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STUDY TITLE 

Teratologuz Evaluation of Bisphenol A (CAS No. 80-05-7) Admimstered to CD(R) Rats on Cestatmnal 
Days 6 through 15 (NTP-85.089) 

TESTING LABORATORY 

Research Triangle Institute (RTI) 
Post Office Box 12194 
Research Triangle Park, NC 27709 

COMPLETION DATE OF STUDY 

Report Date. February 15, 1985 

SPONSORS OF STUDY 

The NatIonal Toxicology Program 
Research Tnangle Park, NC 27709 

NatIonal Center for Toxicological Research 
DIVISION of Teratogenesls 
Jefferson. AR 72079 

LABORATORY STUDY NUMBER 

RTI Study Code No Rt82-BPA 
RTl ProJect No 3 lU-2077 

STUDY SUMMARY 

GLP Compliance/Qunlity Assurance 

The protocol (Appendix II, page 29) indicated that the testmg facihty was m compliance wth Food and 
Drug Admmistratlon (FDA) Good Laboratory Practice (GLP) Regulations for Nonchmcal Laboratory 
Studies (1978) and that the laboratory was accredited by the Amencan Association for Accreditation of 
Laboratory Ammal Care The protocol further stated that the study would be conducted in compliance 
with GLP guidelmes. However, a statement confirming that the study comphed with GLP gmdelines 
was not mcluded m the study report. 

The study report mcluded a signed and dated (August 6, 1984) Quality Assurance Statement (page 5), 
whtch reported a hst of eight Quahty Assurance Umt (QALJ) inspectlow conducted during the study as 
well as a Fmal Report Audit and Data Record Audit. A footnote to the list of mspectlons, however, 
mdlcated that several of the mspectlons were performed on a comparable study rather than on the present 
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study The study report was considered by the QAU to be an accurate account of the study procedures 
and tindmgs 

Protorol(s) 

Two protocols were prowded in the study report an or~gmal protocol dated 7119192 (date of Study 
Drector signature) and an amended protocol dated 10126192. The study designs were very similar in 
both the orlgmal protocol and the amended protocol However, the amended protocol dlffered in the 
followmg areas (1) ehmination of a preliminary toxicity study using nonpregnant animals, 
(2) alterations in the acceptable age and weight range for female rats at study mltlatmn, (3) wder ranges 
of test artlcle doses to be exammed, and (4) modified statistical evaluation Our reviewers noted that 
these protocol changes did not have a negative Impact on the study. 

Objective 

The ObJeCtWe of this study was to evaluate the toxic and teratogemc effects of the test material 
(bisphenol A) admmistered orally to pregnant rats durmg the period of organogenesis (gestation days 
6-15) 

Tesl Materid 

Test Article 

The test article was IdentIfYed as Blsphenol A (CAS No 80-05-7, molecular formula C,,H,,O? , 
molecular weight 228 28) and was obtamed from Midwest Research Institute (MRI), Kansas City, MO. 
MRl obtamed the test artlcle from Alfa Products (Lot No 011681, Batch No 01) (Appendix IV, page 
IO) MRI described the test art]& as a white crystallme powder (Appendix IV, page 15) Although the 
product label indicated 98% purity (Appendix IV, page IO), MRI estimated a purity of approximately 
98% by high performance hqmd chromatography (HPLC), which Identified two lmpurltles comprwng 
approximately 3 9% and I 0% of the sample (Appendix IV, page 11). Nonaqueous titratmn of the phenol 
groups mdlcated a purity of approximately 99%, however, this method could not detect any phenolic or 
acidic impurities in the sample (Appendix IV, page II) The major impurity was later identified as the 
2,4’ Isomer of Blsphenol A by capillary gas chromatography/mass spectrometry, which estimated the 
lmpurlty to be about 3 4% of the sample (Appendix IV, page 48) Accordmg to MRI, the test article was 
stable when stored for two weeks protected from hght at temperatures up to 60°C (Appendix IV, page 
20) At MRI, the test article was stored sealed m plastic bags mslde a IO-gallon metal can at 5°C 
(Appendix IV, page 14). the storage condltmns at RTI were not prowded m the study report The 
expiratmn date of the test article also was not provided m the study report There were no significant 
dlfferences, however, m Brsphenol A samples returned to MRI from RTI before the present study 
(9114182) and after the present study (1127183) compared to frozen reference samples mamtamed by MRI 
(Appendtx IV, pages 41, 59, and 65). 

The vehicle was MazolaB Corn Oil (commercial food grade) The corn oil was stored at 4°C The 
lot/batch number, purity, stabtlity, and explratmn date of the vehicle were not provided m the study 
report Prmr to use, however, each bottle of corn oil was tested for the presence of peroxldes as an 
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mdlcatmn of rancidity (a sample with peroxlde content > IO meqikg would have been consldered rancid) 
Analysis of samples of the corn 011 used to formulate each dosmg suspension did not reveal any 
peroxides 

Dose Preparation 

Prmr to the study, dosing formulattons were prepared by combming appropriate amounts of the test 
substance wth corn 011 m flasks and shakrng (chemical/vehicle mwng protocol described m detail m 
Appendix IV, page 3 1) A sufficvent quantity of each formulation was prepared to be used throughout 
each repluzate of the study For rephcate I of the study, one batch of dosmg solutions was prepared, 
whereas, hvo batches of dosmg formulatmns were prepared for rephcate II of the study All dosing 
formulatmns were stored at room temperature m screw cap vials To ensure that the study was conducted 
blind for dose, random 5.diglt number codes and color codes were used to Identify the concentratmn in 
each wal. The suspensions were thoroughly agitated prior to dosing and were stirred contmuously on a 
magnetic stx plate dung dosing to mamtam homogeneity 

Formulation Analvsis 

Both pre-dosmg and post-dosing analyses of the concentrations of the dosing formulatmns were 
conducted All pre-dosmg analyses for replicate 1 and replicate II ofthe study ylelded values wthm 90- 
1 10% of the nominal concentration for each formulation In replicate I of the study, post-dosing analyses 
yrelded values wthm 90-l 10% of the nommal concentratmn for each formulation No post-dosmg 
analyses were conducted on the first batch of dosmg formulations in rephcate II, however, post-dosmg 
analyses ofthe second batch revealed two formulatmns outslde the 90-l 10% nommal concentratmn 
range The actual concentratmns of the 320.mgikgiday and 1280.mgikglday formulatmns were 88% of 
the nominal values 

Homogeneity and stabihty of Bisphenol A m corn ml were evaluated by MRI (Appendix IV, 
pages 20-26) The results of the homogeneity analyses indicated that by using appropriate mixmg 
procedures, Blsphenol A could be suspended m corn 011 formulatmns suttable for gavage admimstratlon 
Furthermore, suspensmns stored for five days could be rehomogemzed by stm-ing. The stablhty analyses 
revealed that blsphenol A suspended m corn 011 was stable for three weeks when at room temperature 
sealed in the dark Blsphenol A suspended in corn od was stable for three hours when open to ax m the 
hght Homogeneity and stablhty analyses of the actual dosmg solutmns used by RTI do not appear to 
have been conducted. 

Test Animnls 

A total of I66 female and 96 male caesarean-originated, barrier-sustamed (COBS) CD8 (SD)BR outbred 
albmo rats were recewed from the Charles Rwer Breedmg Laboratory, Inc (Kingston, NY) Upon 
arrival, females and males were 8-10 weeks and IO-12 weeks old, respectrvely. 

Species selectmn was~ustlfied m the study report (page 20) 
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HOUWlg 

Upon receipt, animals were randomly awgned to cages for a seven day quarantme period lndwldually 
coded identltication tags were affixed to the ear of each rat during this tune Males were housed smgly, 
and females were group housed (four per cage). The cages were sohd bottomed polypropylene or 
polycarbonate wth stamless steel wre hds and molded filter tops Ad-Sorb-DrlO cage bedding was 
used Cages were organized on galvanized-steel racks wth adjustable shelves Followmg matmg. 
females were agam group-housed (four per cage) with other females asslgned to the same treatment 
group 

Environment 

The ammals were housed in rooms that recewed 12 hours of continuous light and 12 hours of contmuous 
dark each day The rooms were air-condItIoned, and at least 12-14 air changes were provided per hour 
The rooms were monitored contmuously for temperature and humidity The temperature range was 
69 O-73 0 “F, which was slightly outslde the range specified m the protocol (70 f 2 OF) The relative 
humidity range was 20-62%, a target range was not specified in the protocol 

Diet 

Purma Certified Rodent Chow@ (5002) and deionized/filtered water were wallable, ad libztum 
Analyses of the feed and water were not mcluded in the study report 

m 

No male breeder was used more than hwce m any gwen dose group Indwdual females m estrus or 
proestrus (estrous cycle stage determmed by vagmal smear) were caged overmght wth mdwdually 
caged males (i e , only one male and one female per cage) The females were considered to be fertlllzed 
if a vaginal smear was positive for sperm on the following morning The day on which sperm were 
found was designated gestational day zero (gd 0) In addition to the indwdually coded ear tags 
previously affixed to each rat, sperm-posItwe females were awgned a dam number on gd 0 According 
to the study report, all 137 sperm-posltwe females were within the weight range 200-275 g on gd 0, 
however, indiwdual ammal data were not prowded Actual weight ranges on gd 0 were provided only for 
the 120 females confirmed pregnant at sacrifice 

Study Design 

Dose Selection 

Dose levels were selected based on a prehmmary teratology study m whxh blsphenol A suspended m 
corn 011 was admmlstered by gavage m a volume of 5 0 mL/kg to 56 trne-mated female (COBS) CD8 
(SD)BR rats (g/dose) at dose levels of 0, 500, 1000, 1500, 2000, 2500, or 3000 mgikglday on gestation 
days 6-l 5 The dams were observed for mortahty or clwlcal signs at least once daily dunng the 
treatment period, and body wetghts were determmed on gd 0, gd 6-15, and gd 20 Animals that died on 
study were necropsled to determine the cause of death Following sacrifice on gd 20, dams were assessed 
for clmxxl signs of toxlclty, body weight, hver weight, grawd uterme weight, and uterine contents (I e., 
Implantation sites, resorptions, dead fetuses, and live fetuses) Lwe fetuses were welghed and exammed 
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for gross malformations Statlstlcal analysts of the prehmmary study data mcluded nonparametrlc 
methods to dwxrn dose-response trends 

Two dams were removed from the study one 2500.mgikgiday dam &as mtssing from her cage and one 
3000.mgikgiday dam recewed only half the Intended dose on gd 14 There was excessive treatment- and 
dose-related maternal toxicity, begmnmg on gd 12 The rates of maternal mortahty were 0% (O/S), 0% 
(O/S), 0% (O/8), 12 5% (l/8), 62.5% (5/g), 42 8% (3/7), and 71.4% (517) for the vehicle control through 
high dose group, respectwely The most common clmlcal signs observed at dally observation were 
diarrhea (wth or without a mucoid discharge), lacrmxxtion (tearmg), lethargy, rough coat, wheezmg, wet 
urogenital area, arched back, clm~cal weight loss, and death Other signs observed sporadically Included 
dyspnea and/or wheezing, bloody nose, generalized weakness, dwxlentatmn, bloody urethra, alopecia, 
piloerection, and vagmal bleedmg Maternal body weight was significantly decreased on gd 11 and 15 in 
all treatment groups and on gd 20 at 2 1500 mgikgiday All survwmg dams were pregnant when 
sacrificed on gd 20. Maternal weight gain during gestation (gd O-20) was significantly decreased at 
>lOOO mgikgiday, and maternal weight gain durmg the treatment period (gd 6-15) and absolute weight 
gam (I e , werght gain during gestation mmus gravid uterme weight) were slgmficantly decreased in all 
treatment groups. Negative relatwe weight gam (I e , weight’ decreases compared to gd 0 values) 
occurred at 2 1500 mgikgiday, and negatwe absolute weight gam occurred at 3000 mgikgiday Grawd 
uterme weight was significantly decreased at 2000 and 2500 mg/kg/day (but not at 3000 mgikgiday) 
Maternal body wclght, maternal body weight gam (gestation period, treatment permd. and absolute 
weight gain), and grawd uterme weight also showed dose-related decreasmg trends. There were no 
slgnlficant changes m maternal lwer weight 

The percent of resorptlons per litter was slgmficantly increased at 2 1500 mgikgiday The percent of 
nonlwe implants (resorptions plus dead fetuses) and adversely affected fetuses (resorptions, dead fetuses, 
and malformed lwe fetuses) per litter were slgmficantly mcreased at 2000 and 2500 mgikgiday (but not 
at 3000 mglkgiday) The percent of resorptions per htter, the percent of nonlwe nnplants per Iltter, and 
the percent of adversely affected fetuses per htter also showed a dose-related upward trend. Although no 
significant dose effects were found. the number of lwe fetuses per litter exhlblted a dose-related 
downward trend There were no effects on the percent of dead fetuses per litter or the percent of htters 
wth resorptions, dead fetuses, nonlive Implants. or adversely affected fetuses. 

Average fetal body weight per htter exhibIted a dose-related downward trend, and was slgmficantly 
decreased at t 1000 mgikgiday compared to controls. There was no slgmficant difference In the 
mcldence of gross malformations in offsprmg of treated dams In the 2000-mgikgiday group, one fetus 
out of a total of 412 lwe fetuses exammed exhIbIted a malformatmn (menmgoencephalocele). 

Problt analysis of the maternal mortality data ylelded an LD,, of 1276 mgikglday for blsphenol A 
admmrstered to pregnant CD rats on gd 6-15 Therefore, 1280 mgikgiday was chosen as the high dose 
for the definltwe teratology study In addition to the vehicle control, 160, 320, and 640 mgikglday were 
chosen as dose levels Based on the results of the prehmmary study. the study author expected the 
1280.mgikglday and the 640-mgikgiday to cause maternal and/or fetal toxicity, whereas the 

‘Our rewewers noted that only two samples were available for evaluation III the 3000 mgikg 
group due to e~cesswe maternal mortahty. 
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IhO-mg/kg/day dose was expected to be wthout detectable maternal and/or fetal toxuty. Toxicity at 
320mgikgiday was considered possible but less likely. 

Ammal Aswnment 

Sperm-posltwe females were randomly awgned to the dose groups mdvxited m Table I usmg a 
procedure based on stratified body weight to ensure comparable group mean body weights for each 
treatment group. The expenmental design mvolved two replutes A rephcate was identified as a 
substudy which mcluded sperm-posItwe females bred on up to seven consecutive mating days with the 
last matmg day of one replute separated from the first matmg day of another rephcate by at least two 
weeks 

Table I. Animal Assignment 

Number of SpermPositwe Females 
Dose @g/kg/day) 

Rephcate I a Replicate II b Total 

0 IO 17 27 

160 IO 17 27 

320 10 I7 27 

640 II 18 29 

1280 IO 17 27 

aGestational day 0 for Rephcate I II/IO-l 1112, 1982 
bGestatlonal day 0 for Rephcate II 114.116, 1983 

Admimstratlon 

All doses were admmistered once daily by gavage, on gcstatlon days 6 through 15, at a constant dose 
volume of 5 mL/kg of body weight/day. Although the dams were welghed daily prior to dosmg on 
gd 6- 15, the study report does not specify that dosmg was based on the most recent body weight 
determmation. 

il4atcrnal Observations 

MortahtviClm~cal Observations 

The anrmals were checked for mortahty or climcal signs at least once dally during the treatment period 
(at the time of dally dosmg) The study report mdlcates that animals were also observed for mortality or 
clm~cal signs four hours post-dosmg, when staff scheduhng allowed Clinical signs were also recorded 
prmr to sacnfice on gd 20 (p VIII-2) 
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Body WelehtiFood Consumotmr 

Body weight data were recorded on gestation days 0, 6 through 15, and 20 (Immediately followmg 
sacrifice) Non-pregnant ammals were excluded from the analyses Indlvldual food consumptmn data 
were not determined. 

Gross Patholo&Cesarean ExamlllatlollsiOrgan Weights 

Ammals that died between gd 0 and gd 20 were subJected to a gross necropsy to determme the cause of 
death Accordmg to the study report (p. 29), survlvmg dams were sacrificed on gd 20 (cervical 
dlslocatlon under carbon dmxide anesthesia) and evaluated for clinical signs of toxicity, body weight, 
liver weight, graved uterine weight, total number of corpora lutea, and status of uterme implantations 
(1 e , lmplantatlon site, resorptmns, dead fetuses, and hve fetuses) Appendix VIII further mdlcatcd that 
any internal abnormalttves observed durmg dlssectmn were noted, and affected tissues, If any, were 
removed, labeled, preserved m 10% neutral-buffered formalm, and placed in storage (p VIII-2) The 
uteri of dams with no apparent implants were treated with a solutmn of 10% ammonmm sulfide m order 
to vlsuahze possible lmplantatlon sites. The viable fetuses were dxssected from the uterus and 
immediately placed on a moist paper towel on a tray of tee Accordmg to the study report, this procedure 
mduces anesthesia by lowermg core body temperature below 25 “C Individual hve fetuses were 
weighed and sexed 

Hlstopatholom 

Hlstopathologlcal exammatlons were not conducted in this study 

Fetal Observations 

External Exammatlons 

All viable fetuses were exammed macroscoptcally for any external abnormalities 

Visceral Exammatmns 

Usmg the Staples’ fresh tissue dlssection method, all live fetuses were examined for visceral 
abnormahtles. Prior to dIssectIon, half of the fetuses were decapitated, the heads were fixed m Bouin’s 
solution for free hand sectmning and examination. 

Skeletal Exammatlons 

All fetal carcasses (50% wlthout heads) were examined for skeletal abnormahties following fixation with 
Ahzarm Red S stam Rare or difficult to describe malformations were photographed or sketched 

Dntn Analysis 

No mdus were calculated 



Statlstlcal Evaluation 

Data for all measures were pooled across replicates and analyzed parametrically or non-parametrically, as 
appropriate. Maternal weight data (body weight, body weight gam, grawd uterme weight, and absolute 
and relative liver weight) and per litter data (implantation sites per htter, % resorptlons per htter, % dead 
fetuses per htter, % nonlwe m~plants per Iltter, ‘?? affected fetuses per litter, live fetuses per litter, average 
fetal weight per htter, average male fetal weight per htter, average female fetal weight per htter, % males 
per litter, % male fetuses malformed per litter, % female fetuses malformed per htter, and % fetuses 
malformed per litter) were evaluated usmg parametric techmques Relatwe maternal lrver weight and 
htter derived percentage data (% resorptlons per litter, % dead fetuses per htter, % nonlwe Implants per 
Iltter, % affected fetuses per htter, % males per htter, % male fetuses malformed per htter. % female 
fetuses malformed per Iltter, and % fetuses malformed per litter) were first subjected to arcsme-square 
root transformation. Bartlett’s test for homogeneity of variance was conducted on all data to be analyzed 
usmg parametric techmques The study report mdlcates, however, that Bartlett’s test was not used to 
decide whether analysts of variance (ANOVA) procedures should be used on selected data (page 39) A 
two-way ANOVA (dose x replicate) was used to determine whether significant dose effects, replicate 
effects, or dose x replicate mteractlons had occurred m any of the parameters listed above For maternal 
body weights or weight gam measures, a three-way ANOVA (dose x replicate x day) was used If no 
slgmficant dose effect was observed m the two-way ANOVA In addltlon, average male and female fetal 
body weight per htter and percent males and females malformed per htter were evaluated usmg a three- 
way ANOVA (dose x rcpllcatc x sex) to test for sigmficant effects of sex The Lmear Trends Test also 
was conducted on all data analyzed by ANOVA to determme the s~gmficance of the dose-response 
relatlonship When ANOVA Indicated slgmficant (~‘0 OS) effects for dose, Wllllams’ and/or Dunnett’s 
Multiple Comparison Test was used to compare mdwdual treatment groups to the control group A one- 
tailed test was used for all parameters except measures of maternal body and organ weight, fetal body 
weight. and percent males per litter for which a two-talled test was used When sigmficant (p<O 05) 
replicate effects or dose x repluxte effects were noted, data were further analyzed for dose effects 
separately for each replxate of the study usmg a one-way ANOVA, Lmear Trend Test, and Willlams‘ 
and/or Dunn&t’s Multlple Comparison Test Nommal scale measures (% htters wth resorptlons, % 
htters wth dead fetuses, % htters wth nonlwe implants, % litters with affected fetuses, % Iltters wth 
gloss malformations, % htters with wsceral malformations, % litters with skeletal malformatmns, and % 
htters wth malformations) were analyzed usmg non-parametrx techniques. The Chl-Square Test for 
Independence was used to assess differences among treatment groups. When Chi-Square revealed 
slgmficant (pi0 05) differences among treatment groups, a one-tailed F~sher’,s Exact Test was used to 
compare indwdual treatment groups to the control group When slgmficant (~‘0 OS) rephcate effects or 
dose x replicate effects were noted for parameters analyzed by ANOVA, associated nommal scale data 
were further analyzed for dose cffccts separately for each rephcate of the study 

Copies of the final study report, the orlgmal study data sheets, work sheets, and computer prmtouts 
generated m the statlstlcal analysis of data, and all blologlcal samples were stored at RTI Copies of the 
final report also were provided to NTP The study report mdlcates that records were to be maintamed rn 
accordance wth the FDA GLP regulations for Nonclm~cal Laboratory Studies (1978) The data and 
reports were to be retamed m storage for a mumum of two years The chemlcal and biological samples 
were to be retained m storage for a munmum of two years or for as long as the quality of the preparation 
affords evaluation, whichever was less 
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Criticnl Apprnisul of the Protocol nnd Sturdy Design 

A protocol was included in the study report Overall, the study was adequately designed; and the study 
personnel were clearly indrcated m the protocol (page 26) and study report (page 33). 

Our rewewers noted several deficwwes m the study design with respect to the test article and vehicle 
Specifically, the storage condltmns at RTI and the expiratmn date of the test article were not prowded In 
addltmn, the lot/batch number, purity, stablllty, and explratmn date of the vehicle were not prowded 
Although the homogeneity and stablhty of sample doslng solutions w’erc evaluated by the supplw 
(MRI), the actual dosmg solutions were not analyzed for homogeneity or stabdlty under the storage 
conditions used at RTI Degradatmn of the test article or the vehicle prmr to preparation of the dosmg 
solutions or degradation of the dosmg solutmns prior to admimstratlon could have affected the study 
results However, test articles samples from RTI were comparable to frozen reference samples 
mamtamed by the supplier (MRI) In addltlon, analysis of samples of the corn od used to formulate each 
dosing suspensmn did not reveal any peroxIdes (an Indicator of rancidity). Finally, pre-dosmg and post- 
dosmg analyses of the concentrations of the dosing formulations ylelded values that were predommantly 
wthin the range of 90-I 10% of nominal. It should be noted, however, that the concentrations were not 
determmed for the first batch of dosmg solutions for replicate 11 of the study. Overall, however, our 
rewewers concluded that the mtegrlty of the study was not affected by these deficlencles 

Our rewewers also noted several deficlencles m the study design with respect to the test animals. For 
example, the age of the ammals at matmg was not specified m the study report The use of animals that 
are too young or too old could alter reproductwe parameters The study report indicated that males were 
I O-l 2 weeks of age and females were 8. IO weeks of age upon arrwal at the testing facility: however, the 
protocol mdlcated that both males and females were to be S-10 weeks old upon arrwal The age at 
matmg could not be determmed despite the fact that gd 0 dates were prowded because the arrwal date of 
the anunals was not prowded The lack of infonnatlon 013 the exact age of the ammals at mating 1s 
particularly problematic due to the use of two rephcates for the definmve teratology study Unless two 
separate shipments of antmals were received, the animals m rephcate II would have been about two 
months older than the animals in replute I Although the study report did not specify that two 
shipments were received, this posslblhty seems likely due to the number of ammals m the initial 
shipment compared to the number of anm~als required. The study report indicated that 166 female CD 
rats were recewed from the breeder and used for both the prehmmary range-findmg study and the 
definltwe teratology study, however. accordmg to the data tables, 86 sperm-posltwc females were 
assigned to the prehmmary study and 137 sperm-posItwe females were assigned to the definitwe 
teratology study (i e , a total of 193 dams) A second group of ammals could have been used for rephcate 
II of the study These deficiencies and dwxepancles may be an wdlcatiou of mcomplete data audit, 
incomplete quality control, or mcomplete quahty assurance rewew Nevertheless, they are consldered by 
our rewewers to not have affected the mterpretatlon of the study results 

Our revwvers also noted several defiuencles m the study design wth respect to anunal husbandry In 
particular, the females were group-housed rather than housed mdwldually. Standard toxicity testmg 
gwdelmes suggest that females should be smgle-caged except during matmg In addition, the 
temperature range was 69 O-73 0 “F, which was slightly outslde the range specified m the protocol 
(70 i 2 OF) The relatwe humldlty range was 20-62% Although a target range was not specified m the 
protocol, the reported relative humldlty value range 1s slightly outslde the normal range Our reviewers 
were slightly more concerned wth the low values for relative humidity due to the potential for mcreased 

9 



msenslble water losses We noted that the lowest decreases m relative humidity were observed dung 
Rephcate II As detailed m the Results sectlo” of this TDER, Rephcate 11 had h&x treatment-related 
mortahty compared to Rephcate I, and no explanatmn for the mcreased mortahty was prowded by the 
study authors Increased msensible water loss is generally not a problem for healthy animals wth 
adequate hydratmn, but may become a problem for hlgh-dose ammals on toxlclty studies The observed 
fluctuatmns m temperature would not be expected to alter the outcome of the study. Finally, the study 
report did not mclude analyses of the animal diet and water for levels of contammants. Although control 
and treatment ammals presumably would have been exposed equally to any contaminants present 11, the 
diet and water, there is a potential for synerglstlc effects between potential contammants and the test 
UtlCIe 

One deficiency was noted by our reviewers regardmg admimstratlon of the dosing solutions. The body 
weight determmatmn on which dosmg was based was not specified Dosmg 1s assumed to have been 
based on the most recent wallable body welght, and the ammals were weighed dally durmg the treatment 
permd 

Our rewewers also noted several deficlencles in the study design regardmg maternal toxicity parameters. 
Specifically, dams were checked for mortality and clinical signs of toxicity at least once dally prmr to 
dosmg The study report mdlcates that ammals were also observed for mortahty or chmcal signs four 
hours post-dosmg, when staff schedulmg allowed. The study results did not mdlcate when, or If. this 
second dally check was made Nevertheless, standard toxuty testmg gmdelines suggest that dams 
should be observed a minimum of twce daily for mortahty and clinical signs In additmn, food 
consumptmn data were not recorded m this study Potent14 effects on maternal body weight could result 
from either a dwect toxic effect of blsphenol A or from a decrease m food consumptmn due to the rrltant 
propertles of bisphenol A. Accordmg to the study report, weight depression in previously conducted 
chrome studies was attributed to slgmficantly reduced food consumption (page 16). 

Fmally, our rewewers noted deficlencles m data reporting Specifically, mdwidual ammal data were not 
mcluded m the study report for the following parameters. dally observations of dams for mortahty and 
clmical signs, maternal body weight measurements, maternal organ weight determmatmns (grawd uterme 
weight and liver weight), gross necropsy findmgs, and all reproductwe parameters (total number of 
corpora lutea, unplantation sites, resorptloos, dead fetuses, and lwe fetuses as well as fetal sex and fetal 
body weight). This lack of mdwdual ammal data for these parameters precludes verlficationivalldatioll 
of the correspondmg results reported. 

