ultra low doses afilliken, G. A., and Johnson, D. E. (1992)nalysis of Messy Dat&hapman
even potent estrogenic chemicals. Based on the data in thad Hall, London.

present study and the considerable body of literature emrrissey, R. E., George, J. D., Price, C. J., Tyl, R. W., Marr, M. C., and
effects of BPA at similar and much higher doses, BPA Kimmell, C. A. (1987). The developmental toxicity of bisphenol A in rats

should not be considered as a selective reproductive of"d MiceFundam. Appl. Toxicol8, 571-582.
developmental toxicant. Morrl_ssey, R. E., Lamb, J. C., Morris, R. W., C_hapln, R. E., Gu_latl, D. K., an_d
Heindel, J. J. (1989). Results and evaluations of 48 continuous breeding
reproduction studies conducted in mi¢éaindam. Appl. Toxicoll3, 747—
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