STUDY RESULTS 

M&wd Observations 

Mortahtv and Chmcal Observations 

Two vehrcle control dams were removed from the study. one followmg awdental death (punctured 
esophagus durmg dosmg) and one followmg the discovery of a preexistmg clmlcal condition (large 
urmary bladder stones and a shrunken left kidney) on gd 20 In addltlon, one 320-mgikgiday dam was 
removed from the study because she recewed only one half the approprrate dose on gd I3 due to a 
malfunction of the gavage syrmge 
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There were ~no treatment-related deaths in the 0, 160, 320, or 640 mgikgiday groups Dams m the hlgll- 
dose group (1280 mgikgiday), however, had excesswz mortality (26% or 7127) Further analysts 
revealed that mortahty m the high-dose group was rephcate-dependent 10% (l/10) maternal mortality 
occurred m replicate I of the study, whereas 35% (6117) maternal mortal@ occurred m replxate II of the 
study The study author noted that the cause of this rephcate effect was not evident All subsequent 
study data were analyzed wth and without the 1280-mgikgiday dose group 

Chmcal signs for the 1280.mgikgiday dose group were not included 111 the study report The 
predommant clmlcal signs observed in the 160,320, and 640 mg/kg/day groups during the treatment 
period were lethargy, pdoerectlon, pica, rough coat, wet urogenital area, climcal weight loss. and 
alopecia (320 and 640 mgikgiday groups only) Other signs observed sporadically in the 160. 320, or 
640 mgikgiday groups mcluded tremors, red-stamed coat, dyspnea, chromodacryorrhea (bloody tears), 
vocallzatlon, wheezmg, and excess sahvation Alopecia, pdoerectlon, and weight loss also occurred 
sporadically m the vehicle control group 

Bodv Welrht 

Maternal body weight data, analyzed without and wth the high-dose group, are provided m Tables 2a 
and 2b, respectwely In both analyses, dams did not differ slgmficantly among treatment groups wth 
respect to maternal body weight on gd 0 or on gd 6. Maternal body weight on gd 11 and on gd I5 
exhlblted a slgmficant downward trend with respect to increasing dose when data were analyzed both 
wth and v&out the 1280-mgikgiday dose group Slgmficant dlfferences from the control group were 
noted m the 160.mgikgiday, 320-mgikgiday, 640.mgikgiday, and 1280.mg/kg/day groups When 
analyzed wthout the 1280-mglkgiday group, maternal body weight on gd 20 exhlblted a sigmficant dose- 
related decrease, but there was no slgmficant effect for dose nor pairwse differences in treatment groups 
compared to the control. The results for maternal body weight on gd 20 dlffered, however, when the 
1280.mgikgiday group was included m the analysts A slgmficant dose-related decrease in body weight 
occurred, and both the 640- and 1280.mgikgiday groups were slgmficantly below the control group. 
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GDO 

GD6 

GD II 

MEAN 
SEM 
N 

MEAN 
SEM. 
N 

MEAN 
SEM 

0 mgikgiday 

234 31 
2 70 

23 

260 61 
2 62 

23 

281 35it; 
3 05 

Table 2a Mean Maternal Body Weight Durmg Gestatmn (g)a 

N 23 

GD 15 MEAN 302 66tt.I 
S.E.M. 3 36 
N 23 

GD 20 MEAN 356 55.l 
SEM 5 32 
N 23 

160 mgikglday 320 mgikgiday 640 mgikgiday 

238 69 238 24 236.64 
2 53 2 86 2.60 

26 24 29 

261.82 260.91 258.73 
2 64 3 11 2.94 

26 24 29 

269.02*# 262 70**## 260.92**## 
3 41 3 85 3 20 

26 24 29 

289 07*# 280 50**## 278 13**## 
3 67 4 38 3.55 

26 24 29 

341.06 344 43 341.24 
4 19 4 48 3 16 

26 24 29 - 

aDams that were not pregnant at sacrifice, that died, or that were otherwise removed from the study 
were not included in body weight calculatmns 
ISIgnIficant dose-related downward trend (p<O 05) 
tt?Slgnlficant dose-related downward trend (~‘0 001) 
#Slgnrficantly different from control, Wllllams’ Test (p<O 05) 
##Slgmficantly different from control, Wllllams’ Test (p<O 01) 
*Slgnrficantly different from control. Dunnett’s Test (P<O 05) 
**Slgmficantly dlfferent from control, Dunnett’s Test (P<O 01) 

12 



CD0 

GD6 

GD 11 

GD 15 

GD 20 

- 
T 
I 

MEAN 234 37 23X 69 238 24 
SEM 2 70 2 53 2 86 
N 23 26 24 

MEAN 260 61 261 82 260 91 
S E M. 2 62 2 64 3 II 
N 23 26 24 

MEAN 281 351-i? 269 02*# 262.70**## 
S.E.M 3 05 3 41 3 85 
N 23 26 24 

MEAN 302 66t;t 289 07# 280.50**## 
SEM 3 36 3 67 4 38 
N 23 26 24 

Table 2b Mean Maternal Body Weight Durmg GesCtatmn (g)a 
I I I 

0 160 320 
r&kg/day q/kg/day n&kg/day 

I , I 

640 
@kg/day 

236 64 
2 60 

29 

258 73 
2 94 

29 

260 92**## 
3 20 

29 

278 13**## 
3 55 

29 

MEAN 356 55iW 347 06 344 43 341 24# 
S E.M 5 32 4 19 4.48 3 76 
N 23 26 24 29 

- 

- 
I 

- 

1280 
mgikgiday 

235 31 
3 17 

18 

256.91 
3 21 

18 

240 76*‘## 
4 20 

18 

245.20**## 
I 78 

18 

306 70**## 
9.76 

18 

aDams that were not pregnant at sacr~lice, that dtcd, or that were otbenvw removed from the study 
were not included m body waght calculations 
S%+Significant dose-related downward trend (p<O 001) 
#Slgmficantly dlffcrent from control, Wdliams’ Test (~‘0 05) 
##Slgmficantly dlfferent from control, Wllhams Test (~‘0 01) 
*Sigmficantly different from control, Dunnett’s Test (PcO.05) 
**Sigmficantly different from control, Dunn&t’s Test (P<O.Ol) 
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Maternal body wght gam data, analyzed wthout and with the h&dose group, are prowded 11, 
Tables 3a and 3b The two analyses yIelded comparable results wth shght differences m p-levels as 
noted in the tables A slgmficant dose-related downward trend was noted for maternal weight gam 
durmg gestation, maternal weight gam durmg treatment, and absolute maternal weight gam (I e , weight 
gam durmg gestation mmus gravid uterme weight) In both analyses All treatment groups were 
significantly different from the control group for all three parameters. In the 1280~mgikgiday group, 
negatwe weight gam (I e., overall loss of weight with respect to gd 0 values) was observed durmg the 
treatment period 

Gestation 
(gd O-20) 

Table 3a Mean Maternal Body Weight Gam During Gestation (g)a 

0 n&kg/day I60 @kg/day 320 mgikgiday 640 mgikgiday 

MEA 122 l7’iT I08 37*## 106.20**## 104 6O**#X 
N 4 36 3 25 3.39 2 87 
S.E M 23 26 24 29 
N 

Treatment MEA 42 Oj’rti 27 25**## I9 60*+## 19.40**## 
(gd6-15) N 1 78 2 27 2 91 2 42 

SEM 23 26 24 29 
N 

Absoluteb MEA 50 32Yi; 36 36**X# 37.44**## 33.37**## 
N 2 49 2 58 2 13 2.49 
SEM 23 26 24 29 
N 

aDams that were not pregnant at sacrifice, that died. or that were otherwse removed from the study 
were not mcluded in body weight calculations 
bWeight gam durmg gestation minus grawd uterme weight 
ttSlgmficant dose-related downward trend (p<O 01) 
:t?Slgmficant dose-related downward trend (p<O 001) 
##Slgnlficantly different from control, W~lhams’ Test (p<O.Ol) 
*Significantly different from control, Dunnett’s Test (P<O 05) 
**Slgmficantly different from control, Dunnett’s Test (Pi0 01) 
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Gestation 
(gd O-20) 

Treatment 
(gd 6-15) 

Absoluteb 

- 
$ 

Table 3b. Mean Matern: al Body Weight Gam Durmg Gestatmn (g)a 

MEA 
N 
SEM 
N 

MEA 
N 
SEM 
N 

MEA 
N 
SEM 
N 

0 
mgikgiday 

122 17w; 
4 36 

23 

42.05w 
1 78 

23 

50 32;tt 
2 49 

23 

L 

1 - 
27.25*## 19 60**## 19 40**## -11 71**## 

2 27 291 2 42 8 20 
26 24 29 18 

36.36**## 37 44*## 33 37”## 12 56**## 
2 58 2 13 2.49 5 49 

26 24 29 18 

1280 
mgikgiday 

71 39**## 
9 95 

18 

aDams that were not pregnant at sacrifice. that died, or that were otherwse removed from the study 
were not mcluded m body weight calculations 
bWelght gam durmg gestation mmus grawd uterme weight 
ftj%gmficant dose-related downward trend (p<O 001) 
#Slgmficantly different from control, Willlams‘ Test (p<O 05) 
##Significantly different from control, Wdliams’ Test (p<O 01) 
*Significantly different from control. Dunnett’s Test (P<O.Oj) 
**Slgmficantly different from control, Dunnett’s Test (P~0.01) 

The followmg statistically slgmficant rephcate-dependent body weight results were observed only when 
the 1280 mgikgiday group was tncluded (1) slgmficant differences between replrcates for maternal body 
weight on gd 0 and absolute maternal weight gam and (2) slgmftcant dose by replicate mteractions for 
maternal body weight on gd 20. maternal weight gain durmg gestation, and maternal weight gain durmg 
treatment The parameters that exhlbrted dose by rephcate mteractlons were reexammed by rephcate. 
These results are presented m Table 4 For maternal body we& on gd 20 and maternal weight gam 
durmg gestation, significant dose effects were noted in rephcate II only. SpecIfically, slgmficant dose 
related downward trends and slgmficant dlfferences among dose groups were observed for both 
parameters with the 640.mgikgiday and 1280~mgikgiday groups significantly lower than the control 
group m paxwse comparwxx For maternal body weight gain durmg treatment, significant dose effects 
were noted m both replicate I and replicate II. Slgmficant dose related downward trends and significant 
differences among dose groups were observed m both rephcates with all treatment groups significantly 
lower than the control group m paxwse comparisons The statlstlcal slgmficance levels varied shghtly 
between replicate I and rephcate II for this parameter In addltmn, negative weight gain was observed 
durmg the treatment permd m the 1280.mg/kg/day group for rephcatc II only 
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Table 4. Analysis by Replxate of Body Weight Parameters that Exhibited 
Dose by Rephcate Interactmns 

Rephcate 0 
@kg/day 

Maternal Body Weight on gd 20 (g) 

160 320 
mgikglday mgikgiday 

640 
mgikgiday 

1280 
mgikgiday 

I MEA 349.61 342 62 333 66 340 56 324 92 
N 12 07 7 9x 921 5 73 7 19 
S.E.M. 9 IO 8 11 8 
N 

II MEA 361 OltW 349 83 349 82 341 66# 292 I1 **## 
N 4 14lf$ 4 72 4 53 5 06 15 44 
S.E.M 14 16 16 18 IO 
N 

Maternal Waght Cain Durmg Gestatmn (g) 

I MEA I21 25 104 56 98.23 107 87 95.1 I 
N 8 99 5 67 7 86 3 62 5.53 
SEM. 9 10 8 II 8 
N 

11 MEA 122 77t?i- 11075 1 IO 18 102 60*# 52 41**## 
N 4 56:$:f 3 95 2 98 4 07 15.09 
SEM. 14 16 16 I8 IO 
N 

Maternal Weight Gam Durmg Treatment (g) 

I MEA 40 70’ri’f 22.92# 23 30# 21.79*# 5.15**## 
N I 6Ott 2 92 4 68 4.86 9.87 
SEM 9 IO 8 II 8 
N 

II MEA 42 92:i’t 29 96# 17.75*%w 17 93**## -25 19**## 
N 2 77$$1: 3.07 3 69 2 58 I1 08 
SEM 14 16 I6 18 10 
N 

?ttSlgnlficant dose-related downward trend (p<O 001) 
:$Slgnificant dlfference among dose groups (p<O 01) 
:$$Slgnlficant difference among dose groups (p<O.OOl) 
#Slgmficantly different from control, Wdhams Test (p<O OS) 
X#Slgnificantly different from control, Willlams’ Test (p<O 01) 
*Slgnlticantly different from control, Dunnett’s Test (P<O 05) 
**.%gmficantly different from control, Dunnett’s Test (PC0 01) 
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Food consumptmn data were not recorded in this study 

Maternal Necropsv Findings 

Pinworms, fat deposits fused to kidneys, and mottled kidneys were reported as clm~cal signs on gd 20 in 
the study report, there was no relatmnship to treatment The nature of these reported clinical signs, 
however, suggests that they were observed durmg the dlssectmn followmg sacrltice Animals that died 
on study were to have been necropsled, however, these findmgs were not mcluded in the study report 

Reproductive ParametersiOrean Wwzhts 

Data on reproductive parameters and organ weights, analyzed wthout and with the high-dose group, are 
prowded m Tables 5a and jb, respectively When analyzed wthout the high-dose group, there were no 
significant effects on any ofthe reproductwe parameters or organ wetghts Inclusion of the 
1280.mgikgiday group resulted m a signtficant dose-related upward trend m the per htter percent of 
resorptmns, dead fetuses, and nonlive mlplants, however, there were no significant dtfferences among 
treatment groups m the ANOVA and no slgnlficant pairwse differences between treatment groups and 
the control group. In addltlon, the average lwe fetal body weight (males and females combmed) per htter 
and the average hve male fetal body weight per litter exhlblted a slgnlficant dose-related downward 
trend. Again, there were no slgmficant differences among treatment groups in the ANOVA and no 
slgmficant pawwise differences between treatment groups and the control group Average hve female 
fetal body weight per htter was not sigmficantly affected by treatment. Grawd uterus wclght exhIbIted a 
sigmficant dose-related downward trend although there were no sigmficant dlfferenccs among treatment 
groups in the ANOVA and no slgmficant pairwise differences between treatment groups and the control 
group. Fmally, relative liver weight exhlbited a slgmficant dose-related upward trend wth the 
1280.mgikgiday group slgmficantly higher than the control group 

II 
Table 5a. Reproductwe Parameters and Organ Weightsa 

I I 
0 160 320 640 

mgikgiday mgikgiday mgikgiday m&kg/day 
I 

Subjects 

Number Treated 

Number Removed 

Number Dead 

27 27b 

2c 0 

0 0 

27 29 

Id 0 

0 0 

Number (%) Pregnant 
at Sacrifice 

All Lmers 

23 (92.0) 26 (96 3) 24 (92.3) 29(1000) 

Number of Litters 23 26 24 29 
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Number of Corpora Ml?all 
Lutea Dam per SEM 

0 160 320 640 
mgikglday q/kg/day mgikgiday mgikgiday 

16 74 16 l2e I5 83 16 OOe 
0 71 0 78 0 59 0 77 

II Prelmplantatmn Loss I I Meal? 1656 
Percentage S E.M 4 27 I 13.99 

3.02 

II Percent Dead per Litter 

II Percent Nonlwe per 
Litterf 

Live Litters Live Litters 

Number of Loners wtb Number of Loners wtb 
Live Fetuses Live Fetuses 

22 22 26 26 24 24 29 29 

II l”watIlaleFetuses 1 $;, 1 4; ;; 1 “t.86; / 43.;; ~1 4;:;; 11 

II Average Fetal We&t 
(g) per Lltterg 

II Average Male Fetal 
We1gbt (g) per Lltterg 

II Average Female Fetal 
Weight(g) per Lltterg 
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organ Weights 

0 160 320 640 
mglkglday mglkgiday mgikgiday mgikglday 

Gravid Uterus Weight Mea11 71 86 71.9811 68 76 71.23 
cd SEM 3 70 2 51 2 61 2 70 

N 23 26 24 29 

Maternal Lwer Weight Mean 15 38 14 52 15 03 14.69 
(8) S E.M. 0.27 0 22 0 30 0 30 

N 23 26 24 29 

Relatwe Maternal Liver Mean 4.32 4.20 4 36 431 
Weight S.E M 0.06 0.08 0 07 0.08 
(“A body weight) N 23 26 24 29 

aDams that were not pregnant at sacrifice, that died, or that were otherwse removed from the study 
were not mcluded 
bone dam observed to have dosing formulation running out of the mouth and/or nose Just after 
dosmg on gd 9 
cone dam removed followmg accidental death (punctured esophagus during dosmg); one dam 
removed followmg the discovery of a preexisting urmary tract condmon (large urmary bladder 
stones and a shrunken left kidney) at sacrifice 
dDam removed after recewmg half the appropriate dose on gd 13 due to a malfimctlon of the gavage 
syringe. 
eNumber of corpora lutea for one dam was not recorded 
fN I on we includes both dead and resorbed fetuses 
gIncludes only dams wth lwe fetuses. 
hGrawd uterme weight for one dam was not recorded 

Table 5b. Reproductive Parameters and Organ Weightsa 
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All Litters 

Percent Dead per 

PercentNonhveper ) Mean 7 54;1‘ 3 13 1 6.48 1 685 1 1828 
Lltterf S E.M 439 0 93 1.33 2.06 7.29 

Lwe Litters 

Number of Laters 
wth Lwe Fetuses 

Number of Lwe 
Fetuses per Lltterg 

Percent Male 
Fetuses per Litter 

Average Fetal 
Waght (g) per 
Littei?? 

Average Male Fetal 
Weight (g) per 
Litt& 

Average Female 
Fetal Weight(g) per 
Lltw.!z 

0 160 320 640 1280 
mgikgiday mg/kg/day mglkglday mgikgiday mg/kglday 
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0 160 320 640 1280 
mgikglday q/kg/day mglkgiday mgikglday mglkglday 

Organ Weights 

Grawd Uterus 
We&t k) 

Maternal Liver 
Weight (g) 

Relatrve Maternal 
Lwer Weight 
(% body wght) 

Mean 1538 14.52 15.03 
SEM 0 21 022 0.30 
N 23 26 24 

Mean 432W 420 4.36 
S E.M 0.06 008 0.07 
N r23 26 24 

14.69 1444 
0.30 034 

29 18 

t 

4.3 1 417** 
008 0 16 

29 I8 

aDams that were not pregnant at sacnfice, that died, or that were othenwse removed from the study 
were not mcluded 
bone dam observed to have dosmg formulatmn runnmg out of the mouth and/or nose Just after dosmg 
ongd9 
cone dam removed followmg accidental death (punctured esophagus during dosing); one dam 
removed following the discovery of a preexlstmg urmary tract condltmn (large urmary bladder stones 
and a shrunken left kidney) at sacrifice 
dDam removed after receivmg half the appropriate dose on gd 13 due to a malfunctmn of the gavage 
syrmge 
eNumber of corpora lutea for one dam was not recorded 
fNonlive mcludes both dead and resorbed fetuses. 
glncludes only dams wth live fetuses 
hGrawd uterine weight for one dam was not recorded 
?Slgmficant dose-related downward trend (p<O 05) 
PtSignlficant dose-related downward trend (p<O 01) 
tPiSlgnlficant dose-related downward trend (p<O 001) 
**Slgmticantly different from control. Dunn&t‘s Test (P<O 01) 

The followmg statlstlcally significant rephcate-dependent reproductive and organ weight results were 
observed only when the 1280 mgikgiday group was Included: (I) significant differences between 
rephcates for number of corpora lutea per dam and (2) slgmficant dose by rephcate interactions for 
percent of nonlive Implants per litter, number of live fetuses per litter, percent affected fetuses per htter, 
and grawd uterus weight The parameters that exhibited dose by rephcate interactions were reexammed 
by repbcate These results are presented in Table 6 For percent of nonlwe Implants per litter and gravid 
uterus weight, slgnlficant dose effects were noted in replicate II only Specifically, a significant dose 
related upward trend in the percent of nonhve Implants per litter was observed wth the 1280.mg/kg/day 
group significantly higher than the control group in parwse compar~?ons. For grawd uterus weight, 
there was a slgmficant dose-related downward trend, slgmficant differences among treatment groups, and 
a significant decrease in the 1280~mgikgiday group compared to the control group There were no 
significant dose effects on the number of hve fetuses per htter when analyzed by replicate 
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Table 6 Analysts by Rephcate of Reproductwe and Organ Weight Parameters that ExhIbited 
Dose by Rephcate Interactmns 

mgikgiday mglkgiday mgikgiday mgikglday tug/kg/day 

Percent of Nonlwe Implants per Litter 

3 07 5 54 5 40 5 13 
1 29 2.22 2 IO 2 85 

10 8 11 8 

3 17 6 95 1.74 28 80**## 
131 1 70 3 IO 12.17 

16 16 18 10 

Number of Live Fetuses per Litter 

I MEA 14 13 12 70 11 38 12.27 13 75 
N 0.52 0 82 1.13 0 92 0 53 
SEM 8 10 8 11 8 
N 

11 MEA 13 14 13 44 13 50 13 56 11 25 
N 0 47 0 52 0.43 0 56 0.84 
S.EM 14 16 16 18 8 
N 

Percent of Affected Fetuses per Litter 

l MEA 24 70 6 56 15.74 9 53 7 63 
N 10.1 I 3 30 5.80 2.36 3.27 
S E.M 9 10 8 11 8 
N 

[I MEA 8 OOt’r”r 8 62 13.96 12.91 34.16** 
N 1 82:$ 2.17 2 62 3 20 11 80 
SEM 14 16 16 18 IO 
N 
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Rephcate 0 160 320 640 1280 
@kg/day mgikgiday mgikgiday mgikgiday mgikgiday 

Grawd Uterus Weight (g) 

I MEA 69 29 68 17 62.02 67.60 71 15 
N 8 83 4 75 6 17 4 50 2 89 
SEM. 9 10 8 II 8 
N 

II MEA 73 51ttt 74 51 72 13 73 44 48 49** 
N 2.57:lf 2 69 2 12 3 36 8 50 
S.E.M. 14 15 16 18 
N 

fVi%gmficant dose-related downward trend (p<O.OOl) 
$$Slgmficant difference among dose groups (p<O.Ol) 
$$$Sigmficant difference among dose groups (p<O 001) 
##Significantly different from control, Willlams’ Test (p<O 01) 
**.%gnlficantly different from control, Dunnett’s Test (P<O 01) 

Tissues were not examined histologically 

Fetal Observations 

The results of analyses of fetal parameters were comparable wth and wthout the 1280.mg/kglday group, 
and therefore, are not presented separately These results are shown in Table 7. The percent of fetuses 
malformed per litter, percent of male fetuses malformed per htter, and percent of female fetuses 
malformed per litter were comparable among treatment groups. There were no slgmticant replicate 
effects for these parameters 
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Table 7. Summary of Fetal Observations 

0 160 320 640 1280 
mgikgiday mgikgiday mglkglday mg/kg/day mgikgiday 

Number of Litters 

Percent Male 

aonly live fetuses were exalnmed for malformatmns. 
body htters wth he fetuses were mcluded 

Fetal External Exammatmn 

The occurrence of external malformatmns was not evaluated statlstlcally In total, external 
malformations were observed in two control fetuses (two litters), one 160-mgikgiday fetus, and one 
320~me/kg/day fetus, there were no external malformations in 640.mg/kg/day and 1280.mgikglday 
fetuses Grossly observed changes occurred sporadically and Included small right ear, bilateral 
anophthalmla, constriction of the tall, edema, absent oral and nasal orifices, mlcrodactyly (small digits), 
and anal atresla (no anal openmg). The total fetal and litter incidences of external variations were not 
provided, nor were the variations reported dwrded mto external, visceral, and skeletal categories 
External variatmns appear to have consisted of hematomas on the back, jaw, lower limb, face, head, 
neck, abdomen, tall, and upper limb 

Fetal Vwxral Exammation 

The occurrence of wsceral malformations was not evaluated statistically In total, visceral 
malformations were observed m 16 control fetuses (8 htters), 15 160mgikgiday fetuses (9 Iltters), IO 
320-mg/kg/day fetuses (7 Inters), 12 640-mgikgiday fetuses (8 htters), and 5 1280-mglkgiday fetuses 
(3 litters). Hydroureter and hydronephrosls were the most common findmgs. The total fetal and htter 
mcidences of visceral variations were not prowded, nor were the variations reported diwded mto 
external, visceral, and skeletal categories Visceral varlatlons appear to have consisted of distended 
ureter(s), hemorrhagic adrenals, globular heart, and very soft ktdney tissue. 
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Fetal Skeletal Exammatlon 

The occurrence of skeletal malformatmns was not evaluated statistically In total, skeletal 
malformations were observed m seven control fetuses (five litters), three 160mg/kg/day fetuses (two 
Iltters), twelve 320-mgikgiday fetuses (SIX I&x-s), eight 640-mglkgiday fetuses (four htters), and five 
1280.mgikgiday fetuses (four litters) Short rib was the most common finding The total fetal and htter 
mcldences of sheletal varlatmns were not provided, nor were the variations reported dwded mto external, 
visceral, and skeletal categories. Skeletal varmtlons appear to have consisted of bipartite centra, vvavy 
I-lb, mcomplete owticatlon of the parretals and/or mterparietals, misahgned sternebrae, extra ossdication 
site(s), frontals and parletals fused on lateral edges, and small or mlssmg publs 

ASSESSMENT 

The purpose of this study was to evaluate the toxic and teratogemc effects of the test materlal (bisphenol 
A) admmlstered orally to pregnant rats dung the period of organogenesis (gestation days 6-15) The 
deficrencres and dewatlons m experimental design were dlscussed above. The lack of food consumption 
data and the low relatwe humidity are the major deficiencies noted by our rewewers The effects on 
body weight observed m the dams may have been due to a treatment-related decrease m food 
consumption or increased insensible water losses However, our rewewers comment that the study data 
clearly mdlcate that high doses of blsphenol A are toxic and arc associated wth mcreases m mortahty 
ranging from 10% (prellmmary study) to 26% (definitwz teratology study) In contrast, at lower doses of 
the test article, decreases m food consumption and msenstble water loss might explam decreases in body 
weight Our rewewers noted that other study design deficlencles were not likely to have affected the 
study results 

CONCLUSIONS 

The admmistratlon of the test article, blsphenol A; m corn 011 resulted m 26% mortality m the IllgIl-dose 
group (1280 mgikglday), but no treatment-related deaths mother dose groups Statlstlcal analysis of 
these data mdlcated that this effect was replicate-dependent, other maternal toxicity parameters also 
exhlblted replicate-dependent effects m the high-dose group. Therefore, the study author decided to 
exclude all h&-dose group data from then conclusions to avold makmg erroneous determmatlons 
regardmg the teratogemcitoxlc potential of blsphenol A Accordingly, the study author concluded that 
bisphenol A doses of 160,320, or 640 mgikgiday caused maternal toxluty as ewdenced by slgmficant 
dose-related effects on maternal body weight and body weight gain The study author further concluded 
that blsphenol A doses of 160, 320, or 640 mgikgiday had no embryotoxx, fetotoxlc, or teratogemc 
effects Our reviewers agree wth the study author’s CO~C~U~IO~S but note. however, that the maternal 
body weight effects can not be clearly attributed to the direct toxic effect of blsphenol A m the absence of 
food consumption data and grven the low relative humid@ Our rewewers also note that the study 
conclusions would not be altered by inclusion of the high-dose group results Therefore, the LOAEL for 
maternal toxclty IS 160 mgikgiday based on body weight effects, no maternal NOAEL can be 
established The NOAEL for developmental effects IS 1280 mgikgiday, no developmental LOAEL could 
be estabhshed 
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EXECUTIVE SUMMARY 

In a developmental toxnty study, blsphenol A m corn oil was admimstered to mated female COBS 
CD@ (SD)BR outbred albino rats (27-29/dose) by gavage at dose levels of 0, 160,320, 640, or 
1280 mgikgiday from days 6 through I5 of gestatmn. The high-dose group exhlblted 26% motiallty, 
there were no treatment-related deaths m other dose groups B~sphenol A doses of 160, 320,640, or 
1280 mgikgiday resulted m signlticant dose-related effects on maternal body we@ (gd I I and gd 15) 
and body weight gam (gestation, treatment, and absolute) Because food consumption data were not 
recorded, 11 IS unclear whether these body weight effects are the result of dxect blsphenol A toxuty or 
the result of treatment-related decreases in food consumption In addition, msenslble water loss resulting 
from the low relatwe humldlty could have contributed to body weight effects. There were no 
embryotoxlc, fetotoxlc, or teratogemc effects at any dose level Therefore, the LOAEL for maternal 
toxrclty is 160 mgikgiday based on body weight effects, no maternal NOAEL can be estabhshed. The 
NOAEL for developmental effects IS 1280 mgikgiday, no developmental LOAEL could be estabhshed 
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Appendix A. Data Validation 

Teratologic Evaluation of Bisphenol A (CAS No. 80-05-7) 
Administered to CD8 Rats on Gestational Days 6 through 15 (NTP-85-089) 

I. ANIMALS FOLLOWED THROUGHOUT THE STUDY 

The hmlted nature of the data provided for md~v~dua.1 animals in the study precluded the traditional 
random review throughout the study. Observed fetal malformarlons and vanatlons were provided m 
Table 14 (also m Table I-5, Appendix I), as well as the maternal weight gam dunng treatment and 
gestation (Appendix VI), but there were no means by which to vaildate these data 

II. CRITICAL EFFECTS AND SPOTCHECKS 

A comparxon of the study Matenals and Methods sectIon to the study Protocol was done. The nutial 
Protocol was amended as noted m Appendx II of the study. The amended Protocol called for males and 
females, approximately 8-10 weeks of age upon arrival. The Materials and Methods section noted males 
to amve between lo-12 weeks of age and females amved at 8-10 weeks of age. The protocol also called 
for a Sml ahquot of the dosmg formulahons to be analyzed to venfy concentration The study used a Iml 
ahquot to venfy concentrations. In ad&Ion, the amended Protocol said that Duncan’s Multiple Range 
Test would be used for Intergroup comparison when significant mam effects occurred and the Materials 
and Methods se&on noted that WIlllams and/or Dunnett’s Multiple Comparison Test was used. 

The lImIted nature of the data provided for mdlvldual animals m the study restricted the vahdatlon of 
mean values, mcldence rates, and statutica analyses. A hmited number of checks were made when data 
were ax&able. Usmg the fetal malformation and vacation data provided (Table 14), a spotcheck of the 
summary mtxdence rates (Table 13) showed no mconsistencles. The summary data (Table 9) for 
Maternal Weight Gam durmg gestation and treatment (data found m Appenchx VI), were checked for all 
four dosmg groups (0, 160, 320, and 640 mglkgiday). The one mmor NIX noted was that data was hsted 
for 25 dams (m the 320 mgikgiday group) in Appendzi VI. This differed from the 24 pregnant dams on 
wluch the mean value and all other calculations were made (as noted m Table 9). The data in Table 9 did 
not seem to be comprormsed, as the mean value appeared to exclude that extra data pomt. 

III. FINDINGS 

The stated findings of the study appear to be accurately reflected m the data provided. The deviations 
from the protocol do not appear to effect the vahdlty of the study results. The lirmted amount of data 
actually presented chd not allow for a complete and random vahdahbn effort. Even so, there appears to 
be no reason to doubt the vahdlty of the study results. 
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STUDY SUMMARY 

Compliance Statement 

The study protocol indicated that the study would be conducted accordmg to FDA GLP standards The 
study report was signed by the Study Director on May 29, 1985, but did not contain a specific 
compliance statement. 

Quality Assurance Statement 

A quallty assurance (QA) statement was included with the study and was signed by the Quality 
Assurance Umt on August 7, 1985 The QA statement indicated that the final report and final data audits 
were performed August 1-2, 1985 ’ 

Study Objective 

The study objectwe was to evaluate the effects of bisphenol administered in the diet to CD-1 mice on 
matmg performance, fertility, and pregnancy in the FO generation The study was conducted according to 
NTP’s “Fertility Assessment by Contmuous Breeding” which consists of four tasks. Task 1 is a 14-day 
repeat dose range-finding study. Task 2 is the continuous breedmg phase to ascertain effects on 
reproduction in the FO animals. Task 3 is only conducted when positwe findings are noted in Task 2, and 
consists of cross-over breeding of the control and high-dose FO animals to determine the affected sex. 
Task 4 is only conducted If no effects are noted in Task 2, and evaluates reproduction in the Fl animals 
from the control and high-dose groups. In this study, Tasks l-4 were conducted 

MATERIALS AND METHODS 

Reviewer’s Note: There was little informatlon regardmg materials and methods m the report narrative, 
The mformatlon presented in the TDER was inferred from the materials and methods described in the 
study protocol and report appendlces. 

Test Article 

Descrmtion The study protocol (Sectlon 5 of the NTP Report) stated that the source of the Test Material 
(Blsphenol A) was Alpha Products (Lot No 011681) The Quahty Assurance Statement (page 8 of the 
NTP Report) stated that the bisphenol A was obtained from Dow Chemical Company (Lot No. DC 6-24- 
75, MRI Batch No. 02) via MIdwest Research Institute (MRI) The NTP Report No. 85-192 does not 
state whether the Protocol was amended. Therefore, the source and Lot Number of the Bisphenol A that 
was used to prepare the test diets is not clearly stated in the NTP Report No. 85-192. 

Analysis of Puritv, Homogeneltv and Stab@. In the NTP Report there ts a MRI report of analysis, 
homogeneity, and stabihty on blsphenol A (Lot No DC 6-24-75) which was obtamed from Dow 
Chemical Company. The NTP Report did not prowde a similar analysis for bisphenol A from Alpha 

’ Our reviewers note that it is unusual to have the data and the report audited after the report was 
Issued (i.e , date of the Study DIrector’s signature). There was no explanation prowded in the report 
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Products MRI conducted spectrophotometrlc and chromatographx analyses of the compound, and 
determined that the test article was approximately 95% pure. For the analysts of heat stab]@, samples 
of l&phenol A were stored for 2 weeks at -2O”C, 5”C, 2S”C, and 60°C. Analysis of these samples by 
vapor-phase chromatography showed that bisphenol A was stable for 2 weeks at temperatures up to 
60°C. For analysis of homogeneity, bisphenol A was mixed with Wayne Lab-Blox Rodent Feed in a 
blender for one hour. Dung the blending period, a sample from the top of each shell and one from the 
bottom center trap were removed at 15 minute intervals and analyzed by vapor-phase chromatography. 
MRI concluded that the mixture of 10% bisphenol A in feed 1s homogeneous after 15-30 minutes m the 
blender For analysis of storage, another batch of 10% bisphenol m feed was produced v&h 30 minutes 
of rmxing in the blender. Samples were removed and stored for 2 weeks at -2O”C, 5”C, 25”C, and 45°C 
Analysis of these samples by vapor-phase chromatography showed that blsphenol A mixed with feed 

was stable for 2 weeks at temperatures up to 45°C The certificate of analysis is provided in Section 6 of 
the study report. 

Diet Preaaration. The basal diet was NIH-07 open formula ground rodent chow supplied by Zeigler 
Brothers, Gardners, PA. The test article was mixed with an aliquot of the ground rodent chow in a 
beaker with a spatula This aliquot was then added to the remamder of the rodent chow and blended for 
20 minutes in an eight quart Patterson-Kelley Liquid-Solids Twin Shell Blender. The diets were 
prepared weekly and stored at 4°C. D1et.s were color- and number-coded to ensure that all personnel 
engaged m mhfe data collection were blinded to dose. 

Reserve Samples A sample of the test and control diets were taken prior to the mltiation of Task 1 and 
at weeks 1, 6, 12 and 18 of Task 2. The samples were shipped to MRI to analyze the concentrations and 
stability of the test article in the diets. The results are presented below in Table 2 (Task 1) and Tables 5-6 
(Task 2). The certificates of analysis are provided m Section 6 of the study report 

Animals 

Recemt and Acchmation. A total of 300 COBS Crl:CD-1, (1CR)BR mice, 150/sex, were supphed by 
Charles River Breedmg Laboratories, Inc., Kingston, NY on August 3 1, 1984. The choice of test animal 
species and stram was justified in the study protocol. The ammals were 6 weeks of age at the time of 
receipt. Ammals that were to be used for Task 1 were quarantined for two weeks and ammals that were 
to be used for Task 2 were isolated for five weeks. After two weeks of quarantme, two males and two 
females were sacrificed Serum samples were obtained and shipped to Mxrobiological Associates, Inc., 
Bethesda, MD for determmation of antiboches (indicative of prior exposure/infection) to 11 mouse 
viruses The study report states that all sera were negative, but the report from Microbiological 
Associates was not Included. 

Housine. Diet and Environment During the quarantine period, IO ammals per sex were caged together. 
During Task 1, four animals per sex were housed together. During the premating period of Task 2, 5 
animals per sex were caged together During the breeding phases of Tasks 2 and 3, breeding pairs were 
housed together, and durmg the subsequent 21-day segregation phase, the animals were caged 
individually In Task 4, the pups that were chosen for the matmg phase were housed in groups of 2-3 
mice per sex. During the breeding phases of Task 4, breedmg pus were housed together, and dung the 
subsequent 21-day segregation phase, the ammals were caged individually The rats were housed m sohd 
bottom polypropylene or polycarbonate cages with stamless steel wire hds All cages were supplied with 
Ab-Sorb-Dri bedding which was supplied by Laboratory Products, Inc., Garfield, NJ, bedding was 
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changed weekly The animals were supplied with 14 hours of l&t and 10 hours of dark; the photoperiod 
was automatically controlled The room temperature and humidity were momtored with an electronic 
hygrothermograph supplied by Omnidata International, Inc., Logan, UT. The study protocol stated that 
room temperatures would be mamtained at 70 5 2”F, but the study report did not specify the actual range 
or the range of humidity during the study. The air was exchanged 12-14 times per hour 

The ammals were provided food and water ad lrbztum. 

Experimental Design 

Assienment to Study Grouo and Dose Selection. The mze were weight-stratified and randomly assigned 
to control and treatment groups. The dose levels for Task 1 were based on information available in the 
hterature, and the dose levels for Task 2 were based on the results of Task 1. For Task 1, 8 
mice/sex/group were administered dietary concentrations of 0, 0.3 1, 0 62, 1.25, 2.5 and 5% blsphenol A 
For Task 2, there were 40 animals/sex in the control group and 20 animals/sex in each treatment group, 
and the dletaxy concentrations were 0, 0.25, 0 5 and 1% bisphenol A. The animals in the control and 1% 
groups were retained for Task 3. For Task 4, the Fl pups from the last litter produced in Task 2 were 
retained. For the control and treated groups in Task 4,20 male pups and 20 female pups were randomly 
selected to include 2 pups per sex from each of 10 randomly selected litters If possible. Our reviewers 
note that the process of dose selection for each task was clearly outlined in the study protocol and the 
report narrative. 

Dosine Period. The Task 1 ammals were 8 weeks of age at the beginning of treatment and were treated 
for 14 days The Task 2 animals were 11 weeks of age at the beginning of treatment. The animals were 
treated for 7 days before mating, throughout the 98 day breeding phase and dung the subsequent 21 day 
segregation phase. For Task 3, the control and high-dose animals from Task 2 were retained Following 
the 21 day segregation phase of Task 2, treatment of Task 3 animals was discontmued for the one week 
cohabltatlon phase. The Task 3 animals were then placed back on treatment for 21 days For Task 4, the 
Fl pups from the last litter of the animals in Task 2 were retained. These animals were placed on the 
appropriate diets at weaning and these diets were administered for the duration of Task 4. 

Clinical Observations 

During the study all animals were examined twice dally for mortality, morbidity, and signs of toxicity. A 
complete physical exammation was conducted once weekly. 

Body Weight Measurements 

The Task 1 animals were welghed at the begmnmg of the study and weekly thereafter. Body weights of 
Task 2 ammals were recorded at weeks 0, 1, 2, 5, 9, 13 and 18. The Task 2 females were also weighed 
on the day of delivery. Body weights of the Task 3 animals were recorded weekly for the 4-week 
duration of Task 3. The Task 4 ammals were weighed at birth, weaning, at commencement of the 7-day 
cohabitation phase at day 74 k 10, and weekly thereafter. 
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Food Consumpiion 
For Task 1, food consumption was recorded weekly For Task 2, food consumption was recorded for 
weeks 1,2, 5, 9, 13 and 18. For Task 3 and Task 4, food consumption was recorded weekly during the 
segregation phase 

Breeding Procedures 

After the 7-day premating phase of Task 2, each female was palred with a male from the same treatment 
group for 98 consecutive days. The females were allowed to deliver each litter. The pups were sacrificed 
wlthin 16 hours of birth so that the breeding pairs could mate again at postpartum estrus. The number 
and proportion of fertile pairs and the number of htters produced per breeding pair were recorded. The 
last litters produced during Task 2 were retamed for Task 4. 

The animals in the control and 1% groups of Task 2 were. retained for Task 3 Immediately following the 
21 day segregation phase of Task 2, the males m the 1% group were randomly palred with half of the 
control females and the females in the 1% group were randomly paired with half of the control males 
Each remaining control female was randomly palred with the remaining control males. The animals were 
cohabited for one week. The females were examined each mommg for evidence of mating (presence of a 
vaginal copulatory plug). The breeding paus were separated after one week. Vaginal cytology was 
performed for 5 days on any females that did not have a copulatory plug and were not pregnant by day 
144 

The Fl animals from the last litter of Task 2 were retamed for Task 4. When the Fl ammals were 74 & 
10 days of age, each female was paired with a male from the same treatment group for one week. The 
females were exammed each morning for evidence of mating (presence of a vaginal copulatory plug). 
The breeding pairs were. separated after one week. Vagmal cytology was performed for 5 days on any 
females that did not have a copulatory plug and did not appear pregnant 16 days after separation of the 
breedmg pairs. 

Litters 

For each litter produced m Tasks 2,3 and 4, the hve offspring were sexed, counted, pooled and weighed 
by sex The dead pups were counted, but their sex and weights were not recorded. The animals in the 
last litter produced during Task 2 were retained for Task 4; their body weights were also recorded at 
weaning on day 21. The other pups produced in Task 2, as well as those produced in Tasks 3 and 4 were 
sacrlficed and discarded wlthout necropsy. 

Scheduled Necropsy Examinations 

After 14 days of treatment, the Task 1 animals were sacrificed by asphyxiation with CO, and discarded 
wlthout necropsy. At the end of Task 2, the ammals m the 0 25 and 0.5% groups were sacrificed by 
asphyxlatlon with CO, and dlscarded without necropsy. 

At the end of Tasks 3 and 4, the animals were sacrificed by asphyxiation with CO, and terminal body 
weights were recorded. For males, the weights of the liver, kidneys (weighed together with the adrenals), 
left testis with attached epididymis, rrght testis, right epididymls, seminal vesicles (with coagulating 
glands) and prostate gland were recorded. For females, the weights of the hver, kidneys (weighed 
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together wth the adrenals) were recorded. The uterus with the upper half of the vagina, liver, 
kidneys/adrenals, semmal vesicles, prostate, brain and pihntary: and partly eviscerated carcass were 
fixed m 10% neutral-buffered formalin The ovaries and oviducts, the left testis with attached epidldymis 
and right testis were fixed in Boum’s solution. The right cauda epldidymis was excised and retained for 
sperm analyses, the remainmg right caput and corpus epididymls were fixed in Bouin’s solution. The 
weight of the cauda was recorded. 

For analysis of sperm motility, a drop of modified Tyrode’s buffer contaming egg yolk (supplied by 
Enwronmental Health research and Testmg, Lexington, KY) was placed on a prewarmed slide. A small 
aliquot of seminal fluld was then pressed out onto the shde and a coverslip was placed over the shde. A 
stage warmer was attached to a mIcroscope and the sample was evaluated for sperm motihty using 400X 
magnification. The percent motile sperm per sample was recorded For determmation of sperm count, 
the cauda was placed m a petri dish containing 2 ml prewarmed (37°C) sterile phosphate-buffered saline 
solution (pH 7 2). The cauda was gently chopped and the contents were gently “expressed”. The sperm 
were dispersed into the saline solution by swirlmg the petri dish, the samples were then incubated for 15 
minutes at 37°C. The petri dish was then swirled and the sperm suspension was gently flushed through a 
prewarmed (37°C) Pasteur pipet A 0.5 ml ahquot was then placed in a test tube (15 X 100 mm) and 
diluted with 1 ml phosphate-buffered saline (pH 7.2). The test tube was agitated by hand and then placed 
in boding water for 30 seconds to kill the sperm. The test tube was then agitated and two aliquots of the 
suspension were counted in a hemocytometer The data were recorded as number of cauda epididymal 
sperm per mg tissue The remaming orlginal sperm suspension was transferred to a test tube (10 X 75 
mm) and one drop of 1% Eosin Y stam in water was added After 45 mmutes, the sperm were 
resuspended Four aliquots were placed on slides, allowed to air dry overnight and coverslipped using 
Permount mounting medium diluted wth xylene. The slides were examined with a microscope under 
400X magmtication and at least 500 sperm per slide were evaluated for normal and abnormal 
morphology using the criteria pubhshed by Wyrobeck and Bruce (1975) and Soares et al. (1979). 

Histopathology 

The preserved tissues from Task 3 and 4 animals were shipped to Experimental Pathology Laboratories, 
Inc. (EPL) for histological examination. EPL prepared cross sections of the medial lobe of the Iwet, 
adrenal glands and right kidney, and longitudinal sections of the left kidney for both sexes For all male 
mice, EPL prepared longitudinal sections of the left testIs wth attached epididymis, the right testis and 
the right epididymls, as well as cross sections of the seminal vesicles and prostate. For females, EPL 
prepared cross sections of the ovary with attached oviduct, both uterme horns and the upper half of the 
vagina All sections were stained with hematoxylm and eosm and were exammed by a pathologist at 
EPL. The report and a quality assurance report certification whzch was signed by the Study Directolj on 
May 17, 1985 are provided m Section 8 of the study report. 

’ Fixed in following removal of the (dorsal) cranial roof 

’ The EPL histopathology study (EPL Study No. 229-062) was conducted as a separate study 
wth its own Study Director (J. Hardisty); a protocol was not mcluded for the EPL study 
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Statistical Evaluation 

The number of litters and the number of hve pups per htter were computed for each fertile pair of Task 2 
animals and then treatment means were determmed. For each fertile pair in Tasks 3 and 4, the number of 
live pups per htter was calculated. The following formula was used to calculate the fatality Index. 

# of breedinr G-s uroducing viable litter X 100 
# of breedmg pars 

The statistics used to analyze the various parameters are presented in Table 1. 

Table 1. 
Statistical Evaluation 

Parameter 

Task 1 - % body weight gain over 14-day period 

Statistic 

Analysis of variance and Dunnett’s Multiple 
Range Test 

% mortality, proportion of fertile pairs Chi Square Test for homogeneity and Fisher’s 
Exact test for pairwise comparisons 

Mean number of htters, mean litter size, number Chi Square Approximation to the Kruskal-Wallis 
of hve offspring, proportion of live pups, sex of test, Jonckheere’s Test and Mann-Whitney U Test 
live pups 

Mean pup body weights, organ weights Analysis of variance using the Kruskal-Wallis 
Test and pair-wise comparisons usmg the Mann- 
Whitney U Test and Jonckheere’s Test. Analysis 
of covarmnce and t-test to judge sigmficance of 
differences 

Terminal body weights Analysis of variance and t-test to judge 
significance of differences 

The study protocol was provided in Section 5 of the study report The study was well designed and 
followed NTP’s reproductive toxicology testing scheme designated “Fertihty Assessment by Continuous 
Breeding” At the time that the study was conducted, the protocol was new to the scientific and 
regulatory community. Although FDA and EPA have never formally converted this protocol into a test 
gmdelme, It is generally accepted in lieu of a two-generation reproductive toxicity study. 
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STUDY RESULTS 

TASK 1 

Analysis of Levels of BisphenolA in the Feed 

The levels of bisphenol A in the feed are presented m Table 2. The actual levels of bisphenol A ranged 
from 93-102% of the target levels. 

Table 2. 
Levels of Bisphenol A in the Feed 

Sample Identification 

Control 

0.3 12% 
(3.12 m&d 

0.625% 
(6 25 mg/g) 

Bisphenol A Found 
Bisphenol A Found @g/g) Per Label (“h) 

< edlb __ 
< edlb __ 
< edlb __ 

2 93 94 
2.93 94 
2 89 92 

93 2 1” 

6.21 99 
5.96 95 
6.08 91 

97&2’ 

1.25% 12.6 101 
(12.5 w&z) 12.7 102 

12 7 102 
10221” 

2.5% 25.2 
(25 mm 24.8 

25.2 

5% 50 4 
(50 w/g) 50 4 

50 6 

a- Bisphenol A measured by gas chromatography 
b- Estimated detectable level was 0.2-O 5 mg/g 
c- Mean + SD 

101 
99 
101 

1002 1’ 

101 
101 
101 

101 to’ 
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Moriality 

SIX of eight males in the 5% group died during week 2 One female m the 5% group died during week 1 
and tive others died durmg week 2 All other animals surwved untd scheduled termmatmn. 

Clinical Observations 

The study report states that there were no climcal signs of toxlclty noted in the control, 0.3 1,0.62 or 
1.25% groups. Clmical signs of toxicity were noted in males and females in the 2 5% group and 
mcluded dehydration, dyspnea, lethargy, tremors and ptosis. Clmical signs of toxicity were noted in 
males and females in the 5% group and included dehydration, dyspnea, lethargy, piloerectlon, diarrhea, 
ptosls and moribundity. 

Body Weight 

The mean body weights at the beginning and end of Task 1 are presented m Table 3 The percent weight 
gam for the sexes combined was slgmficantly reduced m the 1 25,2 5 and 5% groups compared to the 
control group. 

Table 3. 
Mean Body Weights Of Task 1 Animals (Mean + SE) 

Group Initial Body Weight (g) Final Body Weight(g) % Change 

Control - Male 32.1 2 0.6 33.3 rf: 0 4 4.1 2 1.3 
- Female 24.8 20.2 27.0 kO.3 93 il.0 
- Combined 28.4 ? 1.0 30 2 2 0.9 6.7 2 1.0 

0.3 1% - Male 31.9 +os 342 207 7.6 k 1.5 
- Female 25.0 + 0.6 27.6 kO.3 10.7 + 1.6 
- Combined 28 4 ri: 1.0 30 9 + 0.9 92 + 1.1 

0.62% - Male 32 3 + 0.6 32.9 2 0 9 1.7 +l 8 
- Female 24 8 + 0.4 27.6 + 0.6 11.3 i 1.3 
- Combined 28 6 i: 1.0 30.2 +0.8 6.5 + 1.6 

1 25% -Male 32.2 2 0 6 308 +08 -4.1 +2.9 
- Female 24.8 +0.4 25.7 LO.3 3.7 i 1.8 
- Combined 28.5 + 10 28.2 ~0.8 -0.2 2 1 9b 

2.5% -Male 
I I I 

32.0 ~0 5 28.5 + 1.4 I -11.3 +3.5 
- Female 25.0 iO.5 24.0 + 0 3 -3.8 g1.8 
- Combined 28.5 5 1.0 26.3 2 0 9 -76 k2 lb 

5% - Male 31.8 ~0.3 23.5 20.5” -25.9 22.6 
- Female 25.0 LO.4 17 8 i 1.5” -30.8 24 0 
- Combined 28 4 + 0.9 20.6 i: 1.7 -28.4 k 2 4b 

a- There were only 2 ammals alive at scheduled necropsy. 
b- p < 0.01 
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Food Consumption 

The mean food consumption during weeks 1 and 2 of Task 1 is presented in Table 4. Mean food 
consumption was comparable among treated and control groups. 

Table 4. 
Mean Food Consumption Per Mouse (g; Mean + SE) 

I Group I Week 1 I Week] 

Control - Male 5 7 + 0.2 5 1 20.1 
- Female 5.5 LO.3 5 4 2 0.7 
- Combined 5.6 kO.1 52 501 

0.3 1% - Male 
- Female 
- Combmed 

0 62% -Male 
- Female 
- Combmed 1 

4.8 & 0.0 4.8 +O 1 
5.4 205 5.6 20.4 
5.1 io.1 5 2 2 0.3 

5.7 LO.7 59 i.04 
6.1 kO4 6 1 kO.2 
5.9 20.3 6.0 20.2 

125% -Male 5.9 +0.6 
- Female 6 2 2 0.0 
- Combined 6.1 503 

2.5% -Male 5.7 +o.s 57iOl 
- Female 6 8 + 0.5 62 20.5 
- Combined 6.2 20 5 5.9 20.2 

5% - Male 5.7 +o 1 5.4” 
- Female 6.1 kO.3 5 0” 
- Combmed 59 20.1 5 2 5 0.2 

a- There were only 2 animals alive at scheduled necropsy 

TASK 2 

Analysis of Levels of Bisphcnol A in the Feed 

The levels of bisphenol A in the feed dung weeks 1 and 6, and weeks 12 and 18 are presented in Tables 
5 and 6, respectwely. During weeks 1 and 6, the actual levels of bisphenol A ranged from 96-97% and 
102-l 13% of the target levels, respectively During weeks 12 and 18, the actual levels of blsphenol A 
ranged from 93.100% and 98-104% of the target levels, respectively 
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Table 5. 
Levels of Bispbenol A in the Feed During Weeks 1 and 6 

Bisphenol A Blsphenol A Found Bisphenol A 
Sample Found (mgig) Per Label (“?) Found (mg/g) 

Identification Week 1 Week 1 Week 6 

Control < edlb __ < edlb 
< edlb __ < edlb 
< edlb __ < edlb 

0.25% 2.43 97 2.63 
(2.5 wk) 2.40 96 2.54 

2.39 96 2.63 
96il’ 

05% 5 00 100 4.93 99 
(5 w&s) 4.61 92 5.29 106 

5 01 100 5 10 102 
97 + 5’ 10224’ 

(IOlm%dg) 10.00 9 54 100 95 
9.23 96 

9624” 
a- Blsphenol A measured by gas chromatography 
b- Estimated detectable level was 0 2-0.5 mg/g 
c- Mean 2 SD 

11.2 114 
114 

112 
114 
114 

113&l” 

Bisphenol A Found 
Per Label (“A) 

Week 6 

__ 
__ 
__ 

105 
102 
105 

10422’ 
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Table 6. 
Levels of Bisphenol A in the Feed During Weeks 12 and 18 

Salllpk 
Identification 

Control 

0.25% 
(2.5 wk) 

0.5% 
(5 fwk) 

Bisphenol A Blsphenol A Found Bisphenol A Bisphenol A Found 
Found @g/g) Per Label (%) Found (mg/g) Per Label (%) 

Week 12 Week 12 Week 18 Week 18 

< edlb __ < edlb __ 
< cdl” __ < edlb __ 

2.32 93 2.57 103 
2.28 91 2 65 106 
2.34 94 2.60 104 

93 i 2” 104i2’ 

4.92 98 4.80 96 
4 83 91 5.04 101 
4.88 98 4.86 91 

98~ 1” 98+3’ 

10.2 102 9.9 99 
10.0 100 10.4 104 
98 98 10.1 101 

100+2c 
a- Bisphenol A measured by gas chromatography 
b- Estimated detectable level was 0.2-O 5 mg/g 
c- Mean i SD 

101+2c 

Two control males died during week 1 and one control female died during week 4 of the study. One 
female in the 0.25% group died during week 9 and one female in the 0.5% group died during week 4. 
The study authors did not state the cause of death. The fertility and reproductive performance data for 
the breeding pair of these animals were not included in the analysis. 

CIinical Observations 

The study report states that there were no chmcal signs of toxicity noted in the control or treated groups. 
No further details were provided 

Body Weight 

The mean male body weights for selected weeks of the study are presented in Table 7. Mean body 
weights were slightly reduced in the 1% group and by week 18 of the study the mean body weights were 
reduced by 8% compared to the control group. The mean female body weights for selected weeks of the 
study are presented in Table 8. Interpret&Ion of the data is difficult since some fluctuation in female 
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body weights reflects the pregnancies occurring throughout the study However, compared to the control 
group, the mean body weights in the 1% group were reduced by 23% during week 9 and 15% dung 
week 18. A more meaningful comparison can be obtained from the body weight data for the females 
immediately following delivery of their htters. These data are presented in Table 9. Followmg delivery 
of each of the five litters, the mean body weight of the females in the 1% group was significantly reduced 
compared to the control group, indlcatmg generahzed maternal toxicity. 

Table 7. 
Mean Male Body Weights for Selected Weeks of Task 2 (Mean i SE) 

Study Week 

1 

Control 
(N=3 8) 

34.3 * 0 3 

0.25% Group 
(N=ZO) 

34 6 + 0.4 

0.5% Group 
(N=20) 

34 3 & 0.4 

1% Group 
(N=20) 

33.3 + 0 6 

2 34.6 20.2 355 204 34s +04 340 *05 

5 36.0 20.3 3s 2 i: 0.3 36.1 20.4 339&05 

9 36 3 + 0.4 35 8 io.3 35.3 kO.5 34.3 0.5 * 

13 36 1 20.5 35.7 LO.2 35 4 5 0.6 

18 39 0 2 0.6 __a __a 
a- Males in the 0 25 and 0.5% groups were sacrificed after week 15. 

349 205 

358 204 

Table 8. 
Mean Female Body Weights for Selected Weeks of Task 2 (Mean + SE) 

Control 0.25% Group 0.5% Group 1% Group 
Study Week (N=40) (N=20)b (N=20)’ (N=20)’ 

1 271?03 27.2 F 0 3 27.0 F0.3 26.8 kO.3 

2 30.1 20.3 30 8 + 0.4 29 8 i 0.3 29 3 i 0.4 

5 359 *OS 349 +05 35.7 +O 6 33.7 & 0 8 
I 

9 491 il.3 48 7 2 1.7 441 21.7 37 7 & 1.0 

13 38.6 +0.6 39.7 + 1 5 400 220 39.7 + 1.6 

18 45.1 & 1.0 46.7 50.6 41.7 2 1.6 38.2 & 1.3 
a- One control female died dung week 4, n=39 for weeks 5-18 
b- One female in the 0 25% group died during week 9: n=19 for weeks IO-18 
c- One female in the 0.5% group died during week 4: n=19 for weeks S-18. 
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Table 9 
Mean Female Body Weights Following the Delivery of Each Litter (Mean + SE) 

Litter Number Control 
(N=37) 

0.25% Group 
(N=l9) 

J 
4 41.06i 0.50 41 09 5 0.7Ob 

5 41.26 + 0.63” 42.13 + 0 54b 
I I I 

a- N=3 5 
b- N=18 
c- N=13 
d- N=lS 
e- N=12 
f- Significantly different from control, p < 0.01 

0.5% Group 
(N=18) 

34.59 2 0 68 

37.00 + 0.62 

39.16iO.60 

40.55 + 0.74 

40.02 2 0.76’ 

1% Croup 
(iV=20) 

32 31 2 0.51’ 

35.67 4 0.52’ 

36.68 + 0.53’ 

3801+06Ed,’ - 

37 50 5 0.70e,r 

Food Consumption 

The mean food consumption for the males during the first week of the study was 4.7 5 0.1 g, 5.0 & 0.1 g, 
4 4 + 0.1 g and 4.3 + 0.2 g for the control, 0.25,0.5 and 1% groups, respectively. The mean food 
consumption for the females dung the first week of the study was 4.8 + 0.1 g, 4 5 & 0.2 g, 4 8 2 0.1 g 
and 4.75 0 1 g for the control, 0 25, 0.5 and 1% groups, respectively During week 18 of the study, the 
mean food consumption for the males was 5.3 2 0 1 g and 6.1 + 0.3 g for the control and 1% groups, 
respectwely, the mean food consumption for the females was 18.3 + 1.0 g, 20.4 2 0.4 g, 14.9 2 1.3 g and 
14.02 0.9 g for the control, 0 25,O.S and 1% groups, respectively During the breeding phase of the 
study, mean food consumption was calculated for each breedmg pair and then expressed on a per mouse 
basis These values are presented in Table 10. The study authors concluded that there were no treatment- 
related effects on food consumption. Our renewers concur. 

Table 10. 
Mean Food Consumption for Task 2 Animals (g/mouse; Mean f. SE) 

Study Week Control 0.25% Group 0.5% Group 1% Group 

I 2 1 6.OiO.2 1 5.3iO.l 1 5620.1 ( 57iO.l 1 

5 5 520.1 5 420.1 5.4 t 0.1 6.1 + 0.1 
1 

9 5.2io 1 5.2fO 1 5.5 + 0.1 5 9 2 0.2 

13 5.0+0.1 5.1 20 1 5.2+0 1 5.6202 
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Reproductive Performance 

The reproductive performance parameters for the Task 2 animals are presented in Table 11. The fertility 
Index was calculated for each breeding pair, and a breeding paw was considered fertile if It produced one 
or more litters. The index was comparable among treated and control groups, and was calculated as 100, 
100,95 and 100% for the control, 0.25,O 5 and 1% groups, respectively The mean number of litters 
produced per fertile pair was significantly reduced in the 0 5 and 1% groups; the reductions were dose- 
dependent. In addition, the mean number of live pups per litter (males, females and sexes combined) was 
significantly reduced in the 0 5 and 1% groups, the reductions were dose-dependent The proportion of 
pups born alive was significantly reduced in the 1% group. The sex ratio was comparable among control 
and treated groups. There was a significant increase in mean pup body weight for the males, females and 
sexes combmed in the 0.5% group and for the males and sexes combmed in the 1% group. However, 
when the pup body weights were adjusted for the total number of lwe and dead pups per litter the 
differences were not statistically significant Thus, the increased pup body weights m the 0.5 and 1% 
groups probably reflect the smaller litter size in these two groups. 

Table 11. 
Reproductive Performance of Task 2 Animals (Mean k SE) 

Parameter Control 0.25% Group 0.5% Group 1% Group 
N=37 N=19 N=lS N=20 

Litters pair per 4.97 + 0 05 4.89 + 0 11 472+0.11b 45OiO.15’ 

Lwe pups per htter 
- Males 6.03 t 0 19 5.43 + 0 26 4.74 + 0.20’ 3.24 + 0.24’ 
- Females 6 05 & 0.23 5.78 i: 0.17 4.93 + 0.25” 3.06 i 0.33” 
- Combined 12.07 & 0.36 11.20+032 967i041E 6 03 2 0.51’ 

Proportion of pups born ahve 099iooo 0 99 i 0.00 0.99 k 0 05 0 9s + 0.02’ 

Sex Ratlo 0 50 + 0.01 0.48 + 0.01 0.49 + 0.01 0.54 & 0.03 
(# Males/total pups) 

Live pup weight (g) 
- Males 
- Females 
- Combmed 

Adjusted lwe pup weight (g)” 
-Males 
- Females 

160&002 1 60 2 0.02 1.66 i. 0.02b 1.69 + 0.04b 
1.52 + 0.01 1.55 2 0 02 1.61 & 0.03” 1.62 2 0.05 
156&001 1.57 i 0 02 1.64 2 0.02E 1.65 i 0.04b 

1.65FO02 1.63 i 0 02 1.642002 1 58 & 0.03 
1 59 2 0.02 158iOO3 1592003 1 48 + 0.03 

- Combmed ( 1.62kO.02 11.60+0.02 ( 1.62+0.02 I1.53+003 
a- Mean live pup weight adjusted for total number of hve and dead pups per htter by analysis of 
covariance 
b- Significantly different from the control, ~~0.05 
c- Significantly different from the control, p<O 01 
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Scheduled Necropsy 

Smce significant effects on reproductive performance were observed, the ammals in the control and 1% 
groups were retained for a crossover mating to determme the affected sex (Task 3). The animals in the 
0.25 and 0.5% groups were sacrificed and discarded without necropsy. The pups from the first four 
htters were sacrificed and discarded without necropsy. The Fl pups from the fifth htter were retained for 
Task 4. 

TASK 3 

For Task 3, a cross-over mating was conducted in which half of the control females were mated with half 
the control males (group 1). The remaining control females were mated with the males in the 1% group 
(group 2), and the remaming control males were mated with the females m the 1% group (group 3). The 
ammals were cohablted during week 1 and then separated for weeks 2-4 during which the pups were 
delivered. Treatment was discontinued dung the co-habitatlonimatmg phase, but re-instituted during 
the separation /littering phase. 

Mortality 

One control female died during week 3 and one male m the 1% group died durmg week 4. The study 
report did not state the cause of death. These ammals were not included in the analysis of the 
reproductive performance data. 

Clinical Observations 

The study report states that there were no clmical signs of toxuty noted in the control or treated groups. 
No further details were provided. 

Body Weight 

The mean body weights during weeks 1-4 of Task 3 are presented m Table 12. The mean male body 
weights were comparable among groups The mean female body weight m the 1% group (group 3) was 
reduced compared to the controls in groups 1 and 2 However, direct comparison of the three groups is 
difficult due to fluctuations m body weight during pregnancy. A more meaningful comparison can be 
determined from the mean body weights immediately following delivery of the litters. The mean female 
body weight followmg delivery was 40.3 + 0.59 g for the control females (groups 1 and 2 combined) and 
38.51 + 0.48 g for the females in the 1% group; thus, the mean body weight in the 1% group was reduced 
by 4% of the control value. 
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Group Study Week Mean Male Mean Female 
Body Weight Body Weight 

Group 1 1 31.9 2 0 9 39.3 2 0 9 
Control Males and 2 377210 43.7+ 1.3 
Control Females 3 37.4 1 0 f 49.1 i 2 5 
(N=19 pairs) 4 37.8 2 0.9 37.9 0.8 k 

Group 2 1 36 020.4 38 12 0.7 
Control Females 2 35.0 0.4 f 41.6? 1.0 
and 1% Males 3 35.0+05 45.2 2 2 2” 
(N=20 pairs) 4 36 3 i 0.4b 36 6iO.7” 

Group 3 1 36.4 2 0 5 35.9 f. 0 5 
Control Males and 2 36 7 0.8 k 39.0 + 0.7 
1% Females 3 35.s+os 42222.1 
(N=19 pairs) 4 36.8207 35.5 0 6 F 

a-N=19 
b-N= 19 

Food Consumption 

Table 1.2. 
Mean Body Weights (g) for Task 3 Animals (Mean + SE) 

Food consumption was not recorded during the mating phase of Task 3. Mean food consumption for 
weeks 2-4 is presented in Table 13 The mean food consumption for the 1% male group (group 2) was 
increased by 19-42% during the study period compared to the control males (groups 1 and 3). The mean 
food consumption for the 1% female group (group 3) was Increased by 7-22% during the study period 
compared to the control females (groups 1 and 2) 
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Table 13. 
Mean Food Consumption (g) for Task 3 Animals (Mean + SE) 

Group Study Week Males Females 

Group 1 
Control Males and 
Control Females 
(N=l9 pairs) 

Group 2 
Control Females 
and 1% Males 
(N=20 pairs) 

2 
3 
4 

2 
3 
4 

4.9 * 0.1 6.8 t 0.2 
5 0 2 0.4 7.520.1 
sojo 1 6.0 & 0.2 

66+02 6.3 + 0 2 
62kO3 7 3 + 0.2” 
7.1 + 0.3b 6.1 + 0.2” 

2 
3 
4 

Group 3 5 2 2 0.2 7.6 2 0.3 
Control Males and 5.2 0.1 i 8.0 + 0 3 
1% Females 5.1+02 7.3 + 0 2 

I (N=l9 pairs) I 
a-N= 19 
b-N= 19 

Reproductive Performance 

T& matmg index was 89,95 and 95% and the fertlbty index was 84,89 and 84% in groups 1,2 and 3, 
respectively The reproductnx performance data are presented m Table 14. There was a significant 
reduction in the mean number of live pups per litter (males, females, and sexes combined) in group 3 
when compared to groups 1 and 2. There was also a significant reduction m the mean number of live 
pups per litter for sexes combined m group 2 when compared to group 1 The proportion of pups born 
alive and the sex ratio were comparable among groups Mean pup body weights for females and sexes 
combined was significantly mcreased m group 3 compared to group 1; mean male pup body weight was ” 
significantly Increased compared to groups 1 and 2. However, when pup body weight was adjusted for 
the number of live and dead pups per litter, mean pup body weights were comparable among groups. 
Therefore, the apparent increase in pup body weights observed m group 3 were due to the decreased litter 
size 
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Table 14. 
Reproductive Performance of Task 3 Animals (Mean + SE) 

Group 1 Group 2 Group 3 
Control Males and Control Females Control Males and 

Parameter Control Females and 1% Males 1% Females 
(N=16) (N=17) (N=16) 

Lwe pups per htter 
Males 6.13 + 0 57 4.41 2 0.58 2.69 + 0.47’ 

- Females 5.19+039 4 00 & 0.52 281?031’ 
- Combined 11.31 20.64 8 41 + 0.98’ 5 50&065’ 

Proportion of pups born alive 0.99 & 0.01 0.92 + 0 06 0.94 + 0.04 

Sex Ratio 0.53 0.04 & 0.53 + 0.05b 0 45 + 0.05 
(# Males/total pups) 

Live pup weight (g) 
- Males 
- Females 

1.66 2 0.05 1 71 2 0.04” 1.84 k 0.04”,’ 
1.58 + 0.03 1.67 + 0.05d 1.75 + 0.06’ 

- Combined 1.61 &003 171;004 181 :005x 

Adjusted live pup weight (g) 
- Males 1.77 2 0.03 1 72 5 0.03’ 1 71 + 0 03’ 
- Females 1.68 + 0.04 1 69 i 0 04d 1 63 2 0.05 
- Combined 1.73 + 0.03 1.722003 1.69 + 0.03 

Mean live pup weight adjusted for total number of hve and dead pups per litter by analysis of 
covariance 
b- One litter had no live pups 
c- One litter had no live male pups 
d- One htter had no hve female pups 
e- Significantly different from group 1 (p<O.Ol) and group 2 (p < 0.05) 
f- Significantly different from group 1, ~~0.05 
g- Significantly different from group 1, p<O.Ol 

Scheduled Necropsy 

Organ Welehts 

At the completion of Task 3, the animals were weighed and necropsied. The mean terminal body and 
organ weights are presented in Table 15. The mean body weight of the females in the 1% group was 
slgmficantly reduced compared to control females. There was a significant Increase in mean absolute 
hver weights for males and females in the 1% group compared to controls; the differences remained 
statistically sigmficant when liver weights were adjusted for body weight by analysis of covariance 
Combined absolute kidney/adrenal weights were significantly increased in the males in the 1% group 
compared to control, and adjusted kidney/adrenal weights were significantly increased for males and 
females m the 1% group compared to controls. Absolute and adjusted seminal vesicle weights were 
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significantly reduced in the males in the 1% group compared to controls. The weights of the other male 
reproductive organs were comparable among treated and control groups. 

Table 15. 
Terminal Body and Organ Weights of Task 3 Animals (Mean + SE) 

Parameter 
Control Control 1% Group 1% Group 

Males (N=38) Females (N=38) Males (iV=19) Females (N= 19) 

Body Weight (g) 1 36.552051 1 35.78+0.50 1 35.37+0.46 1 3419?0.50’ 1 

Lwer (g) - Absolute 2 00 + 0.04 2 17+0.05 2.49 i: 0.12b 2.62 + 0.09b 
- Adjustedd 1.97 + 0.05 2.13 + 0.04 2 55 & O.OSb 2 71+ 0.0s’ 

KldneysiAdrenals (g) 
- Absolute 
- Adjustedd 

0.80 ;t 0 02 0.64 2 0.01 0 92 + 0 02b 0.67 2 0.02 
0 80 2 0.01 0.63 2 0 01 0 93 5 0.02b 0.69FOOlb 

Left testis & epididymis 
(w) - Absolute 

- Adjustedd 

Right testis (mg) 
- Absolute 
- Adjustedd 

Right epldldynus (mg) 
- Absolute 
- Adjustedd 

Prostate (mg) -Absolute 

Adjustedd 

19455 _____ 18826 ____- 
193 k5 _____ 191+7 _____ 

133 23 _____ 129 &5 _____ 
131 23 ___-_ 131 24 _-__- 

53 il _____ 53 22 _____ 
52 21 _____ 53 +2 

55 +5 _____ 53 is _____ 
55 +5 53 17 _____ 

Seminal vesicles (mg) 
- Absolute 457 2 16 _____ 358 +21”,b 
- Adjustedd 453 + 15 _____ 366 ;21ab 

a- Seminal vesicles were not weighed for one animal 
b- Significantly different from control, ~~0.01 
c-Significantly different from control, ~~0.05 
d- Organ weights were adjusted for body weight by analysis of covariance 
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Histouathology 

The histologic lesions noted in the welghed organs of the males and females are presented m Tables 16 
and 17, respectively. No treatment-related lesions were noted in the reproductive organs or adrenal 
glands of the treated males and females In addltlon, evaluation of the cell types m the vaginal mucosa 
mdlcated that there were no effects on estrus cyclic@ of the treated females. Treatment-related lesions 
were noted in the lwer and kidneys of males and females in the 1% group. In general, the lesions in the 
hvers of the males were more severe than in the females, and lesions in the kidneys of the females were 
more severe than in the males. Lesions in the liver of the males mcluded centrilobular 
hepatocytomegaly,’ multlfocal necrosis,’ and multinucleated giant hepatocytes; lesions in the females 
Included multifocal necrosis and multinucleated giant hepatocytes. Lesions in the kidneys of the males 
included tubular cell nuclear variability6 and an Increase in the incidence of several spontaneous lesions 
including interstitial lymphoid accumulations and tubular regeneration These same lesions were also 
noted in the females in the 1% group, but these animals also had other renal lesions m&ding large 
microcalcuh m the cortical tubules, sometimes associated with attenuated tubular eplthelium, tubular 
regeneration and/or dilated tubules containing proteinaceous or plgmented casts, 

’ The EPL study report indicated that the incidence of spontaneous centrilobular 
hepatocytomegaly IS high in female mice of the exammed strain, and no treatment-related increases over 
background were evident. 

’ Multlfocal necrosis was accompanied by Increases m perismusoldal lining cells and Kupffer 
cell pigmentation 

6 The dlagnosls “tubular cell nuclear variability” sometimes included karyomegaly and often was 
accompanied by Increased tubular eosinophilia and/or amsocytosis 
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Table 16. 
Histopathology Findings for Task 3 Males 

Control Group Control Males from 1% Grolq 
Lesion @=19) Group 3 @‘=I 9) (N=19) 

Right testes - focal atrophy 0 1 1 

Left testes - focal atrophy 0” 0 1 

Right epididymis 
- focal chronic mflammation 1 0 1 
- focal cystic ducts 0 1 0 
- hypospermia 0 1 0 

Right Kidney 
- Malignant lymphoma, lymphocytic type 0 1 0 
- Tubular cell nuclear variability 0 0 10 
- Interstkd lymphoid accumulations 12 11 16 
- Tubular regeneration 9 I 15 
- Multifocal cortical tubular dilatation 5 1 3 
- Cortical tubular casts 2 1 4 
- Healed infarct 0 0 2 
- Pelvic dilatatmn 1 1 0 
- Pyelonephritls 0 0 1 

Left Kidney 
- Mahgnant lymphoma, lymphocytic type 0 1 0 
- Tubular cell nuclear varlabihty 0 0 9 
- Interstitial lymphoid accumulations 14 15 14 
- Tubular regeneration 7 12 15 
- Multifocal cortical tubular dilatation 4 1 3 
- Cortical tubular casts 1 2 5 
- Healed infarct 1 0 1 
- Pelvic dilatation 1 0 0 
- Pyelonephritis 0 0 1 
- Focal thrombosis 0 1 0 

Adrenal Gland 
Focal capsular cell hyperplasia 5 5” 4 
Acute adrenalitis, zona reticularis 1 2” 0 
Focal lymphold accumulations, medulla 0 1” 0 

Liver 
Malignant lymphoma, lymphocytic type 0 1 0 
Centrdobular hepatocytomegaly 0 2 16 
Multifocal necrosis 3 1 15 
Multmucleated giant hepatocytes 0 0 15 
Focal hepatocellular hyperplasla 0 0 1 
Multifocal microgranulomas 0 1 0 
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Table 17. 
Histopatbology Findings for Task 3 Females 

uterus 
- Focal glandular mmerahzation 
- Sbomal hemoslderosls 
- Amyloidosls 
- Perivascular lymphold accumulatmns 
- Focal perivascular fibrosis 

Vagina 
- Proestrus 
- Eshus 
- Metestrus-1 
- Metestrus-2 
_ D~esbus 
-Focal chronic vaginitis 
-Acute vagmitis 

ovary - cyst 

bght Kidney 
- Tubular cell nuclear vanabdlty 
- Cortical tubular microcalculi 
- Multifocal cortical tubular dilatatmn 
- Cortical tubular casts 
- Tubular regeneration 
- lnterstltml lympboid accumulations 
- Healed mfarct 
-Focal osseous metaplasia 

Glomerular amyloidosls 
Cysts 

Left Kidney 
Tubular cell nuclear vartabdlty 

- Cortical tubular m1croca1cuh 
- Multlfocal cortical tubular dilatatmn 

Cort~al tubular casts 
- Tubular regeneration 
- Interstitial lymphold accumulations 
-Focal osseous metaplasn 
- Glomerular amyloldosis 

idrenal Gland 
Focal capsular cell hyperplasia 

iver 
Multlfocal necros,s 
Multmucleated gmnt hepatocytes 
Multlfocal mlcrogranulomas 
Multifocal lymphold accumulatmns 

a-N= 18 

Control Group Control Females from I% Group 
(N=19) Group 3 (N=19) (N=19) 

0 0 I 
16 17 16 
1 2 4 
3 0 0 
0 1 I 

2 3 2 
5 4 IO 
3 1 1 
6 5 I 
3 6 5 
0 1 1 
1 0 I 

1” 4 2 

0 0 12 
0 0 4 
4 2 13 
4 1 10 
I1 8 17 
11 6 11 
1 0 1 
0 1 0 
2 3 2 
1 0 0 

0 0 12 
0 1 7 
6 4 16 
4 2 12 
12 8 18 
10 5 12 
0 1 0 
2 3 2 

8 8 

6 6 
0 0 
2 3 
2 0 

IO 

11 
4 
0 
0 

23 



Suerm Analyses 

Sperm analyses were conducted for the control and treated males m Task 3 and are presented m Table 18. 
There were no differences among treated and control males m sperm concentration or the % abnormal 
sperm. Males in the 1% group had a significant reduction in the % motile sperm compared to controls 

Table 18. 
Sperm Analysis for Task 3 Males (Mean + SE) 

Parameter Control (N=38) 

% Motde sperm 64.30 2 4.82b 

1% Group (N=19) 

39.00 i 7.04’ 

Sperm concentrations 258 27 2 28.99 1828Oi3361 

% Abnormal sperm 10.85 2 l.Olb 9.29 + 1.26 
a- Calculated as no. sperm X I O’/mg caudal (epididymal) tissue 
b- One male had no sperm, N=37 
c- Significantly different from the control group, p<O 01 

TASK 4 

The pups from the fifth litter (Fl generation) of Task 2 were retained for Task 4. Following weanmg, the 
pups were placed on the same diet as the FO dams 

There was increased mortal@ of the pups in the 1% group. One litter m the 1% group died prior to 
weaning. All male pups in one htter m the 1% group died between days 21-74 and all female pups m 
two litters m the 1% group died between days 21-74. The study authors noted that of the pups selected at 
weaning for the mating phase ofTask 4, 6.3% (8/126), 3.8% (4/105), 13.9% (1 l/79) and 37.5% (18/48) 
of the pups in the control, 0 25, 0 5 and 1% groups, respectively, died between bnth and the beginning of 
the mating phase at day 74 2 10. 

CIinical Observations 

The study report states that there were no clinical signs of toxicity noted m the control or treated groups. 
No further details were provided Our renewers find it troubling that nearly 40% of the 1% pups died, 
yet no clinical signs were recorded 

Body Weight 

The mean body weights ofthe Fl pups on postnatal days 0,21 and 74 are presented in Table 19. At 
birth, there was a significant increase in mean pup body weight in the 0 5 and 1% groups compared to 
controls. The study authors stated that this may have been due to the reduced litter size in these two 
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groups Mean body weights of surviving pups were comparable among treated and control groups at 
weaning on day 21 and at the commencement of the mating phase ofthe study at day 74 2 10. 

The mean body weights of the animals recorded during the mating phase and 21-day segregation phase of 
Task 4 are presented in Table 20. Mean body weights were comparable among treated and control 
groups 

Table 19. 
Mean Body Weights of Fl Pups Retained for Task 4 (g; Mean + SE) 

0 Days (Birth) 
- Females 
-Males 

2 1 Days a.b 
- Females 
-Males 

74ilODays” 
Females 

-Males I 

Control 

1.57 i 0.03 (36) 
164&004(35) 

9.98 + 0.53 (10) 
11.02+0.63 (10) 

27.22 + 0.65 (10) 
33.93 + 0.84 (10) i 

0.25% Group 

156?0.02(19) 
161 +0.03 (19) 

9.85 iO.61 (10) 
1040+069(10) 

27042048(10) 
33.75&071(10) 

a- Number of litters evaluated m parentheses 
b- At day 2 1, 8- 10 litters were weaned and reared 
c- One litter had no male pups 
d- One htter had no female pups 
e- Two litters had no female pups 
f- One litter died before day 21 and another had no male pups, so only 8 htters were retained 
g- All female pups in two litters died between day 21-74 
h- All male pups m one litter died between day 21-74 
I- Significantly different from the control group, p < 0 05 

i 

0 5% Group 

1.72 2 0.05 (15)d,1 
1.82&007(16) 

12.26 + 0 72 (10) 
12.90 + 0 87 (10) 

28.61 + 0.60 (10) 
34 13 + 1 14 (9)h 

1% Group 

1 70 2 0.05 (13F 
1.78?0.05(15) 

11.02 k 0.63 (8)’ 
10.97 & 1.07 (8)’ 

26 87 2 0.65 (6)g 
32.62 2 0.93 (7)h 

25 



Table 20. 
Mean Body Weights During Task 4 (g; Mean + SE) 

b- N=19 
c- N=lO 

Food Consumption 

The mean food consumptmn was not recorded during the mating phase of Task 4 The mean food 
consumption for weeks 2-4 is presented in Table 21. Mean food consumption was comparable among 
treated and control groups. 
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Table 21. 
Mean Food Consumption (g) for Task 4 Animals (Mean + SE) 

0.25% Group (N=20) 

a-N=19 

Reproductive Performance 

The mating index was 95, 100,100 and 91% and the fertility indexwas 95,100, 100 and 91% in the 
control, 0.25, 0.5 and 1% groups, respectively. The reproductwe performance data are presented in Table 
22. There were no dlfferences among treated and control groups in the number of liver pups per litter, 
proportion of pups born alive, sex ratio, mean body weight or adjusted mean body weight. 
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Table 22. 
Reproductive Performance of Task 4 Animals (Mean + SE) 

Parameter Control 0 25% Group 
(N=19) (N=19) 

Live pups per litter 
- Males 5.53 FO 59 5.31~0.41 
- Females 5.4720.52 5372042 
- Combined 11 00+0.61 10.74 + 0.63 

Proportion of pups born alive 0 95 k 0.05 0.95 2 0.03 

Sex Ratio 0.4s*o 05 0 50~0.03 
(# Males/total pups) 

Live pup weight (g) 
- Males 1.53 5 0.03b 1.51 kO.05 
- Females 1 42 + 0.05 1.47+004 
- Combined 1.46 k 0 05 1.49 + 0.04 

Adjusted bve pup weight (g) 
Males 1 53 + 0.03b 1.49 + 0.03 

- Females 1.42i.003 14sf.003 
- Combined 1 46 i 0.03 1.47?003 

- Mean live pup weight adjusted for total number of live and dead pu: 
COWIXIIVX 

b- One litter had no live male pups, N = 18 

Ps 

0 5% Group 1% Group 
(N=20) (N=lO) 

6.05 to.35 5.20 iO.74 
6.30~ 0.42 5.70&O 56 
12.35 20.35 10.90&O 67 

1.00 + 0.00 0.99?0 01 

0.49*0 03 0 46 + 0.05 

1.49?002 1 46 2 0.06 
1 45 + 0.02 1.40 + 0.04 
1.47&002 1.432005 

1.52 2 0.03 1.43 + 0.04 
1.48 + 0.03 1375005 
1 so + 0.03 1.40 2 0 04 
per litter by analyst of 

Scheduled Necropsy 

Organ Weights 

At the completion of Task 4, the animals were welghed and necropsied. The mean terminal body and 
organ weights for males and females are presented m Tables 23 and 24, respectively. Mean male and 
female termmal body weights were comparable among treated and control groups. In males, there was a 
significant mcrease in absolute liver weight in the 1% group compared to control; when adjusted for body 
weight by analysis of covariance, liver weights were sigmficantly Increased m the 0 25, 0.5 and 1% 
groups compared to control. Absolute and adjusted kidney weights were sigmficantly increased in all 
male treated groups compared to control. Absolute and adjusted weights of the left testis with attached 
epididymls were sigmficantly decreased m the 0.5 and 1% groups. Absolute and adjusted weights ofthe 
right testis were significantly reduced m the 0 5% group, and absolute and adjusted weights of the right 
epididymis were significantly reduced in all treated groups compared to control. Absolute and adjusted 
seminal vesicle weights were reduced in all treated groups; the differences were statistically significant 
for absolute and adjusted weights in the 1% group, and adjusted seminal vesicle weights m the 0.25% 
group. Absolute prostate weights were comparable among treated and control groups In females, there 
was a slgmficant mu-ease in adjusted hver and kidney/adrenal weights in all treated groups compared to 
control. 
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Table 23. 
Terminal Body and Organ Weights of Male Task 4 Animals (Mean + SE) 

Liver(g) - Absolute 

Seminal vesicles (mg) I I I I 
- Absolute .~ - Adjusted” 

) ?f! ‘15 
I343 + 13 

1304 ill, 
1 305 + 13a 

1 314 + 16. +9’ 
I311 2130 

1 248 
( 247 + 17” 

a- Organ weights were adjusted for body weight by analysis of covariance 
b- Body weight for one male was not recorded 
c- Significantly different from control, p<O 01 
d- Slgmticantly different from control, ~~0.05 
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Table 24. 
Terminal Body and Organ Weights of Female Task 4 Animals (Mean + SE) 

Parameter 
Control 
(N=20) 

0 25% Group 0.5% Group 
(N=l9) (N=20) 

1% Group 
(N=ll) 

Body Weight (g) 29.77 + 0.59 29 28 2 0.36 30.72 + 0 53 29.47 & 0 43 

Liver(g) - Absolute 1.87 iO.06 195 + 0.05 2.18 + 0.06’ 2.22 + 0.05’ 
- Adjusted” 1.88 A0 04 1.99 + 0.04b 2.12 i 0.04” 2.25 2 0.05” 

Kidneys/Adrenals (g) 
- Absolute 0.48 t 0.01 0.53 + 0 01’ 0.56 + 0.02’ 0.54 + 0.01” 

0.48 2 0.01 0.54 + 0 01’ 0.55 + 0.01” 0.54 + 0.02” 
Adjusted” 

a- Organ weights were adjusted for body weight by analysis of covarlance 
b- Sigmficantly different from control, ~~0.05 
c- Significantly different from control, ~~0.01 

The histologic lesions noted m the weighed organs of the males and females are presented in Tables 25 
and 26, respectively. No treatment-related lesions were noted in the reproductive organs or adrenal 
glands of the treated males and females. In addition, evaluation of the cell types in the vaginal mucosa 
Indicated that there were no effects on estrus cyclicity of the treated females. Dose-related, treatment- 
related lesions were noted in the kidneys of males and females in all treated groups and included 
interstitial lymphoid accumulations, tubular regeneration, multifocal cortical tubular dilation, cortical 
tubular casts, microcalculi and minerahzatlon of renal cells. The renal lesions were more severe in the 
females than in the males. Dose-related liver lesions were noted m males at all doses and included 
centrilobular hepatocytomegaly, multifocal necrosis and multinucleated giant hepatocytes. An increased 
incidence of multlfocal necrosis and multinucleated giant hepatocytes was noted in the females in the 0.5 
and 1% groups. The hepatic lesions were more severe m the males than in the females. 
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Table 25. 
Histopathology Findings for Task 4 Males 

Lesion 

Right testes focal atrophy 

Right epididymis 
- focal chronic Inflammation 

3emmal vesicles 
Focal capsular lymphoid accumulation 

Qht kidney 
- Tubular cell nuclear variablhty 
- Interstmal lymphoid accumulations 
- Tubular regeneration 

Multifocal cortical tubular ddatation 
- Cortical tubular casts 
- Healed infarct 
- Cortical tubular microcalculi 

Papillary mineralization 
- Pelvic dilatation 

Multifocal interstitial minerahzatlon 

xft Kidney 
- Tubular cell nuclear variability 
- Interstitml lymphold accumulations 
- Tubular regeneration 
- Multifocal cortical tubular dilatation 

Cortical tubular casts 
- Healed infarct 
- Cortical tubular microcalculi 

Papillary mineralization 
- Pelvic dilatation 
-Total kidney mfarcation 
-MultIfocal interstitial mineralization 

adrenal Gland 
Focal capsular cell hyperplasia 
Acute adrenalitis, zona retlcularis 

.iver 
Centrllobular hepatocytomegaly 
Multifocal necrosis 
Multinucleated giant hepatocytes 
N= 19 

Control 
(N=20) 

0 

1 

0 

0 
3 
2 
2 
1 
0 
0 
0 
1 
0 

0 
3 
2 
1 
0 
0 
0 
0 
0 
0 
0 

1” 
0’ 

0 
0 
0 

I 3.25% Group 0 5% Group 
(N=20) (iv=20) 

0 

0 

0 

0 
2 
4 
1 
1 
0 
0 
0 
0 
0 

0 
2 
4 
4 
4 
0 
0 
0 
0 
0 
0 

2 
0 

14 
14 
13 

1 

0 

0 

0 2 
6 9 
6 10 
2 5 
0 3 
0 1 
0 3 
0 1 
3 2 
0 3 

0 2 
6 8 
9 8 
5 6 
3 6 
0 3 
0 3 
0 2 
2 0 
0 1 
0 3 

5 
0 

18 
19 
19 

1% Group 
(iv=1 1) 

0 

0 

1 

2 
1 

10 
11 
10 

31 



Table 26. 
Histopathology Findings for Task 4 Females 

Lesion 

uterus 
- Focal stromal minerahzatlon 
- Focal multinucleated gmnt cells 
- Stromal hemosiderosls 

Vagina 
- Proestrus 
- Estrus 
- Mete&us- 1 
- Mete&us-2 
- Diestrus 
- Acute vagmltis 

Ovary - cyst 

Right Kidney 
- Tubular cell nuclear variability 
- Cortical tubular nucrocalculi 

Multifocal cortical tubular dilatation 
- Cortlcal tubular casts 

Tubular regeneration 
- Interstitial lymphoid accumulations 
- MultIfocal interstitial mineralization 

Left Kidney 
- Tubular cell nuclear variability 
- Cortlcal tubular microcalculi 
- Multifocal cortlcal tubular dilatation 
- Cortical tubular casts 
- Tubular regeneration 
- Interstitial lymphold accumulations 

- Multifocal interstitial minerahzatlon 
- cysts 

Adrenal Gland 
- Focal capsular cell hyperplasia 

Lwer 
- MultIfocal necrosis 
- Multinucleated giant hepatocytes 
- Multifocal nucrogranulomas 
- Multifocal mmeralization 

a-N= 19 

Control 0.25% Group 0.5% Groq 
(N=20) (N=19) (N=20) 

0 0 1 
0 0 0 
8 11 9 

4” 4 3” 
8” 3 7” 
0” 0 0” 
3” 8 3” 
4” 4 6” 
0” 1 0” 

1 

4 
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0 
0 
1 
0 
7 
4 
0 

0 
0 
3 
2 
10 
4 
0 
0 

1 

5 
0 
3 
0 

, 

I 

1% Group 
(N=ll) 

1 
1 
4 

0 0 

0 7 
0 9 
3 6 
3 3 
6 9 
4 4 
0 1 

0 7 
0 9 
2 6 
1 4 
8 10 
4 5 
0 1 
1 0 

3 

11 
4 
0 
3 
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Sperm analyses were conducted for the control and treated males in Task 4 and are presented m Table 27. 
There were no differences among treated and control males in sperm concentration or the % abnormal 
sperm. Males in the 0.5% group had a significant reduction in the % motile sperm compared to controls, 
but the % motile sperm in the 0 25 and 1% groups were comparable to control. 

Table 27. 
Sperm Analysis for Task 4 Males (Mean + SE) 

Control 0.25% Group 0 5% Group 1% Group 
Parameter (N=19) (N=20) (N=20) (N=ll) 

% Motile sperm 75 32 i 0.58 63 85 6.44 2 51.75 * 5.81b 69 55 k 8 76 

Sperm concentration” 65 1 03 + 57.79 691 87k51.95 583.04 2 61.56 535.15 48 255 

% Abnormal sperm 7 89~ 1.21 9.35 1.73 & 6.84 + 1.02 7.47 t 0.74 
a- Calculated as No. Sperm X 103/mg caudal (epididymal) tissue 
b- Significantly different from the control group, p<O.Ol 

ASSESSMENT 

Our reviewers considered this to be a well-designed and well-executed study. Although this study was 
primarily designed to examine the effects on the reproductwe system, our reviewers noted that a NOAEL 
could not be determined for the FO animals since organ weights and hlstopathology were not examined in 
the low- and mid-dose groups 

CONCLUSIONS 

In the range-finding study (Task l), CD- 1 mice were admmistered dietary levels of 0,O 3 1, 0.62, 1.25, 
2.5 and 5% bisphenol A for two weeks. The actual levels of bisphenol A ranged from 93-102% of the 
target levels. SIX of eight males and 6/8 females in the 5% group died. Clinical signs of toxuty were 
noted in the 2.5 and 5% groups, and the percent weight gam for the sexes combined was significantly 
reduced m the 1.25,2.5 and 5% groups compared to the control group Based on these results, the study 
authors concluded that dose levels of 0, 0 25, 0 5 and 1% bisphenol A would be appropriate for the 
continuous breedmg phase of the study (Task 2). Our reviewers concur. 

During Task 2, the feed was analyzed at various weeks for the level of bisphenol A. Durmg weeks 1 and 
6, the actual levels of blsphenol A ranged from 96-97% and 102-I 13% of the target levels, respectively 
During weeks 12 and 18, the actual levels of bisphenol A ranged from 93-100% and 98-104% of the 
target levels, respectively Two control males died during week 1 and one control female dved during 
week 4 of the study. One female in the 0 25% group died during week 9 and one female m the 0.5% 
group died dung week 4. Admmistration of bisphenol A for the 18-week period resulted in a slight 
reduction (8%) in the mean body weights of the males m the 1% group Mean body weight data for the 
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females during the l&week period are difficult to interpret due to fluctuations during pregnancy A more 
meaningful comparison can be obtamed from the body weight data for the females immediately 
following delivery of their htters. Followmg dehvery of each of the five litters, the mean body weight of 
the females in the 1% group was sigmficantly reduced compared to the control group, indicatwe of 
generalized maternal toxicity. Mean food consumption was comparable among treated and control 
g*OUpS. 

In Task 2, there were no effects on the fertdity of the breeding pairs. The mean number of litters 
produced per fertile pair and the mean number of live pups per litter (males, females and sexes combmed) 
were significantly reduced in the 0.5 and 1% groups, and the proportion of pups born alive was 
significantly reduced in the 1% group. The sex ratio was comparable among control and treated groups. 
There was a significant increase m mean pup body weight for the males, females and sexes combined in 
the 0.5% group and for the males and sexes combined in the 1% group. However, when the pup body 
weights were adjusted for the total number of live and dead pups per htter the dlfferences were not 
statistically significant. Thus, the increased pup body weights in the 0.5 and 1% groups probably reflect 
the smaller litter size in these two groups 

Gwen the observed effects on reproductwe performance, the control and high-dose animals were retained 
for Task 3. A cross-over mating was conducted in which half of the control females were mated wth 
half the control males (group 1). The remaming control females were mated with the males in the 1% 
group (group 2), and the remainmg control males were mated with the females in the 1% group (group 
3). One control female died during week 3 and one male m the 1% group died during week 4. During 
the 4-week study period, administration of blsphenol A had no effect on mean body weights in the males 
or females. Compared to controls, the mean food consumption was increased by 19-42% and 7-22% for 
the males and females in the 1% group, respectwely. 

In Task 3, there were no effects on the fertility of the breeding pairs There was a significant reduction m 
the mean number of hve pups per htter (males, females, and sexes combined) in group 3 when compared 
to groups 1 and 2. There was also a sigmficant reduction in the mean number of live pups per htter for 
sexes combined in group 2 when compared to group 1. The proportion of pups born alive and the sex 
ratlo were comparable among groups. Mean pup body weights for females and sexes combined was 
slgnificantly increased in group 3 compared to group 1, mean male pup body weight was significantly 
Increased compared to groups 1 and 2 However, when pup body weight was adjusted for the number of 
live and dead pups per litter, mean pup body weights were comparable among groups The study authors 
concluded that the apparent Increase in pup body weights observed in group 3 were due to the decreased 
litter size. Our reviewers agree. 

At the end of Task 3, the ammals were necropsied. The mean body weight of the females m the 1% 
group was slgnificantly reduced compared to control females. Organ weights were adjusted for body 
weight by analysis of covariance. There was a significant increase in mean adjusted liver and 
kidney/adrenal weights for males and females in the 1% group. Adjusted seminal vesicle weights were 
significantly reduced in the males in the 1% group, but the weights of the other male reproductive organs 
were comparable among treated and control groups. Treated males had significant reductions m sperm 
motility, but sperm numbers and morphology were unaffected. Histologic examination revealed no 
lessons in the male or female reproductive organs Hepatic and renal lesions were noted in both sexes in 
the 1% group. Hepatic lesions in the males included centrdobular hepatocytomegaly, multifocal necrosis 
and multinucleated giant hepatocytes; lesions m the females included multifocal necrosis and 
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multinucleated giant hepatocytes. Renal lesions in the males mcluded tubular cell nuclear variabihty and 
an mcrease in the incidence of several spontaneous lesions mcluding mterstitial lymphoid accumulations 
and tubular regeneration These same lessons were also noted m the females, but these animals also had 
other renal lesions including large microcalculi in the cortical tubules, sometimes assocrated with effaced 
tubular epithelmm, tubular regeneration and/or dilated tubules containing protemaceous or shghtly 
prgmented tubular casts. 

For Task 4, selected Fl pups from the last litter of Task 2 were mated on day 74 & 10. There was 
excessive mortal@ m the 1% group; 6.3% (g/126), 3 8% (4/105), 13.9% (1 l/79) and 37.5% (18148) of 
the pups in the control, 0.25,0.5 and 1% groups, respecttvely, died between birth and the begmning of 
the mating phase at day 74 + 10 At birth, there was a stgmticant increase in mean pup body weight m 
the 0 5 and 1% groups compared to controls. The study authors stated that this may have been due to the 
reduced litter stze in these two groups. Mean body weights were comparable among treated and control 
groups for the duration of the study. Mean food consumptron was comparable among treated and control 
groups. 

Admmistration of bisphenol A to the Fl animals did not affect fertility and there were no effects on the 
number of liver pups per Inter, proportion of pups born alive, sex ratio, mean body weight or adjusted 
mean body weight. 

At the end of Task 4, the ammals were necropsied. Organ weights were adjusted for body weight by 
analysis of covariance. In males, adjusted weights of the liver and kidney were sigmticantly increased in 
the 0 25, 0.5, and 1% groups. The adjusted weight of the left testes wrth attached epididymis was 
srgnificantly decreased in the 0 5 and 1% groups. The adjusted werght of the right eprdrdymus was 
srgnificantly decreased in the 0.5 and 1 .O% groups and the adjusted weight of the right testis was 
significantly decreased in the 0.5% group Adjusted seminal vesicle weights were reduced in all treated 
groups; the differences were stattstically sigmficant for the 0.25 and 1% groups. In females, there was a 
srgniticant increase in adjusted liver and kidney/adrenal weights in all treated groups. Sperm analyses 
showed decreased sperm motility in 0 5% males, but no clear dose-related responses on sperm motrlity, 
concentration or morphology Histologic examination revealed no treatment-related lesions m the 
reproductive organs or adrenal glands of the treated males and females. In addttion, evaluation of the cell 
types in the vaginal mucosa indmated that there were no effects on es&us cyclicity of the treated females 
Dose-related lessons were noted in the kidneys of males and females m all treated groups and included 
mterstitial lymphoid accumulations, tubular regeneratron, multifocal corttcal tubular dilation, cortical 
tubular casts, microcalculi and mineralizatton of renal cells. The renal lesions were more severe m the 
females than in the males. Dose-related hver lesions were noted in males at all doses and included 
centrrlobular hepatocytomegaly, multifocal necrosis and multinucleated giant hepatocytes. An increased 
incidence of multifocal necrosis and multinucleated giant hepatocytes was noted in the females in the 0 5 
and 1% groups, The hepatrc lesions were more severe in the males than in the females 

EXECUTIVE SUMMARY 

Thts study was conducted according to the NTP’s protocol “Ferttlity Assessment by Continuous 
Breeding” This study destgn can include up to four studies which are called tasks. In this particular 
study, Tasks l-4 were conducted. Task 1 is a 14-day repeat dose range-finding study Task 2 is the 
contmuous breeding phase to ascertam effects on reproduction in the FO annnals Task 3 IS a cross-over 
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matmg of the control and high-dose ammals to determme the affected sex Task 4 is designed to assess 
the reproductive performance of the Fl animals obtamed from the final matmg during Task 2. 

For Task 1, groups of 8 male and 8 female CD-l mice were admmlstered dietary levels of 0, 0.3 1, 0.62, 
1 25,2.5 and 5% bisphenol A for two weeks. Body weights and food consumption were recorded 
weekly. At study termination, the animals were sacrificed and discarded The actual levels of bisphenol 
A ranged from 93-102% of the target levels. Six of eight males and 6/8 females in the 5% group died. 
Clinical signs of toxicity were noted m the 2.5 and 5% groups, and the percent weight gain for the sexes 
combined was significantly reduced m the 1.25,2.5 and 5% groups compared to the control group. 

For Task 2, CD-l mice were administered dietary levels of 0, 0.25, 0 5 or 1% bisphenol. The control 
group contained 40 males and 40 females, and each treatment group contained 20 males and 20 females. 
The animals were treated for 7 days prior to matmg, throughout the 98-day breeding phase and for 3 
weeks after breeding. For breeding, one male and one female from the same treatment group were 
cohablted for 98 consecutive days The females were allowed to deliver their litters. The pups were 
sacrificed within 16 hours of birth so that the breeding pairs could mate again at postpartum estrus. The 
litters from the final mating were retained for Task 4. The number and proportion of fertile pairs and the 
number of litters produced per breeding pair was recorded For each litter, the live offspring were sexed, 
counted, pooled and weighed by sex. The dead pups were counted, but their sex and weights were not 
recorded At the end of the 18-week study period, the animals in the control and 1% groups were 
retained for Task 3. The animals m the 0.25 and 0.5% groups were sacrificed and discarded 

During weeks 1 and 6, the actual levels of bisphenol A ranged from 96-97% and 102-l 13% of the target 
levels, respectively During weeks 12 and 18, the actual levels of bisphenol A ranged from 93-100% and 
98-104% of the target levels, respectively. Two control males died during week 1 and one control female 
died during week 4 of the study. One female in the 0.25% group died during week 9 and one female in 
the 0 5% group died during week 4. Administration of bisphenol A for the 18-week period resulted in a 
shght reduction (8%) in the mean body weights of the males in the 1% group. Mean body weight data 
for the females dung the 18-week period are difficult to interpret due to fluctuations during pregnancy. 
A more meaningful comparison can be obtained from the body weight data for the females immediately 
following dellvery of their litters Following delivery of each of the five litters, the mean body weight of 
the females m the 1% group was sigmficantly reduced compared to the control group, indicative of 
generahzed maternal toxicity. Mean food consumption was comparable among treated and control 
groups 

In Task 2, there were no effects on the fertility of the breedmg pairs. The mean number of litters 
produced per ferttle pair and the mean number of live pups per litter (males, females and sexes combined) 
were slgmficantly reduced in the 0.5 and 1% groups, and the proportion of pups born alive was 
significantly reduced in the 1% group. The sex ratlo was comparable among control and treated groups. 
There was a significant increase in mean pup body weight for the males, females and sexes combined in 
the 0.5% group and for the males and sexes combined in the 1% group However, when the pup body 
weights were adjusted for the total number of live and dead pups per litter the differences were not 
statistically sigmficant. Thus, the Increased pup body weights in the 0 5 and 1% groups probably reflect 
the smaller htter size in these two groups 

In Task 3, a cross-over matmg was conducted in which half of the control females were mated with half 
the control males (group 1). The remaining control females were mated with the males in the 1% group 
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(group 2), and the remaining control males were mated with the females in the 1% group (group 3). The 
animals were cohablted for one week immediately after the completion of Task 2 and then separated for 
the 2l-day segregation phase The dams were allowed to deliver their pups For each htter, the live 
offsprmg were sexed, counted, pooled and weighed by sex The dead pups were counted, but their sex 
and weights were not recorded. At the end of task 3, the FO animals were sacrificed and necropsied. 
Selected organ weights were recorded and the tissues were examined histologically In addltmn, sperm 
analyses (count, motility and morphology) were conducted. The Fl pups were sacrificed and discarded. 

One control female died during week 3 and one male in the 1% group died during week 4. During the 4- 
week study period, administration of bisphenol A had no effect on mean body weights in the males or 
females. Compared to controls, the mean food consumption was increased by 19-42% and 7-22% for the 
males and females in the 1% group, respectively. 

In Task 3, there were no effects on the fertility of the breeding pairs. There was a slgntficant reduction in 
the mean number of live pups per htter (males, females, and sexes combined) in group 3 when compared 
to groups 1 and 2. There was also a significant reduction in the mean number of live pups per htter for 
sexes combmed in group 2 when compared to group 1. The proportton of pups born alive and the sex 
ratio were comparable among groups. Mean pup body weights for females and sexes combined was 
significantly increased in group 3 compared to group 1; mean male pup body weight was significantly 
increased compared to groups 1 and 2. However, when pup body weight was adJusted for the number of 
live and dead pups per litter, mean pup body weights were comparable among groups. The study authors 
concluded that the apparent increase in pup body weights observed in group 3 were due to the decreased 
litter swe. Our rewewers agree 

At scheduled necropsy, the mean body weight of the females in the 1% group was significantly reduced 
compared to control females. Organ weights were adjusted for body weight by analysis of covarmnce 
There was a significant mcrease in mean adjusted liver and kidney/adrenal weights for males and females 
in the 1% group. Adjusted seminal vesicle weights were slgmficantly reduced in the males m the 1% 
group, but the weights of the other male reproductive organs were comparable among treated and control 
groups. Treated males had significant reductions in sperm motility, but sperm numbers and morphology 
were unaffected. Histologic examination revealed no lesions in the male or female reproductive organs. 
Hepatlc and renal lesions were noted in both sexes m the 1% group. Hepatic lesions in the males 
mcluded centrilobular hepatocytomegaly, multifocal necrosis and multmucleated giant hepatocytes; 
lesions in the females included multifocal necrosis and multinucleated giant hepatocytes. Renal lesions 
in the males included tubular cell nuclear variability and an increase m the Incidence of several 
spontaneous lesions Including interstitial lymphoid accumulatmns and tubular regeneration These same 
lesions were also noted in the females, but these ammals also had other renal lesions includmg large 
microcalcuh in the cortical tubules, sometimes associated with effaced tubular epithelium, tubular 
regeneration and/or dilated tubules containing proteinaceous or sltghtly pigmented tubular casts 

For Task 4, the Fl pups from the last htter produced in Task 2 were retained For the control and treated 
groups in Task 4,20 male pups and 20 female pups were randomly selected to include 2 pups per sex 
from each of 10 randomly selected litters if powble The Fl ammals were placed on the appropriate diet 
at weaning and treatment was continued for the duration of the study. When the Fl animals were 74 2 10 
days of age, each female was mated to a male in the same treatment group fro a period of 7 days. The 
animals were then separated for the 2l-day segregatmn phase The dams were allowed to deliver their 
pups. For each litter, the live offsprmg were sexed, counted, pooled and weighed by sex. The dead pups 
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were counted, but their sex and weights were not recorded. At the end of Task 4, the Fl animals were 
sacrificed and necropsied. Selected organ weights were recorded and the tissues were examined 
histologically. In addition, sperm analyses (count, motihty and morphology) were conducted. The F2 
pups were sacrificed and discarded 

There was excessive mortality m the 1% group; 6.3% (81126), 3.8% (41105), 13.9% (1 l/79) and 37 5% 
(18148) of the pups in the control, 0.25, OS and 1% groups, respectwely, died between birth and the 
begmning of the mating phase at day 74 + 10 At birth, there was a significant mcrease in mean pup 
body weight in the 0.5 and 1% groups compared to controls. The study authors stated that this may have 
been due to the reduced litter we in these two groups. Mean body weights were comparable among 
treated and control groups for the duration of the study. Mean food consumption was comparable among 
treated and control groups. 

Admmistration of bisphenol A to the Fl animals did not affect fertility and there were no effects on the 
number of liver pups per litter, proportIon of pups born alive, sex ratio, mean body weight or adjusted 
mean body weight. 

At scheduled necropsy, mean body weights were comparable among groups. Organ weights were 
adjusted for body weight by analysis of covariance In males, adjusted weights of the liver and kidney 
were significantly increased in the 0.25, 0.5, and 1% groups The adjusted weight ofthe left testis wth 
attached epldldymis was sigmficantly decreased in the 0.5 and 1% groups. The adjusted weight of the 
right epldidymus was significantly decreased in the 0 5 and 1 .O% groups and the adjusted weight of the 
right testis was sigmficantly decreased in the 0.5% group. Adjusted seminal vesicle weights were 
reduced in all treated groups; the differences were statistically significant for the 0.25 and 1% groups. In 
females, there was a significant increase in adjusted lwer and kidney/adrenal weights in all treated 
groups. Sperm analyses showed decreased sperm mot&y in 0.5% males, but no clear dose-related 
responses on sperm motdity, concentration or morphology. Hlstologx exammatlon revealed no 
treatment-related lesions in the reproductive organs or adrenal glands of the treated males and females 
In addition, evaluation of the cell types in the vagmal mucosa Indicated that there were no effects on 
estrus cyclicity of the treated females Dose-related lesions were noted in the kidneys of males and 
females m all treated groups and included interstitial lymphoid accumulations, tubular regeneration, 
multifocal cortical tubular dllatlon, cortical tubular casts, mlcrocalculi and mineralization of renal cells. 
The renal lesions were more severe in the females than in the males. Dose-related hver lesions were 
noted in males at all doses and included centrilobular hepatocytomegaly, multifocal necrosis and 
multmucleated gmnt hepatocytes. An Increased mcldence of multIfocal necrosis and multinucleated giant 
hepatocytes was noted in the females m the 0 5 and 1% groups. The hepatlc lesions were more severe m 
the males than in the females. 

For the FO generation, the LOAEL for reproductive toxicity was 0 5% based on a reduction in the mean 
number of live pup per litter, and the NOAEL was 0.25%. For the Fl generation, the LOAEL for 
reproductive toxicity was 0.25% based on sigmficant changes m reproductive organ weights in males at 
all dose levels, and a NOAEL was not determmed. For the FO generation, the LOAELiNOAEL for 
systemic toxic@ could not be determined since only the high-dose ammals were necropsied. For the Fl 
generation, the LOAEL for systemic toxicity in was 0.25% based on renal toxicity, and a NOAEL was 
not determmed. 
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Appendix A: Data Validation 

Bisphenol A (BPA): Reproduction and Fertility Assessment in CD-I Mice 
When Administered in the Feed 
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I. Animals Followed Throughout the Study 

Twenty percent of all ammals were selected for rewew usmg the random number generator m Mxrosoft 
EXCEL Data for all ammals selected for rewew were checked m all tables contammg mdwzdual ammal 
data. No abnormahtxs were noted m exammmg the indwdual ammal data. 

Males: Females: 

II. Critical Effects and Spot Checks 

A comparison of the study protocol to the materials and methods was performed. Standard error was 
calculated because the data were mcluded in the study report. Information included m the ObJeCtiVe, 
abstract, protocol, and tables were exammed 

Group mean values were venfied through calculation usmg indwdual ammal data m the following tables: 

. 

Table 4: Reproductwe Performance of Fertde Pam Dung Continuous Breedmg (hve pups per 
htter, he pup weight for control and 1% groups); 
Table 5. Postpartum F, Dam Weights Followmg the Delwery of Each Litter (Litter 1,3,5 for 
control and 1% groups); 
Table 6: Matmg and Ferhhty of Pans After a Mating Tnal to Determme the Affected Sex 
(Number wth copulatory plug/Number cohabIted for all groups); 
Table 9: Male Body Weight and Organ Weights at Necropsy. Combmed Control Males vs. 1.0% 
BPA Males body weight, right testis weight, and prostate weight); 
Table 11: Female Body Weight and Organ Weights at Necropsy: Combmed Control Females vs. 
1 0% BPA Females (body weight, lever weight, and kldneyiadrenal weight); 
Table 13. Sperm Analysis: Combmed Control Males vs. 1 0% BPA Males (1% group); 
Table i5. Mating and Fertlhty of Pairs of Fmal Task 2 Offspnng: Effect of Contmuous 
Exposure to BPA (Number wth copulatory plugNumber cohabIted for all groups); 
Table 17: Postpartum F, Dam Weights Followmg the Dellvery of a Single Litter (control and 1% 
groups); 
Table 18. Male Body Weight and Organ Weights of Fmal Task 2 Offspring at Necropsy (body 
weight, right testls weight, and prostate weight for control and 1% groups); 
Table 20. Female Body Weight and Organ Weights of Final Task 2 Offspnng at Necropsy (body 
weight, lwer weight, and kldneyiadrenal weight for control and 1% groups); and 
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. Table 22. Sperm Analysis for Fmal Task 2 Male Offspnng: Effect of Contmuous Exposure to 
Blsphenol A (control and 1% goups). 

The followmg devlatlons were noted: 

. In Table 4, the calculatmn for mean hve female pup weight per htter at 1.0% BPA was gven as 
1.62 + 0.05. Our calculations resulted m a mean hve we&t of 1.61 + 0.05. Thx difference may 
be due to rounding error. 

. Several differences were noted m the data reported m Table 6 compared with the mdlvldual data 
given in Table A8 The differences are noted m the table below. 

Group No. with copulatory plugsiNo. cohabIted 

Data from Table 6 Individual data from Table A8 

control x control 17119 14/19 

1 .O% BPA male x control female 18/19 19120 

control male x 1.0% BPA female 18119 17119 

. Shght differences were found in the calculated means found m Table Al 7 and the summary table 
in Table 18. Our calculattons corresponded with the means reported m Table A17. The 
differences are noted below. 

Concentration Mean from Table 18 Mean from Table Al7 

0.0 32.24 + 0.77 32.25 + 0.77 

1.0 32.61% 0.61 32.67 i: 0.6 

. Our renewers were unsure as to how percent tallless sperm were calculated in Table 13 and 22, 
therefore, percent tallless sperm data were not vahdated with the mdlvldual data found m Tables 
A10 and A16. 

. The sperm concentration calculated from the control group m the mdlvldual data in Table A16, 
651.3 2 57 7, did not correspond with the data reported m the summary data m Table 22 of 
651.03 i: 57 79. These differences may be due to roundmg and typographIca errors. 

III. Findings 

As noted above, dlscrepancles or mconslstencles revealed m thx data validation Included the appearance 
of some abnormal values. It also included some differences m actual and calculated means and standard 
errors. These Issues, however, do not affect the confidence in this data study report. 

          
Llha Chen, B.S. 

/s/
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STUDY SUMMARY 

Compliance Statement 

The study protocol Indicated that the study would be conducted according to FDA GLP regulations. The 
study report was signed by the Study Dtrector on January 11, 1984, but dtd not contam a speufic 
comphance statement. 

Quality Assurance Statement 

A quahty assurance statement was included with the study, and was signed by the Quality Assurance 
Und on January 12, 1984. 

Study Objective 

The study objective was to evaluate the effects of bisphenol admmistered via subcutaneous Silastlc 
implants in CD-1 mace on mating performance, fertihty, and pregnancy in the FO generation. The study 
was conducted according to NTP’s “Fertility Assessment by Continuous Breeding” which consists of 
five tasks. Task 1 is a 14-day repeat dose range-finding study. Task 2 is the contmuous breeding phase 
to ascertain effects on reproduction in the FO animals. Task 3 is only conducted when positive findings 
are noted in Task 2, and consists of cross-over breeding of the control and high-dose FO ammals to 
determine the affected sex. Task 4 IS only conducted if no effects are noted m Task 2, and evaluates 
reproduction in the Fl animals from tbe control and high-dose groups. Task 5 evaluates reproductive 
hormone patterns in plasma samples obtamed at necropsy of animals in Task 3 or 4. In this study, only 
Tasks 1 and 2 were conducted. 

MATERIALS AND METHODS 

Test Article 

Descrmtlon and Recerot. The test article bisphenol A (C,, H,, 0, ; CAS No. 80-05-7) was supplied by 
Alpha Products. The compound was received by Midwest Research Institute (MRI), Kansas City, MO 
on February 18, 1982 The lot number was 011681 and the batch number was 1. Information on the 
purity and stablhty of the compound was supplied by MRI. The compound was subsequently shipped to 
Research Triangle Institute (RTI) 

Analvsls of Puntv, Homoeeneitv and Stablhty. MRI conducted spectrophotometric and chromatographic 
analyses of the compound, and determined that the test article was approximately 95% pure MRI found 
that the test article was easily suspended in corn oil by shaking and stirrmg. Rehomogenization was easy 
m samples that had settled for five days For the analysis of homogeneity, solutions of tnsphenol A in 
corn oil were prepared for the prechronic and chronic dose levels of 400 mg/ml and 50 mgiml, 
respectively Five 200 ml portions of the suspension were poured into 250 ml glass-stoppered flasks 
The contents of one of the five flasks were stirred using a magnetic stir bar. Usmg a syrmge with a 16- 
gauge needle, two l-ml aliquots were removed from the flask and placed m 5mI septum vIaIs for analysis. 
Each of the remainmg four flasks were stmilarly sampled over the next four days. The analyses showed a 
maximum of 1.8% variation in dose concentration from the mean values determined for the suspension 
The suspension prepared at the chronic dose level was analyzed for stability, and found to be stable for at 
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least 3 weeks in the dark at room temperature. The certificate of analysis IS provided in Appendix 8 4 of 
the study report 

Preuaratlon of ImrJants. The implants were prepared from Dow-Coming Silastic tubmg, with an inner 
diameter of 0.078 inches and an outer dmmeter of 0.125 inches. The tubing was cut into varymg lengths 
as shown in Table 1 One end of the tubing was sealed with Dow-Corning medlcal grade elastomer. A 
disposable plastic syrmge fitted with a 1 % inch needle was used to fill a 50% (w/v) suspension of 
blsphenol A in corn 011. The other end of the tubing was then sealed with Dow-Corning medical grade 
elastomer. The implants were placed in mdividual glass vials and stored at 4°C. 

Implant Analvsis At the beginnmg and the end of Task I, one implant per dose group was sent to MRI 
for analysis. At the beginning of Task 2, one Implant per dose group was sent to MRI, and at the end of 
Task 2 the Implants from all animals were sent to MRI. The contents from each implant were dissolved 
in acetone. Subsequently, the samples were diluted with a solution of N-phenylcarbazolein acetone 
which was the internal standard and quantified by gas chromatography. The certificate of analysis is 
presented in Appendix 8.1 of the study report 

Animals 

Receipt and Acclimation. A total of 300 COBS Crl.CD-I, (ICR)BR mice, 150/sex, were supplied by 
Charles River Breeding Laboratories, Inc., Kingston, NY on October 25, 1982. The animals were 6 
weeks of age at the time of receipt. Ammals that were to be used for Task I were maintained in 
quarantme for two weeks and animals that were to be used for Task 2 were isolated for five weeks. After 
two weeks of quarantine, two males and two females were sacrificed. Serum samples were obtained and 
shipped to Microbiological Associates, Inc , Bethesda, MD for determination of antibodles (indicative of 
prior exposurelmfection) to 11 mouse vu-uses The study report states that all sera were negative, but the 
report from Microbiological Associates was not included 

Housinp. Diet and Environment. Dung the quarantme period, 10 animals per sex were caged together 
and durmg the premating period of Task 2,5 animals per sex were caged together. Subsequently, the 
Task 1 and 2 animals were caged indlvldually except during the mating phase of Task 2 The rats were 
housed in solid bottom polypropylene or polycarbonate cages with stainless steel wire lids. All cages 
were supplied with Ab-Sorb-Drl bedding which was supplied by Laboratory Products, Inc., Garfield, NJ. 
The cages were sanitized weekly with Life-S&100 detergent and 180°F water; the detergent was 
supphed by Dubois Chemical Co , Cincinnati, OH The animals were supplied with 14 hours of hght 
and 10 hours of dark; the photoperlod was automatically controlled. The room temperature and humidity 
were monitored with a DP220 Datapod Electronic Hygrothermogaph supplied by Ommdata 
International, Inc., Logan, UT. Room temperature ranged from I7 6 - 21.5”C and the humidity ranged 
from 48 - 70% durmg the study. 

The animals were provided food (Purina rodent chow #5002) and water ad libitam. 

Placement of Implants. The ammals were weighed and anesthetized by an intraperltoneal Injection of 60 
mg/kg of a 7:l (w/w) solution of k&amine and xylazme. For animals receiving a single implant, the 
tubmg contaming the blsphenol A was implanted subcutaneously in the cervical dorsum For ammals 
receiving two implants, a smgle dorsomedlal incision was made in animals receivmg two implants, and 
each piece of tubmg was placed on opposite sides lateral to the spine. 
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The implants were expelled from several animals m all groups through cutaneous lesions that developed 
adjacent to the implant or at the original incwon. This happened to some animals as many as four times 
durmg the study. A new piece of tubing was then implanted in the manner described above. Pregnant 
ammals were allowed to dehver ther litters prior to implant replacement 

Experimentd Design 

Asswmment to Study Grout, and Dose Selection. The mice were weight-stratified and randomly 
assigned to control and treatment groups. The dose levels for Task I were based on information 
avaIlable in the literature, and the dose levels for Task 2 were based on the results of Task 1. The dose 
levels, length of implant, volume of the bisphenol A/corn 011 in the Implant and the number of implants 
per ammal for Tasks 1 and 2 are presented m Table I. For Task 1, there were 8 ammalsisexigroup. For 
Task 2, there were 40 animals/sex m the control group and 20 ammals/sex in each treatment group 

TABLE 1 

Dose Levels and Implant Lengths for Tasks 1 and 2 

Task 

Dose Level 
(mg bisphenol A Length of Implant Volume in No. Implants 

per Implant) (inches) Implant per Animal 
w 

1 0 1.125 1000 2 
6.25 0.250 12.5 1 
12 s 0.375 25 0 1 
25 0625 50.0 1 
so 1.125 100.0 1 
50 1 125 100.0 2 

2 0 1.125 100.0 2 
25 0.625 50.0 1 
50 1.125 100.0 1 
50 1.12s 100 0 2 

Length of plugs on both ends included (0.125 inches total) 
b- The volume of corn 011 or a 50% (w/v) suspension of bisphenol A in corn oil per implant 

Dosing Period. The Task 1 animals were 8 weeks of age at the beginning of treatment and were treated 
for 14 days. The Task 2 ammals were 11 weeks of age at the begmnmg of treatment. The animals were 
treated for 7 days before mating, throughout the 98 day breeding phase and dung the subsequent 21 day 
segregation phase. 

Clinical Observations 

During the study all animals were exammed twice daily for mortality, morbidity, and signs of toxicity. A 
complete physical examination was conducted once weekly. 
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Body Weight Measurements 

Each Task 1 and Task 2 ammal was welghed at the begmning of the study and weekly thereafter. Body 
weights of Task 2 animals were also recorded at terminatmn 

Breeding Procedures for Task 2 

Following the 7 day premating permd, each female was paired wth a male from the same treatment 
group for 98 consecutive days The females were allowed to deliver each htter. The pups were 
sacrificed within 16 hours of birth so that the breeding pairs could mate again at postpartum estrus. The 
number and proportmn of fertile pairs and the number of litters produced per breeding pair were 
recorded. 

Litters 

For each litter, the hve offspring were sexed, counted, pooled and weighed by sex. The dead pups were 
counted, but their sex and weights were not recorded 

ScheduledNecropsy Examinations 

After 14 days of treatment, the Task 1 ammals were bled by cardiac puncture. The samples for each sex 
and treatment group were pooled and centrifuged at 2000 ‘pm for 15 minutes. The plasma was harvested 
and then frozen and stored at -20°C. The frozen plasma samples were shipped to MRI for analysis of 
blsphenol A levels by electron capture gas chromatography. The certificate of analysis is included in 
Appendtx 8.1 of the study report. The weight of the female reproductive tract (ovaries, owduct, uterus 
and upper half of vagina) was recorded Otherwise, the animals were not necropsied. 

At the end of Task 2, the animals in the control and 100 mg groups were asphyxlated with CO, and bled 
by cardiac puncture. The weights of the liver, Intact female reproductive tract (wanes, oviduct, uterus 
and upper half of vagina), testis with attached epididymls (each side weighed separately), seminal 
vesicles and prostate gland were recorded The heads were removed and the cranial roofs excised The 
exposed bram and pituitary were fixed -&I by immersion in 10% neutral-buffered formalm. After 
fixation, the brain (cerebrum, cerebellum and medulla) and pituitary were dissected and the weights were 
recorded. The livers were discarded and the testes were preserved in Bouin’s solution. The remaining 
reproductive tissues were preserved in 10% neutral-buffered formalin The animals in the 25 and 50 mg 
groups were sacrificed and discarded. 

Statistical Evaluation 

The number of htters and the number of lwe pups per htter were computed for each fertile pair of Task 2 
animals and then treatment means were determined. The following formula was used to calculate the 
fertdity index: 

# of breeding pairs producing wable litter X 100 
# of breeding pairs 



The statistics used to analyze the various parameters are presented in Table 2 

Table 2 

Statistical Evaluation 

Parameter Statistic 

Task 1 - % body weight gain over 14-day permd, Analysis of variance and Dunn&t’s Multiple 
female reproductive tract weight Range Test 

% mortahty, proportion of fertile pairs Chi Square Test for homogeneity and Fisher’s 
Exact test for pairwise comparisons 

Mean number of litters, mean htter size, number 
of live offspring, proportion of hve pups, sex of 
live pups 

Mean pup body weights, organ weights 

Chi Square Approximation to the Kruskal-Wallis 
test, Jonckheere’s Test and Mann-Whitney U 
Test 

Analysis of variance using the Kruskal-Wallis 
Test and pair-wise comparisons using the Mann- 
Whitney U Test and Jonckheere’s Test. Analysis 
of covariance and t-test toJudge significance of 
differences 

Task 2 -terminal body weights Analysis of variance and t-test to judge 
significance of differences 

Appraisal of Protocol/ExperimentaI Design 

The study protocol was provided in Appendix 8.4 of the study report. The study was well designed and 
followed NTP’s reproductwe toxicology testmg scheme designated “Fertility Assessment by Continuous 
Breeding”. At the time that the study was conducted the protocol was new to the scientific and 
regulatory community. Although FDA and EPA have never formally converted this protocol into a test 
guidelme, it is generally accepted in lieu of a two-generatmn reproductive toxicity study. 

STUDY RESULTS 

TASK 1 

Analysis of Levels of Bisplrenol A in Implants and Serum 

The levels of bisphenol A in the implants on day 0 and day 14 of Task 1 are presented in Table 3 and the 
plasma levels are presented in Table 4. At the beginning of Task 1, the implants contained 69-88% of the 
target dose of bisphenol A and at the end of the 14-day treatment period, the implants contamed 55-62% 
of the target dose. There were not substantial chfferences m the amount of released bisphenol A in the 
6.25, 12.5 and 25 mg groups Based on the amount of bisphenol A present in the implants at the 
beginnmg and at the end of the study, the total dose per mouse over the 14-day treatment period was 
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calculated as 1.6, 1.4, 1 6, 5.6 and 10.5 mg bisphenol A for the 6.25, 12.5, 25, 50 and 100 mg groups, 
respectwely. Actual plasma levels were below the limit of detection m the 6 25 mg group. Our 
rewewers note that these values represent less than 11% of the target values. The mean plasma level was 
7.0 and 7.7 &ml for the females and males m the 12.5 mg group, respectively and 8.3 and 8.4 &ml for 
the females and males in the 25 mg group, respectively. As shown by the amount of bisphenol A 
released from the implants, there were not substantial differences in the plasma levels in these two dose 
groups. In the next two higher dose groups there were dlfferences in the plasma levels for males and 
females. The mean plasma levels were 13 1 and 18.5 ng/ml for the females and males in the 50mg group, 
respectively and 56.2 and 3 1.5 &ml for the females and males in the 100 mg group, respectively. The 
study authors could not provide a reason for this sex difference. 

Table 3 

Levels of Bispbenol A in Implants (Task 1 Animals) 

Study Day Sample Identification 

0 0 mg/implant 
6.25 mg/implant 

12.5 mg/implant 
25 mg/implant 
50 mgiimplant 
50 mAiimplant 

Bisphenol A Found 
Bisphenol A Found (mg) a Per Label (%) 

< mdlb __ 
5.5 88 
8.3 66 

16.7 67 
34.0 68 
34.5 69 

14 0 mg/implant 
6 25 mgknplant 

12.5 mg’lmplant 
25 mg/implant 
50 mg/lmplant 
50 me/implant 

a- Bisphenol A measurea oy gas cnromatograpny 
b- Mmanum detectable level was 0.3 mg 

< mdlb 
39 
69 

15.1 
28.4 
29.5 

I __ 
62 
5.5 
60 
57 
59 
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Table 4 

Plasma Levels of Bispbenol A (Task 1 Animals) 

Group SW Blsphenol A (ng/ml) Mean 2 SD 

Control M < mdlb < mdl 
F < mdl < mdl 

6.25 M < mdl < mdl 
F <mdl < mdl 

SO M 19.8, 16.5, 19.3 18.5 i: 1 8 
F IO 2, 13.9, 15.3 13 I k 2.6 

100 M 32.2, 26.1, 35.7 31.5+45 
F 51.4,55.0 56.2 I.1 + 

a- Plasma was pooled wthm treatment and sex 
b- Mmlmum detectable hmlt was 3 “g/ml 
c- Duphcate lost due to hemolysls of the sample 

Mortality 

One female in the 12.5 mg group died during necropsy and one male in the 25 mg group was killed by his 
cage mates. In addition, one female in the 50 mg group and one male and one female in the 100 mg 
group were removed from the study because the implants were lost All other ammals survived untd 
scheduled termination 

Clinical Observations 

The study report states that there were no clinical signs of toxicity noted in the control or treated groups. 
No further details were provided. 

Body Weight 

The mean body weights at the beginnmg and end of Task 1 are presented in Table 5. Mean body weights 
and the percent change in body weight over the two week treatment period were comparable among 
treated and control groups. 
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Table 5 

Mean Body Weights Of Task 1 Animals (Mean + SE) 

Control - Male (N=S) 

Scheduled Necropsy 

No gross necropsies were conducted on the Task 1 ammals In females, the reproductive tract (ovaries, 
oviduct, uterus and upper half of vagina) was removed Intact and the weights were recorded. The mean 
weightswere 159.029.7, 1756+22.9,179Ot108, 1864k25.3, 146.6+9.3and241.3+36.9forthe 
control, 6 25, 12.5,25, 50 and 100 mg groups, respectively. The mean weight of the reproductwe tract 
was higher in the 100 mg group than in the control group, but due to the high variability statistical 
sigmficance was not achieved. The study authors stated that this may be indicatwe of a potential effect 
that would have to be confirmed m Task 2. 

TASK 2 

Analysis of Levels of BisphenoIA in Implants 

The levels of bisphenol A in the implants on day 0 and at the end of the 18.week study period of Task 2 
are presented in Table 6. No bisphenol A was detected m the control implants At the onset of the study, 
the implants contained 65-71% of the target amount of blsphenol A At the end of the study, the implants 
contained 18-30% of the initial target level of bisphenol A Based on the amount of bisphenol A 
present in the implants at the beginning and at the end of the study, the total dose per mouse over the IS- 
week treatment period was calculated as 1 l-12.3 mg for the 25 mg group, 17.7-19.3 mg for the 50 mg 
group and 37 2-40 mg for the 100 mg group. Our reviewers note that these values represent less than half 
the target values. 
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Table 6 

Levels of Bisphenol A in Implants (Task 2 Animals) 

Bisphenol A Found 
Study Week Sample Identlficatton Bisphenol A Found (mg) ’ Per Label (%) 

Week 0 0 mg/implant < mdlb __ 
25 mg/implant 16.9 68 
50 mg/implant 32.3 65 
50 mg/implant 35.4 71 

Week 18’ 0 mg/implant < mdl __ 
(Mean i SD) 0 mg/implant < mdl -_ 

25 mgiimplant 4.6 + 1 8 180+70 
25 mg/implant 5.9 + 1.2 240+50 
50 mg/implant 13.0+ 1.9 260240 
50 mg/implant 14.6 2 3.2 300+60 
50 mg/implant X 2 27.7 + 4.7 27.0 F 4.0 
50 mg/implant X 2 30.5 + 5.5 30.0 2 6.0 

a- Bisphenol A measured by gas chromatography 
b- Minimum detectable level was 0.3 mg 
c- Mean i SD, the first value is for males and the second value is for females 

Mortali@ 

One control female and one female in the SO mg group died during the study. The study authors did not 
state the cause of death. The fertility and reproductive performance data for the breeding pair of these 
two females was not Included in the analysis. 

CIinical Observations 

The study report states that there were no climcal signs of toxlclty noted in the control or treated groups 
No further details were provided. 

Several animals developed irritation and cutaneous lesions at the site of the implants. Often the implants 
were expelled at these sites (presumably through ulcerated lesions) or through the site of the initial 
Incision (presumably through incompletely healed skin) Our reviewers note that the study authors did 
not Indicate whether or not the dorsomedial skin Incisions were closed (via chp, suture, or staple) or left 
open to heal by granulation. 

Body Weight 

The mean body weight for selected weeks of the study are presented in Tables 7 and 8 for males and 
females, respectwely. Mean body weights were comparable among treated and control groups. The 
fluctuation in female body weights reflects the pregnancies occurring throughout the study 
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Table 7 

Mean Male Body Weights for Selected Weeks of Task 2 (Mean 2 SE) 

Table 8 

Mean Female Body Weights for Selected Weeks of Task 2 (Mean 2 SE) 

a- One control anmal died durmg week 12: n=39 for weeks 12-18. 



Reproductive Performance 

The reproductive performance parameters for the Task 2 ammals are presented in Table 9. One breeding 
pair in the 50 mg group had only one litter consisting of all dead pups. The sex and weight of the pups 
was not determmed so the data are not included in Table 9. The fertility index was comparable among 
treated and control groups The index was 97, 95, 100 and 100% for the control, 25, 50 and 100 mg 
groups, respectively. The mean number of htters produced per fertile pair and the proportion of pups 
born alive were comparable among treated and control groups. There was a significant increase in the 
mean number of male pups per htter m the 50 mg group compared to all other groups (treated and 
control) and a significant increase m the mean number of live pups per litter m the 50 mg group 
compared to the control and 100 mg group. The biological sigmficance of this is unclear since a sitmlar 
Increase was not observed m the 100 mg group The mean male pup body weight was significantly 
Increased in the 100 mg group relative to the control and 25 mg groups, and the mean female body 
weight in the 100 mg group was significantly increased relative to the 50 mg group However, the mean 
combined pup body weights were comparable among treated and control groups. The body weights were 
adjusted for the total number of live and dead pups per htter by analysis of covariance. The adjusted 
male body weight In the 100 mg group was significantly Increased compared to the control and 25 mg 
groups and in the 50 mg group compared to the control group The adjusted body weight of males and 
females combined was significantly increased in the 100 mg group compared to the 25 mg group The 
adjusted female body weight was significantly increased in the 100 mg group compared to the control 
and 25 mg groups. 
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Table 9 

Reproductive Performance of Task 2 Animals (Mean k SE) 

Parameter Control 25 mg Group 
N=38 N=19 

Litters per par 439io 12 4.26 0.20 + 

LlW pups per litter 
- Males 4.8820 18 4 59io.31 
-Females .5.06t0.19 4.95 + 0.39 
- Combined 9.93 + 0.29 9 54 + 0.58 

Proportion of pups born alive 1.00 + 0 00 0 99 i. 0.00 

Sex Ratio 0.49 & 0.01 0.48 + 0 02 
(# Males/total pups) 

Live pup weight (g) 
- Males 1.69 + 0.02 1.70 + 0.03 
- Females 1.64?002 1 64 i. 0.03 
- Combined 1.68 + 0.02 1.67 + 0.03 

Adjusted hve pup weight (& 
- Males 1.69+002 1.69 k 0.03 

Females 1.64 + 0.02 1 63 + 0.03 
- Combmed 1.67 & 0.02 1.66 2 0.03 

- ” _^^ 

50 Group mg 100 Group mg 
N=19 N=20 

4.53 2 0.23 4 45 2 0.17 

5.56 i: 0 39’ 4.77 2 0.27 
S.lOF0.38 4.72 2 0.28 
10.66 2 0.71d 9.49 5 0 48 

0.95 + 0.05 0.99 2 0.00 

0 52 i 0.01” 0.50~002 

1 73 2 0 04” 1.78 + 0.03’ 
1.63 + 0.03” 1.74 k 0.04’ 
1 68 If: 0 03” 1.75 2 0.03 

1.76 + 0.03Q 1.77iOO3’ 
1.67 2 0.03” 1 72k003h 
1.72+003” 1.73 2 0.02’ 

a- uata for IX fertile pars 
b- Mean adjusted for total number of hve and dead pups per htter by analysis of covariance 
c- Significantly different from the control, 25 and 100 mg groups, ~~0.05 
d- Significantly drfferent from the control and 100 mg groups, ~~0.05 
e- Significantly different from the control and 25 mg groups, ~~0.05 
f- Sigmficantly different from the 50 mg group, ~~0.05 
g- Significantly dlfferent from the control group, pcO.05 
h- Sigmficantly different from the control and 25 mg groups, ~~0.05 
I- Significantly different from the 25 mg group, p<O.OS 

Scheduled Necropsy 

The terminal body and organ weights of the control and 100 mg groups are presented in Table 10. The 
mean body weights and organ wtxghts were comparable among treated and control groups. 
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Table 10 

Terminal Body and Organ Weights of Task 2 Animals (Mean + SE) 

Parameter 

- One ammal was not weighed 
b- One pituitary was lost due to improper dissectlon 
c- Two pitmtaries were lost due to improper dIssectIon 
d- Seminal ves~les were not weighed for one male by awldent 

ASSESSMENT 

Although this was a well-designed and well-executed study, it was flawed by two factors: (1) the release 
of the test article from the implants was too low, and (2) the rate of Implant expulsion/loss was excessive. 

CONCLUSIONS 

From the results of the range-finding study (Task l), the study authors concluded that It 1s possible to 
admmister bisphenol A wa the Silastic implants The bisphenol A was released from the implants and 
was detectable in the plasma of the animals. Based on the amount of bisphenol A present m the implants 
at the beginning and at the end of the study, the total dose per mouse over the 14-day treatment period 
was calculated as 1.6, 1 4, 1.6, 5 6 and 10 5 mg bisphenol A for the 6.25, 12.5, 25, 50 and 100 mg groups, 
respectwely. Our reviewers note that these values represent less than 11% of target values for Task 1 
animals. Actual plasma levels were below the limit of detection m the 6.25 mg group. The mean plasma 
level was 7.0 and 7.7 @ml for the females and males in the 12 5 mg group, respectively and 8.3 and 8.4 
ng/ml for the females and males m the 25 mg group, respectively. The mean plasma levels were 13.1 and 
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18 5 n&n1 for the females and males in the 50 mg group, respectively and 56 2 and 3 1 5 ng/ml for the 
females and males in the 100 mg group, respectively Admmlstration of bisphenol A did not affect mean 
body weights of the animals over the two week period. The mean weight of the female reproductive tract 
was higher in the 100 mg group than m the control group, but due to the high vanability statIstica 
significance was not achieved. The study authors stated that this may be indicative of a potential effect 
that would have to be confirmed m Task 2. 

For the contmuous breeding phase of the study (Task 2), dose levels of 0,25,50 and 100 mg bisphenol A 
were used. The study authors concluded that bisphenol A was released from the implants. Based on the 
amount of bisphenol A present in the implants at the beginning and at the end of the study, the total dose 
per mouse over the 18.week treatment period was calculated as 1 l-12.3 mg for the 25 mg group, 17.7- 
19.3 mg for the 50 mg group and 37.2-40 mg for the 100 mg group. Our reviewers note that these values 
represent less than 50% of target values for Task 2 animals. Plasma levels were not measured 

Administration of bisphenol A for the I g-week period did not affect the mean body wetghts of the 
ammals. There were no effects on the fertility of the breeding pairs or on the mean number of litters 
produced. There were some statistically sigmficant mcreases in mean pup body weights. However, the 
study authors concluded that there was no dose-response relationship and therefore were not treatment 
related. At scheduled sacrifice, mean absolute and relative organ weights were comparable among the 
control and high dose groups. Our reviewers concur with the study authors’ conclusions. 

There were a number of problems associated with the Implants. A number of animals expelled their 
implants during the 1 &week study period In addition, a number of animals developed cutaneous lesions 
at the implant sites indicating that bisphenol A was locally toxic. For these reasons, the study authors 
concluded that the implants were not sutable for long-term delivery of bisphenol A and the potential 
reproductive toxicity of bisphenol A should be evaluated by another route of exposure. 

EXECUTlVE SUMMARY 

This study was conducted according to the NTP’s protocol “Fertility Assessment by Contmuous 
Breeding”. This study design can include up to five studies which are called tasks. In this particular 
study, tasks 1 and 2 were conducted. Task 1 is a 14-day repeat dose range-findmg study. Task 2 is the 
contmuous breeding phase to ascertain effects on reproduction m the FO animals. For Task 1, groups of 
8 male and 8 female CD-l mice were administered bisphenol A via subcutaneous Silastic implants at 
dose levels of 0,6.25, 12.5,25, 50 or 100 mg for two weeks. The amount of bisphenol A in the implants 
was analyzed at the beginning and at the end of the study period. The plasma levels of blsphenol A were 
analyzed at the end of the study period. Body weights were recorded weekly. At study Vermin&on, the 
female reproductive tract was weighed. 

The blsphenol A was released from the implants and was detectable in the plasma of the animals. Based 
on the amount of bisphenol A present in the implants at the begmning and at the end of the study, the 
total dose per mouse over the 14-day treatment period was calculated as 1.6, 1 4, 1.6, 5.6 and 10.5 mg 
bisphenol A for the 6.25, 12.5,25, 50 and 100 mg groups, respectively. Our reviewers note that these 
values represent less than 11% of target values for Task 1 animals Actual plasma levels were below the 
limit of detectlon in the 6.25 mg group. The mean plasma level was 7 0 and 7 7 ng/ml for the females 
and males m the 12.5 mg group, respectively and 8.3 and 8.4 @ml for the females and males in the 25 
mg group, respectively. The mean plasma levels were 13 1 and 18 5 @ml for the females and males m 
the 50 mg group, respectively and 56.2 and 3 1 5 ng/ml for the females and males m the 100 mg group, 
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respectively. AdministratIon of bisphenol A did not affect mean body weights of the animals over the 
two week period. The mean weight of the female reproductive tract was higher in the 100 mg group than 
m the control group, but due to the high variability statlstical sigmficance was not achieved. The study 
authors stated that this may be indlcatlve of a potential effect that would have to be confirmed in Task 2. 

For Task 2, CD-1 mice were admmistered bisphenol A via subcutaneous Mastic implants at dose levels 
of 0,2S, 50 or100 mg. The control group contained 40 males and 40 females, and each treatment group 
contained 20 males and 20 females The animals were treated for 7 days prior to mating, throughout the 
98-day breeding phase and for 3 weeks after breeding. For breeding, one male and one female from the 
same treatment group were cohablted for 98 consecutwe days. The females were allowed to deliver their 
htters The pups were sacrificed wthm 16 hours of bwth so that the breeding paus could mate again at 
postpartum estrus. The number and proportion of fertile pairs and the number of litters produced per 
breedmg pair was recorded. For each litter, the live offspring were sexed, counted, pooled and weighed 
by sex. The dead pups were counted, but their sex and weights were not recorded. At the end of the 18- 
week study period, the animals in the control and 100 mg groups were subjected to a gross necropsy 
The weights of the hver, intact female reproductive tract (ovaries, oviduct, uterus and upper half of 
vagina), testls with attached epldidymis (each side weighed separately), seminal vesicles, prostate gland, 
brain (cerebrum, cerebellum and medulla) and pitmtary were recorded, and the tissues were preserved. 
The ammals in the 25 and 50 mg groups were sacrificed and discarded. 

Based on the amount of bisphenol A present in the implants at the begmning and at the end of the study, 
the total dose per mouse over the 18-week treatment permd was calculated as 11-12.3 mg for the 25 mg 
group, 17.7-19.3 mg for the 50 mg group and 37.2-40 mg for the 100 mg group. Our reviewers note that 
these values represent less than 50% of target values for Task 2 animals. Plasma levels were not 
measured. 

Admmistratlon of bisphenol A for the 1 g-week permd did not affect the mean body weights of the 
animals. There were no effects on the fertility of the breeding pairs or on the mean number of litters 
produced. There were some statistically significant increases in mean pup body weights. However, the 
study authors concluded that there was no dose-response relationship and therefore were not treatment 
related At scheduled sacrifice, mean absolute and relatwe organ weights were comparable among the 
control and high dose groups. 

There were a number of problems associated with the implants A number of animals expelled their 
implants during the I g-week study period. In addltlon, a number of ammals developed cutaneous lesions 
at the Implant sites mdicatmg that bisphenol A was locally toxic For these reasons, the study authors 
concluded that the implants were not suitable for long-term delivery of bisphenol A and the potential 
reproductwe toxic@ of bisphenol A should be evaluated by another route of exposure. Given these 
problems, it was not appropriate to establish a LOAEL/NOAEL for this study. Our rewewers agree. 
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Appendix A: Data Validation 

Bisphenol A: Reproduction and Fertility Assessment in CD-l Mice When Administered via 
Subcutaneous Silastic Implants 

I. Animals Followed Throughout the Study 

Twenty percent of all ammals were selected for revvzw usmg the random number generator m Ivhcrosoft 
EXCEL. Data for all ammals selected for review were checked m all tables contammg mchv~dual ammal 
data. No abnormahtles were noted m exammmg the mdlvldual ammal data. 

Males: Females: 

II. Critical Effects and Spot Checks 

A comparison of the study protocol to the materials and methods was performed. Standard error was 
calculated because the data was included m the study report. Information Included m the summary, 
methods, results, chscusslon, and tables were examined. All findings are presented below. 

. The protocol outhned five tasks that were to be performed m tlus study. However, only task 1 
and 2 were actually performed m the study because Blsphenoi A (BPA) did not exert adverse 
effects on ferblity and reproducbon m male and female CD-1 rmce. The study authors noted that 
further studies are requred to determine a more optimal route of exposure for reproductive 
toxxlty of BPA m CD-l nuce. 

. The methodology (pg. 30) mdxated that fertility and reproductive performance data for breedmg 
pairs m Task 2 were not mcluded in the statlstvzal analysis of the data If either partner dzed dung 
the task. However, the data for ammal G23 1 were mcluded in Table A3 in the statIstica analysis 
even though this ammal &ed during the task. Results are shown below. 

Pair G231 + G141 Mean No. Live Pups per Uter Mean Total No. Pups per Litter 

Data included m the mean and 10.7 50.7 _ 11.0+0.7 
standard error (&cm Table A3) 

Data not Included in the mean 10.6+0.7 11.1 +os 
and standard error 

. In Table A6 (organ weights), male md~vldual G94 in the 100 mg exposure group had a very lugh 
prostate weight of ,119 grams. The mean prostate weight m the exposure group was ,058 grams. 
No outhers were mentIoned m the study report. 

. Table 6 from the index of tables (pgs. 99-l 15) was found nussmg from the study report. 



Group mean values were venfied through calculatmn usmg mdwdual ammal data m the followmg tables: 

. Table Al Male body weight (control and 100 mg/kg/day exposure groups, week 1,5,10,15,18), 

. Table A2: Female body weight (control and 100 mg/kgiday exposure group, week 1,5,10,15,18); 

. Table 6: Group Means of Lwe Pup Weight (htter per pair, hve pups per htter, and hve pup 
weight for control and 50 mgIkg/day exposure groups); 

. Table 7 Female body weight and organ weights at necropsy (control and 100 mgikgiday 
exposure groups); and 

. Table 8. Group Means of Mouse Organ Weights (control and 100 mgikglday exposure groups). 

The followmg devlatlons were noted: 

. For Tables Al and A2, no calculations were performed for weeks 5, 10, or 15 because mdlvldual 
body weights were only mcluded for weeks 1 and 18. The mean for male body weight at week 
18 in the 25 mg treatment group was given at 39.8 grams, but was calculated at 39.7 grams. The 
mean for male body weight at week 18 in the 50 mg treatment group was gwen at 39.8 grams, but 
was calculated at 39.9 grams. These dlscrepancles may be due to roundmg errors. 

. All the results in Table 6 for reproductwe performance at the 0 treatment group did not 
correspond wth the calculations in both Table A3 (mean and standard error data), and Table 6 
(summary table), as presented below. 

At 0.0 mg treatment group 

Reproductive Parameter 
Standard Error Standard Error 

Calculated Mean 
and Standard 

Error (Calculated 
from Table A3) 

NC Not calculated 

. The means and standard error data m Table A3 corresponded with calculated data, however, that 
data did not correspond to the summary data m Table 6, as illustrated below. 
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At 50.0 mg treatment group 

Reproductive Parameter Mean and Standard Error Calculated Mean and Standard 
(from Table 6) Error (Calculated from Table 

Litters per Par 4 53 _+ 0.23 4.45 2 0.24 
Lwe pups per htter 10.66 2 0.71 10.65 2 0.68 
(combmed) 

Lwe pup weight (male) 1.73 t 0.04 I.725004 
Lwe pup weight (female) 1.63 + 0.03 1.64 i 0.03 

,Live pup weight (combined) 1.68 i: 0.03 1.68 + 0.04 

. The study authors noted that the total number of fertile pairs for the 0 treatment group was 38 but 
data from table A3 for reproductwe performance for indiwdual breeding pars show 39 fertde 
paxs. 

III. Findings 

As noted above, discrepancies or mconslstencies revealed m this data validation included rmssmg data 
and the appearance of some abnormal values. It also included some differences in actual and calculated 
means and standard errors. These Issues, however, do not affect the confidence m this data study report. 

Llha Chen, B S. Date 
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STUDY TITLE 

Teratologic Evaluation of B~sphenol A (CAS No. 80-05-7) Admmlstered to CD-l MIX on Gestational 
Days 6 through 15 (NTP-85.088) 

TESTING LABORATORY 

Research Triangle Institute (RTI) 
Post Office Box 12194 
Research Triangle Park, NC 27709 

COMPLETION DATE OF STUDY 

Report Date. February 15, 1985 

SPONSORS OF STUDY 

The National Toxicology Program 
Research Triangle Park, NC 27709 

National Center for Toxrcological Research 
Diws~on of Teratogenesis 
Jefferson, AR 72079 

LABORATORY STUDY NUMBER 

RTI Study Code No M182-BPA 
RTI PrOJeCt No 3 I U-2077 

STUDY SUMMARY 

GLP CompliancdQunlity Assurance 

The protocol (Appendix I, page 29) mdlcated that the testing facility was in compliance with Food and 
Drug Admimstratton (FDA) Good Laboratory Practw (GLP) Regulations for Nonclmical Laboratory 
Studies (1978) and that the laboratory was accredited by the Amencan Association for Accredltatlon of 
Laboratory Ammal Care The protocol further stated that the study would be conducted in comphance 
with GLP guldelmes However, a statement contirmmg that the study complied wth GLP guidelmes 
was not mcluded m the study report 

The study report mcluded a signed and dated (October 15, 1984) Quality Assurance Statement 
(pages 4.5), whxh reported a list of five Quahty Assurance Umt (QAU) inspections conducted dunng the 
study as well as a Fmal Report Audit and Data Record Audit. A footnote to the hst of inspections, 
however, mdlcated that several of the inspectlow were performed on a comparable study rather than on 
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the present study The study report was considered by the QAU to be an accurate account of the study 
procedures and findings. 

The ObJectwe of this study was to evaluate the toxic and teratogenlc effects of the test material (blsphenol 
A) admmlstered orally to pregnant mice dung the period of organogenesis (gestation days 6-15) 

Test Material 

Test Article 

The test article was ldentlfied as Blsphenol A (CAS No. 80-05-7, molecular formula C,,H,,O, , 
molecular weight 228.28) and was obtamed from Midwest Research Institute (MRI), Kansas City, MO 
MRI obtained the test article from Alfa Products (Lot No 01 1681, Batch No 01) (Appendix II, page 10) 
MRI deswbed the test article as a white crystallme powder (Appendix II, page 15) Although the 
product label mdlcated 98% purity (Appendix II, page IO), MRl estimated a purity of approxonately 95% 
by high performance llquld chromatography (HPLC), which Identified two impurities comprising 
approximately 3 9% and I 0% of the sample (Appendix II, page 11) Nonaqueous tltratlon of the phenol 
groups indicated a purity of approxnnately 99%, however, this method could not detect any phenohc or 
acidic unpuritles m the sample (Appendix II, page 1 I). The major unpurlty was later ldentlfied as the 
2,4’ isomer of B~sphenol A by capillary gas chromatography/mass spectrometry, which estunated the 
impurity to be about 3.4% of the sample (Appendix 11, page 48). Accordmg to MRI, the test article was 
stable when stored for two weeks protected from hght at temperatures up to 60°C (Appendix II, page 20) 
At MRI, the test art& was stored sealed m plastic bags inslde a IO-gallon metal can at 5°C (Appendix 
II, page 14), the storage condmons at RTI were not prowded m the study report. The expiratmn date of 
the test artlcle also was not prowded in the study report There were no sigmficant differences, however, 
m Blsphenol A samples returned to MRI from RTI before the present study (9114182) and after the 
present study (l/27/83) compared to frozen reference samples mamtamed by MRI (Appendix II, pages 
41,59, and 65) 

The vehicle was Mazola@ Corn Oil (commercial food grade) The corn oil was stored at 4°C The 
lot/batch number, pwty, stability, and expiration date of the vehicle were not prowded in the study 
report Prior to use, however, each bottle of corn 011 was tested for the presence of peroxldes as an 
mdlcatlon of rancidity (a sample wth peroxide content >I0 mEq/kg would have been considered rancid) 
Analysis of samples of the corn oil used to formulate each dosmg suspension did not reveal any 
peroxides 

Dose Preparation 

Prior to the study, dosing formulations were prepared by combming appropriate amounts of the test 
substance wth corn 011 in flasks and shakmg (chenucalivehtcle mixing protocol described m d&all m 
Appendix II, page 31). A sufficuent quantity of each formulation was prepared to be used throughout 
each replicate of the study All dosing formulations were stored at room temperature in screw cap wals 
To ensure that the study was conducted blind for dose, random 5-digit number codes and color codes 
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were used to ldenllfy the concentration m each wal The suspensions were thoroughly agitated prior to 
dosmg and were stlrred contmuously on a magnetic stir plate during dosing to maintam homogeneity. 

Formulation Analws 

Both pre-dosing and post-dosing analyses of the concentrations of the dosing formulahons were 
conducted. All pre-dosing analyses for replute I and replicate II of the study yielded values within 
90-l 10% of the nommal concentration for each formulation. In both rephcates of the study, post-dosmg 
analyses yielded values wthm 90-l 10% of the nominal concentration for each formulation ’ 

Homogeneity and stabihty of bisphenol A m corn 011 were evaluated by MRl (Appendix II, pages 20-26) 
The results ofthe homogeneity analyses mdicated that by usmg approprmte mixing procedures, bisphenol 
A could be suspended m corn oil formulations swtable for gavage admmlstratlon. Furthermore, 
suspensions stored for five days could be rehomogenized by stirrmg. The stabihty analyses revealed that 
bisphenol A suspended m corn oil was stable for three weeks when at room temperature sealed m the 
dark. Bisphenol A suspended m corn oil was stable for three hours when open to air m the Ilght. 
Hornogenerty and stablhty analyses of the actual dosrng solutions used by RTI do not appear to have 
been conducted 

Test Animals 

A total of 210 female and 70 male caesarean-originated. barrier-sustamed (COBS) CD-l@ (ICR)BR 
outbred albmo mice were recewed from the Charles Rwer Breedmg Laboratory, Inc. (Kmgston, NY) 
Upon anval, females and males were 8-10 weeks and IO-12 weeks old, respectwely 

Spews selectmn was~ustified in the study report (page 22) 

Housme 

Upon receipt, animals were randomly assigned to cages for a seven day quarantine permd Indwdually 
coded ldentlfication tags were attached to the ear of each mouse during this time. Males were housed 
mdwdually, and females were group-housed (ten per cage) The cages were sohd bottomed 
polypropylene or polycarbonate with stamless steel wre lids and molded filter tops. Ad-Sorb-DnB cage 
bedding was used Cages were orgamzed on galvanized-steel racks wth adjustable shelves Followmg 
mating, females were again group-housed (four per cage) with other females awgned to the same 
treatment group. 

Enwronment 

The animals were housed m rooms that recewed 12 hours of contmuous hght and 12 hours of contmuous 
dark each day. The rooms were ax-condItioned, and at least 12-14 air changes were prowded per hour 
The rooms were momtored contmuously for temperature and humidity The temperature range was 

‘Formulations used m the prehmmary study phase ranged from 86.123% of nommal values 
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68 O-70 0 “F, which was wthm the range specified 111 the protocol (70 + 2 OF) The relatwe humidity 
range was 3X-61%; a target range was not specified m the protocol 

Diet 

Purma Certified Rodent Chow@ (5002) and deiomzed/filtered water were available, ad Irbrtm 
Analyses of the feed and water were not mcluded m the study report 

Matine 

No male breeder was used more than twice m any gwen dose group Prmr to breedmg, females were 
“primed“ m order to mcrease the hkehhood of successful mating A smgle male was placed in a wre 
mesh cage mslde the home cage of 10 females Forty-eight hours later, each female was caged overmght 
wth an individually caged male (I e , only one male and one female per cage). The females were 
considered to be fertlhzed if a copulation plug was present on the following mornmg The day on which 
a plug was found was designated gestatlonal day zero (gd 0). In addltlon to the mdwdually coded ear 
tags prewously attached to each mouse, sperm-positive females were assigned a dam number on gd 0 
Accordmg to the study report, all 154 sperm-positive females were within the weight range 20-35 g on 
gd 0, however, mdwdual ammal data were not prowded Actual weight ranges on gd 0 were prowded 
only for the 114 females confirmed pregnant at sacrltice (26-34 g). 

Study Design 

Dose Selection 

Dose levels were selected based on two prehmmary studies In the first study, blsphenol A suspended in 
corn 011 w’as admmistered by gavage in a volume of 10.0 mL/kg to 56 nonpregnant CD-l rmce (g/dose) at 
dose levels of 0, 120, 250, 500, 1000, 1500, or 2000 mglkgiday for IO days (days 6-l 5 of the study) 
Antmals were sacrificed two days after the last dose (day 17) The ammals were observed for mortahty 
or chnical signs at least once dally during the treatment period, and body weights were determmed on 
day 0, days 6-15, and day I7 (Immedmtely after sacrifice) Lwer weights were determmed on day 17 
after sacrifice. Ammals that died on study were subjected to gross necropsy to determme the cause of 
death. 

One 1000~mgikgiday mouse was removed from the study because It had not been dosed on day 7 The 
mortal@ rate was 0% (O/8), 0% (O/8), 0% (O/8), 0% (O/8), 0% (O/7), 75% (6/8), and 87.5% (718) at 0, 
120, 250, 500, 1000, 1500, or 2000 mg/kglday, respectively The most common clinical signs observed 
at dally observation were rough coat, chmcal weight loss. plloerection, and lethargy Other signs 
observed sporachcally Included ataxla, comatose behawor, dyspnea, chrping, bloatmg, hunched back, 
hyperactwty (ctrchng) after dosmg, and death There were no sigmficant effects on body weight, body 
weight gam, or hver wexght The 2000.mgikgiday group was not analyzed statistically because only one 
animal surwved. Problt analysis mdlcated that the oral LD,, for nonpregnant mice m this study was 
103 I mgikgiday. Doses were selected for the second prehmmary toxicity on the basis of these results. 

In the second study, blsphenol A suspended m corn 011 was admmlstered by gavage m a volume of 
IO 0 mL/kg to 86 tune-mated female CD-l mice (14-15idose) at dose levels of 0,250, 500, 750, 1000, 
and 1250 mgikgiday on gestatmn days 6-15 The dams were observed for mortahty or chmcal signs at 
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least once dally durrng the treatment period, and body weights were determmed on gd 0, gd 6-15, and 
gd 17. Ammals that died on study were necropsled to determine the cause of death At or following 
sawfice on gd 17, dams were evaluated for clm~cal signs of toxicity, body weight, liver weight, grawd 
uterme weight, and uterme contents (I e., implantation sites, resorption& dead fetuses, and lwe fetuses) 
Lwe fetuses were welghed and exammed for gross malformatmns Based on maternal mortality and 
other climcal signs of towcity through gd 17, dose selectIon for this prelmunary teratology study was 
considered adequate toJustIfy usmg the study as replicate I of the defimtive teratology study. Therefore, 
fetuses also were exammed for visceral and skeletal malformations 

Four dams were removed from the study: one 250-mgikglday dam and one 750-mgikgiday dam whose 
deaths were attributed to dosmg error (punctured esophagus) and two 1000~mgikglday dams who 
dehvered htters prior to schedules sacrifice on gd 17 The rates of maternal mortahty were 0% (O/14), 
0% (O/13), 14 3% (2/14), 7.7% (l/13), 7 7% (l/13), and 13 3% (2115) at 0,250, 500, 750, 1000, and 
1250 mgikgiday, respectwely The most common clmxal s!gns observed at dally observation were 
rough coat and weight loss Other srgns observed sporadically included lethargy, pdoerectlon, vagmal 
bleedmg, arched back, body sores, dyspnea, wheezmg, and death Maternal body weight on gd 15 and 17 
exhlb@ed a slgnlficant downward trend wth mcreasmg dose and a slgmficant overall effect for dose 
Maternal body vwght on gd 15 and 17 was slgmficantly lower than controls m high-dose dams 
Maternal weight gam dung gestation and treatment, absolute maternal wwght gam (I e : weight gam 
dung gestation minus grawd uterme weight), and gravid uterme weight exhiblted significant downward 
trends with mcreasing dose (despite the fact that values for these parameters actually mcreased at lower 
doses) and significant overall effects for dose The high-dose group (1250 mgikgiday) was slgnlficantly 
lower than controls for maternal weight gam durmg gestation and treatment, absolute maternal weight 
gam, and grawd uterme weight Maternal hver weight exhiblted an overall effect for dose wth the 250, 
500, 750, and 1000 mgikgiday groups significantly higher than the control group 

There were no effects on. the number of implantation sites per litter, the percent of resorbed, dead, 
nonlive, and affected fetuses per Iltter, the number of htters wth resorbed, dead, nonlwe, and affected 
fetuses, or the number of hve fetuses per htter Average fetal body weight per litter exhlblted a 
slgmficant downward trend wth mcreasmg dose and a significant overall effect for dose The high-dose 
group (1250 mgikglday) exhlbited slgmficantly lower average fetal body weight per htter compared to 
the control group There was no sigmficant difference in the mcldence of gross malformations in 
offspring of treated mothers. Gross malformations were observed m O/131,0/129, 01144, 11135, 5/I 19, 
and 1165 fetuses from the 0, 250: 500, 750, 1000, and 1250 mgikgiday groups, respectwely 

According to the study author, these resultsJustlfied the use of the second prelnnmary study as the first 
rephcate of the defimtwe teratology study, wth the exclwon of the 250 mgikgiday group This declslon 
was based on (1) apparent dose-related Increase in clmical signs wth mmimal ewdence of toxuty at the 
low dose (i.e , 500 mgikgiday). (2) si m Icant dose-related trends for maternal and fetal body weight g f 
parameters wth significant patrwse dlfferences from control m the high dose group but no sigmficant 
pawwse differences from the control in the low dose group; (3) no reduction a, live htter size, even at 
maternal and fetotoxlc doses, thus allowing the evaluation of an equwalent number of hve fetuses across 
dose groups; and (4) low enough maternal mortahty (13.3%) tn the high dose group to permit evaluatron 
of maternal and fetal toxicity at this dose Therefore, the doses for the definitive teratology study were 0, 
500,750, 1000, and 1250 mgikgiday 
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Our rev,ewers noted that the use of the second prehmmary study as the first rephcate of the defimtwe 
teratology study had been proposed m the cqmal study protocol and was appropriate 

Anmlal A~simvnent 

Plug-posmve females were randomly assigned to the dose groups indrcated m Table I osmg a procedure 
based on stratified body weight to ensure comparable group mean body w-qhts for each treatment group. 
The espermxntal design mvolved two rephcates 

Table I, Animal Assignment 

Number of Sperm-Positwe Females 
Dose (mgikgiday) 

Rephcate I a Replicate II b Total 

0 14 I5 29 

500 14 15 29 

750 14 I5 29 

1000 15 19 34 

1250 15 I8 33 1 

aGestatlona1 day 0 for Replicate I 8113-8116, 1982 
bGestational day 0 for Replicate II: 9/I O-911 5, 1982 

Admimstratlon 

All doses were admmlstered once dally by gavage, on gestation days 6 through 15, at a constant dose 
volume of 10 mL/kg of body weight/day. Although the dams were weighed dally prmr to dosing on 
gd 6-l 5, the study report does not specify that dosung was based on the most recent body weight 
determination 

Maternnl Observations 

Mortahtv/Climcal Observations 

The ammals were checked for mortality or chmcal signs at least once dally durmg the treatment period 
(at the time of dally dosmg) The study report mdlcates that animals were also observed for mortality or 
cluucal signs one hour and four hours post-dosmg, when staff schedulmg allowed. Clmical srgns were 
also recorded prior to sacrifice on gd I7 (p VII-2) 
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Bodv Weipht/Food Consumptmn 

Body weight data were recorded on gestation days 0, 6 through IS, and 17 (munedmtely following 
sacrifice) Non-pregnant animals were excluded from the analyses. Indwldual food consumption data 
were not determined 

Gross Patholoev/Cesarean ExalninatlollsiOrgan We&s 

Ammals that died between gd 0 and gd I7 were subjected to a gross necropsy to determme the cause of 
death Accordmg to the study report (p, 3 I), survwmg dams were sacrificed on gd 17 (cervical 
dlslocatlon) and evaluated (ante-mortem) for chmcal signs of toxicity. body weight, liver weight, gravid 
uterme weught, total number of corpora lutea, and status of uterme implantations (I e , unplantatlon site, 
resorptlons, dead fetuses, and live fetuses) Appendix VII further indicated that any Internal 
abnormalltles observed durmg dlssectlon were noted, and affected tissues, if any, were removed, labeled, 
preserved m 10% neutral-buffered formalm, and placed in storage (p VII-2) Maternal kidneys and lwers 
were welghed and similarly fixed/stored m formahn The uteri of dams wth no apparent Implants were 
treated wth a solutlotl of 10% ammonun sulfide m order to wsualize possible Implantation sites The 
wable fetuses were dissected from the uterus and Immediately placed on a moist paper towel on a tray of 
ice Accordmg to the study report, this procedure mduces anesthesia by lowering core body temperature 
below 25 “C lndlwdual hve fetuses were weighed and sexed 

Hlstooatholog,y 

Histopathology exammatlons were not conducted in this study 

Fetal Obscrvdons 

External Exammatlons 

All wable fetuses were exammed macroscopically for any external abnormalities as detalled m 
Appendix VII 

Visceral Exammations 

Usmg the Staples’ fresh tissue dissection method, all hve fetuses were examined for wsceral 
abnormahtles as detaded in Appendix VII. Prior to dissection, half of the fetuses were decapitated, the 
heads were fixed m Boum‘s solution for free hand sectlonmg and exammatlon. 

Skeletal Examinations 

All fetal carcasses (50% without heads) were exammed for skeletal abnormalities following fixation wth 
Ahzarm Red S stain as detaIled m Appendix VII Rare or difficult to describe malformations were 
photographed or sketched 

7 



Dn,n Analysis 

w 

No mdlces were calculated 

Statlstlcal Evaluation 

Data for all measures were pooled auoss replicates and analyzed parametrically or non-parametrically, as 
appropriate Maternal weight data (body weight, body weight gala, gravid uterine weight, and absolute 
and relative liver weight) and per htter data (Implantation sites per htter, % resorptlons per htter, % dead 
fetuses per htter, % nonllve implants per litter, % affected fetuses per htter, llve fetuses per Iltter, average 
fetal weight per htter, average male fetal weight per Iltter, average female fetal weight per lmer, % males 
per litter, % male fetuses malformed per litter, % female fetuses malformed per htter, and % fetuses 
malformed per I~tter) were evaluated usmg parametric techniques Litter dewed percentage data 
(% resorptlons per htter, % dead fetuses per litter, % nonlwe nnplants per htter, % affected fetuses per 
htter, % males per htter, % male fetuses malformed per htter, % female fetuses malformed per litter, and 
% fetuses malformed per htter) were first subjected to arcsme-square root transformation Bartlett’s test 
for homogeneity of variance was conducted on all data to be analyzed usmg parametric tecbmques. The 
study report Indicates, however, that Bartlett’s test was not used to dcclde whether analysis of vartance 
(ANOVA) procedures should be used on selected data (page 45) A hvo-way ANOVA (dose x rephcate) 
was used to determme whether significant dose effects. replicate effects, or dose x rephcate mteractlons 
had occurred in any of the parameters hsted above. For maternal body weights or weight gam measures, 
a three-way ANOVA (dose x rephcate x day) was used If no sigmficant dose effect was observed m the 
two-way ANOVA. In addltlon, average male and female fetal body weight per litter and percent males 
and females malformed per litter were evaluated usmg a three-way ANOVA (dose x rephcate x sex) to 
test for slgnlticant effects of sex The Linear Trends Test also was conducted on all data analyzed by 
ANOVA to determme the slgmficance of the dose-response relatlonshlp When ANOVA indicated 
significant (p<O 05) effects for dose, Wllhams’ and/or Dunnett’s MultIpIe Comparison Test was used to 
compare mdwldual treatment groups to the control group A one-talked test was used for all parameters 
except measures of maternal body and organ weight, fetal body weight, and percent males per htter for 
which a two-talled test was used When slgnrficant (p<O.O5) repbcate effects or dose x replicate effects 
were noted, data were further analyzed for dose effects separately for each replicate of the study usmg a 
one-way ANOVA, Lmear Trend Test, and WIlllams and/or Dunnett’s MultIpIe Comparison Test 
Nommal scale measures (number of htters wth resorpttons, number of 11tters with dead fetuses, number 
of htters wth nonlive implants, number of htters wth affected fetuses, number of htters with gross 
malformations, number of litters wth wsceral malformations, number of htters wnh skeletal 
malformatmns, and number of htters with malformations) were analyzed using non-parametrlc 
techmques The Ch-Square Test for Independence was used to assess differences among treatment 
groups. When Ch-Square mdlcated significant (p<O 05) differences among treatment groups, a one- 
tailed Fisher’s Exact Test was used to compare mdwdual treatment groups to the control group When 
significant (p<O 05) replicate effects or dose x replicate mteractlons were noted for parameters analyzed 
by ANOVA. associated nommal scale data were further analyzed for dose effects separately for each 
rephcate of the study 
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Archwe 

Copres of the final study report, the orlginal study data sheets, work sheets, and computer prmtouts 
generated m the statistical analysts of data, and all biologIcal samples were stored at RTI Copies of the 
final report also were provided to the National Center for Toxrcological Research The study report 
mdicates that records were to be mamtamed m accordance wth the FDA GLP regulations for Nonclm~~al 
Laboratory Studies (1978) The data and reports were to be retamed in storage for a mimmum of two 
years The chemical and blologul samples were to be retained m storage for a minimum of two years or 
“for as long as the quality of the preparation affords evaluation,” (narratwe, p. 37) whxhever was less 

CriticalApprnisnl of the Protocol nnd Study Design 

A protocol was mcluded m the study report Overall, the study was adequately designed, and the study 
personnel were clearly mdxated in the protocol (page 28) and study report (pages 35-36) 

Our rewewers noted several dcficlencles m the study design wth respect to the test artlcle and vehicle 
Specifically, the storage conditions at RTI and the explratlon date of the test article were not prowded. In 
addltron, the lot/batch number, pwty, stablltty, and explratlon date of the vehicle were not provided 
Although the homogeneity and stab&y of sample dosmg solutlons were evaluated by the suppher 
(MIXI): the actual dosmg solutions were not analyzed for homogeneity or stablhty under the storage 
condltlons used at RTI Degradation of the test article or the vehicle prior to preparation of the dosmg 
solutions or degradation of the dosmg solutions prior to admmlstratlon could have affected the study 
results However, test altlcles samples from RTI were comparable to frozen reference samples 
maintamed by the supplw (MRI) In addltlon. analysis of samples of the corn oil used to formulate each 
dosmg suspenslon did not reveal any peroxldes (an indicator of rancldlty). Finally, pre-dosing and post- 
dosmg analyses of the concentrations of the dosmg formulations ylelded values that were wthm the 
range of 90-I 10% of nominal Therefore, our rewewers concluded that the integrity of the study was not 
affected by these deficlencles 

Our rewewers also noted several deficiencies m the study design with respect to the test animals For 
example, the age of the ammals at matmg was not specified m the study report The use of animals that 
are too young or too old could alter reproductive parameters. The study report indicated that males were 
IO-12 weeks of age and females were 8-10 weeks of age upon arrwal at the testmg faclhty, however, the 
protocol mdlcated that both males and females were to be S-10 weeks old upon arrival The age at 
matmg could not be determined despite the fact that gd 0 dates were provided because the arrival date of 
the ammals was not prowded. The lack of information on the exact age of the ammals at mating 1s 
partularly problematic due to the use oftwo rephcates for the defimtlve teratology study Unless two 
separate shipments of animals were recewed, the ammals m replicate II would have been about one 
month older than the ammals m rephcate I Although the study report did not specify that two shipments 
were recewed, this posslblhty seems hkely due to the number of ammals in the uutlal shipment 
compared to the number of animals reqwed The study report indicated that 210 female CD-l mice were 
received from the breeder and used for the prehmmary range-findmg studies and the defimtive teratology 
study, however, accordmg to the data tables, 56 nonpregnant females were assigned to the first 
preliminary study, 86 plug-posltwe females were assigned to the second preliminary study (which 
became replicate I of the defimtwe teratology study), and 82 plug-posmve females were assigned to 
replicate II of the defimtive teratology study (I e , a total of 224 females). A second group of animals 
could have been used for replicate II of the study These deficiencies and dlscrepancles may be an 
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mdlcatmn of mcomplete data audit, mcomplete quahty control, or mcomplete quahty assurance rewew 
Nevertheless, they are considered by our rewewers to not have affected the mterpretatlon of the study 
results 

Our reviewers also noted several deficiencies m the study design with respect to ammal husbandry In 
particular, the females were group-housed rather than housed mdwdually Standard toxicity testmg 
guldelmes suggest that females should be smgle-caged except during mating In addition, the study 
report did not Include analyses of the ammal diet and water for levels of contammants. Although control 
and treatment ammals presumably would have been exposed equally to any contammants present m the 
diet and water, there 1s a potential for syncrglstic effects between potential contaminants and the test 
article. 

One detiuency was noted by our reviewers regardmg admmistration of the dosmg solutions The body 
weight determination on whxh dosmg was based on was not specified Dosmg is assumed to have been 
based on the most recent avadable body weight, and the animals were weighed daily during the treatment 
period. 

Our reviewers also noted several defiuenctes m the study design regardmg maternal toxicity parameters 
Specdically, dams were checked for mortality and clinical signs of toxicity at least once daily prior to 
dosing The study report mdlcates that ammals were also observed for mortality or chmcal signs one 
hour and four hours post-dosing, when staff scheduling allowed The study results did not Indicate when, 
or If, these addltlonal daily checks were made Nevertheless, standard toxuty testmg gmdelmes suggest 
that dams should be observed a mmlmum of twce daily for mortahty and clmlcal signs. In addltlon, 
food consumption data were not recorded in this study Potential effects 011 maternal body weight could 
result from either a direct toxic effect of blsphenol A or from a decrease in food consumption due to the 
irritant properties of blsphenol A. Accordmg to the study report, weight depresslon m previously 
conducted chrome studies was attributed to sigmficantly reduced food consumption (page 17) 

Fmally, our rewewers noted defuencies in data reportmg Specifically. mdwldual ammal data were not 
mcluded m the study report for the followmg parameters daily observations of dams for mortality and 
climcal signs, maternal body weight measurements, maternal organ weight determinations (grawd uterme 
weight and hver weight), gross necropsy findings, and all reproductwe parameters (total number of 
corpora lutea, implantation sites, resorptlons, dead fetuses, and hve fetuses as well as fetal sex and fetal 
body welght) This lack of indtwdual ammal data for these parameters precludes verificatlonivahdatton 
of the correspondmg results reported. 

STUDY RESULTS 

Mafernnl Ohservntions 

Mortahtv and Clinical Observations 

Two dams were removed from the study followmg accldental puncturmg of the esophagus dung dosmg 
(one 500.mglkgiday dam and one 750mgikgiday dam), and two dams were removed because they 
delwered their pups prior to scheduled sacrltice (both m the 1000 mgikglday group) All the removals 
occurred m Replxate 1. The maternal mortality rate was 0% (O/29), 7 1% (2/28), 3.6% (l/28), 6 3% 
(2/32), and 18 2% (6133) for the 0, 500, 750, 1000, and 1250 mgikgiday groups, respectively 
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Clm~cal signs observed ,n the 500, 750, 1000, and 1250 mgikgiday groups durmg the treatment permd 
were lethargy (500, 1000, and 1250 mgikgiday only), plloerectmn, rough coat, vagmal bleedmg (500, 
1000, and 1250 mgikgiday only), cl~mcal weight loss, and death Other signs observed sporadically m 
the 500, 750, 1000, or 1250 mgikgiday groups mcluded: arched back, vocahzatlon, alopecia, wheezmg, 
bloatmg, coughmg, and dyspnea Rough coat and weight loss also occurred sporadically 111 the vehicle 
control group 

Bodv Weight 

Maternal body weight data are provided m Table 2 On gd 0, gd 6, and gd 1 I, there were no slgnlficant 
dose effects on maternal body weight Maternal body weight on yd 15 and on gd 20 exhIbIted a 
significant downward trend with respect to increasing dose and a sigmficant overall effect for dose 
Slgnlticant differences from the control group were noted in the 1250-mgikglday group at both 
observattons In addltlon, a slgnlficant mam effect for replicate was observed maternal body weight on 
gd 0 (p < 0 0001 ) and maternal body weight on gd 6 (p = 0.0178) There were no dose x replxate 
mteractlons 

Maternal body weight gam data are provided m Table 3 Maternal wwght gam durmg gestation and 
treatment exhibited a slgmficant downward trend wth respect to mcreasing dose and a sigmticant overall 
effect for dose (P<O 001) Significant differences from the control group were noted m the 
1250~mgikglday group for both parameters There was a slgmficant dose effect on absolute weight gain 
(p = 0 0187). however, no slgmficant pairwise differences between treatment groups and the control were 
found There were no significant replicate effects or dose x replicate mteractlons for any maternal body 
weight gam parameters 
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Table 2 Mean Maternal Body Waght During Gestatmn (g)a 

0 
@kg/day 

CD0 MEAN 2936 
SEM. 034 
N 26 

GD6 MEAN 3195 
S.E M 032 
N 26 

GD 11 MEAN 35 63 
S E M. 0.36 
N 26 

GD 15 MEAN 43.5877 
SEM 0 53 
N 26 

GD 20 MEAN 49.15’ri 
SEM 0 86 
N 26 

500 750 1000 1250 
mgikgiday mglkgiday mgikgiday mglkgiday 

29.21 2929 2951 29 82 
036 032 0.34 036 

23 21 23 21 

32.30 3249 32.59 3212 
0.40 030 041 0 43 

23 21 23 21 

36.60 36.88 3619 35 16 
055 050 058 012 

23 21 23 21 

44.54 4495 4196 39.29* 
0 98 0 77 1 12 1 29 

23 21 23 21 

5102 5002 4765 43.29* 
1.33 1 04 154 2 15 

23 21 23 21 - 
aDams that were not pregnant at sacnfice, that drsd, or that were otherwise removed from the study 
were not included m body weight calculatmns 
:tSlgnli%ant dose-related downward trend (~‘0 01) 
*Slgmficantly different from control, Dunnett’s Test (P~0.05) 
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,atl,e , Mea” ,v,aterna, aooy wagnr ual” vunng ucsLau”II (g,” 

0 500 750 1000 1250 
mglkglday mgikgiday mglkgiday mgikgiday mgikgiday 

Gestatmn MEA 19.78it 21.80 20 73 18.08 13 41* 
(gd O-20) N 0 88 118 101 1.59 2 07 

SE.M. 26 23 21 23 21 
N 

Treatment MEA 11 63tti 1224 12 46 9 37 6 51* 
(gd6-15) N 0 45 0 84 0.72 I 1.0 1 15 

S.EM 26 23 21 23 21 
N 

Absoluteb MEA 4 92 6 19 5 97 4.65 3 51 
N 038 0.47 0 77 0.75 0 69 
S.EM 26 23 21 23 21 
N 

aDams that were not pregnant at sacrifice, that died, or that were otherwse removed from the study 
were not mcludcd in body weight calculations 
bWelght gam dung gestatlon mmus gravid uterine weight 
?tSlgniticant dose-related downward trend (p<O.Ol) 
ttt%gnificant dose-related downward trend (~‘0 001) 
*Slgmficantly different from control, Dunnett’s Test (Pi0 05) 

Food Consumatlon 

Food consumption data were not recorded m this study. 

Maternal Necroosv Fmdmgs 

According to Table 14 rn the study report (p 87), the followmg clmical signs were among those observed 
on gd 17: cysts around ovary (or ovaries), pale kidney (s), larger than normal gall bladder, fluld-filled 
cyst(s) on the kidney(s), pale Iwer, kidney capsule filled wth yellow fluid, and enlarged 
kldneyihydroureter. There was no apparent relationship to treatment. The nature of these reported 
clm~cal signs, however, suggests that they were observed during the dlssectlon following sacrifice. 
Plloerection, rough coat, and vaginal bleedmg, which also were noted as clinical signs on gd 17 m the 
study report, may have been observed prior to sacrifice and oecropsy Animals that died on study were to 
have been necropsied, however. these findmgs were not Included m the study report 

Reproductwe ParametersiOrean Weights 

Data on reproductive parameters and organ weights are provided in Table 4. The number of corpora iutea 
per dam exhIbIted a sigmficant dose-related downward trend, however, there were no significant 
dlfferences among treatment groups 111 the ANOVA and no slgoificant pairwise dlfferences between 
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treatment groups and the control group There was a sq&icant dose-related upward trend and 
significant overall effect for dose m the percent of resorptmns per litter and the percent of nonhve fetuses 
per Iltter, wth the high-dose group slgmficantly greater than control values m parwIse comparisons for 
both parameters There were no significant effects on the number of implantation sites per litter, the 
prennplantatmn loss percentage, or the percent of dead fetuses per litter. 

A dose-related downward trend and an overall slgmficant effect for dose was observed for fetal body 
weight, and average fetal body weight per litter in the hlgh-dose group was sigmficantly lower than the 
control group These effects were present when male and female fetuses were considered separately. No 
slgmficant effects were observed wth respect to the number of hve fetuses per htter and the percent of 
male fetuses per htter 

A slgmficant dose-related decrease in grawd uterme weight was observed This parameter also exhIbIted 
a slgmficant overall effect for dose wth the high-dose group significantly lower than control values 
Maternal hver weight was slgmticantly greater m the 500, 750, and IOOO-mgikgiday groups (but not the 
1250~mglkgiday group) compared to the control group. The effect of blsphenol A treatment on hver 
weight did not exhibit a dose-related trend An overall effect for dose and a sigmficant dose-related 
upward trend were noted for relatwe lwer weight All treatment groups were significantly greater than 
the control group m panwse comparisons 

Our rewewers consider the lack of increase in absolute lwer weight m the high-dose dams to be 
cowstent wth the decreases III maternal body weight and body weight gam seen in this group We note 
that liver weight depends on food Intake and body weight and that the increases in relatwe lwer weight m 
all the bisphenol A-treated females were consistent with a treatment-related effect on the maternal Iwer at 
all doses exammed 

Subiects 

Table 4. Reproductwe Parameters and Organ Welghtsa 

0 500 750 1000 
mg/kg/day mg/kg/day mgikglday mg/kg/day 

1250 
mg/kg/day 

Number Treated 

Number Removed 

Number Dead 

Number (%) 
Pregnant at Sacrifice 

29 29 29 34 33 

0 lb lb 2c 0 

0 2 I 2 6 

26 (89.7) 23 (88.5) 21 (77 8) 23 (76.7) 2 1 (77 8) 

All Litters 

Number of Litters 

Number of Corpora 
Lutea LXX Dam 

I 

26 23 21 23 21 

Mean 1 I 88d?t I I 77e 11 84d I o.od 9 16d 
SEM 0.40 0 74 051 0 86 I I5 
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Number of 

Percent Resorptmns 

Percent Dead per 

Percent Nonlwe per 

Lwe Litters 

Number of Litters 
wth Lwe Fetuses 

25 

Number of Lwe Meall IO 16 
Fetuses per Lltterg SEM 0 47 

Percent Male MeaIl 51 43 
Fetuses per Litter SEM. 3 32 

Average Fetal Mean 0 955w 
Weight (g) per S.E M 0016 
Lltterg 

Average Male Fetal Meal? 0 964TT 
Weight (g) per S E.M. 0.021 
Lltterg 

Average Female MeaIl 0 939yI 
Fetal Weight (g) per SEM 0019 
Lltterg 

ll 5s 10.67 
0.52 0.71 ---I- 5 1.40 47 88 
3 38 3 02 

0 943 0 943 
0.022 0 035 

0.964 0 959 

I 
0 023 0.037 

0.922 0 919 
0 021 0 033 

20 14 

II 20 10.93 
0 46 0 77 

52 54 50 02 
3.67 3 48 

0 869 0 X20* 
0 036 0 029 

0.880 0 824* 
0038 0031 

0 859 os1s* 
0.035 0 026 
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Maternal Lwer 

Relatwe Maternal 

Qams that were not pregnant at sacrifice, that died, or that were otherwse removed from the study 
were not included 
bone dam was removed following deat.h due to dosing error 
CTwo dams were removed because they delivered pups prior to sacrifice on gd 17 
dNomber of corpora lutea for two dams was Inadvertently not recorded. 
eNumber of corpora lutea for one dam was madvertently not recorded 
fNoionlive mcludes both dead and resorbed fetuses. 
glncludes only dams wth live fetuses. 
hGrav,d uterine weight for one dam was Inadvertently not recorded 
lLwer weight for one dam was incorrectly recorded and therefore not included, 
?Slgnificant dose-related trend (p<O 05) 
tKSlgnlticant dose-related trend (p<O.Ol) 
?tiSlgnlficant dose-related trend (p<O.OOl) 
*Slgnlficantly dlfferent from control, Dunnett’s Test (p<O 05) 
#Slgmficantly different from control, Williams’ Test (p<O.OS) 
##Significantly different from control. W~lhams’ Test (p<O 01) 

Slgnlficant rephcate effects occurred for the number of implantation sites per htter (p = 0 OOSO), the 
number of live fetuses per litter (p = 0 0223), and average fetal body weight per htter (p = 0 0048) 
Average fetal body weight per litter also exhibited a slgmficant maul effect for sex (p = 0 0005); males 
fetuses were heawer than female fetuses 

The prermplantation loss percentage and maternal hver weight exhIbIted slgmficant dose x rephcate 
mteractlons Therefore, these parameters were analyzed for dose effects by replicate These results are 
presented in Table 5 In rephcate II, preimplantatlon loss percentage exhibited a slgnificant effect for 
dose, but only the 750.mgikgiday group was slgmticantly different from control values in parwIse 
comparisons. The study author noted that two ammals m the 750-mgikgiday group “exhIbIted a wde 
dlsparlty between the total number of corpora lutea and the total number of lmplantatlon sites” (narrative, 
p 44) and further suggested that these two animals accounted for the sigmficantly increased 

16 



prelmplantatmn loss percentage m that group There were no slgnlficant effects on preimplantation loss 
percentage in replicate I 

Slgmficant differences among treatment groups were noted for maternal lwer weight m replicate I, 
however, these differences did not exhibit a dose-related trend PaIrwise comparisons of the replicate I 
groups to the control group revealed that the SOO-, 750- and IOOO-mgikglday groups were slguiticantly 
Increased, whereas the 1250-mgikglday group was slgmficantly decreased There were no slgmficant 
differences among treatment groups m replicate II although a slgmficant dose-related upward trend was 
observed. As dwxssed prewously, our rewewers consider the lack of mcrease in absolute lwer weight m 
the high-dose group to be consistent with decreases m maternal body weight and body weight gam seen 
m this group 

Table 5 Analysis by Replicate of Reproductwe and Organ Weight Parameters that ExhibIted 
Dose by Replicate Interactions 

Rephcate 0 500 750 1000 1250 
mgikgiday mgikgiday mgikgiday mgikgiday mgikgiday 

Prelmplantatmn Loss Percentage 

I MEA 3 42 I .82 0 79 0 00 1.87 
N I 81 1.30 0.79 0.00 1 24 
SEM I1 I1 9 8 8 
N 

11 MEA 2 OO:[ 3 80 1876* 2.41 0 76 
N I 08 2 51 7 30 I 79 0.76 
SEM I3 11 IO I3 II 
N 

Maternal Liver Weight(g) 

I MEA 2 57u.f 3 23*# 2.94# 3 ol*# 2.5 I# 
N 0 04 0 07 0 14 0 15 0 I3 
SEM I2 II 11 IO 9 
N 

II MEA 2.72t 2.82 3 24 3 01 3.10 
N 0 08 0 13 0.16 0.20 0.15 
SEM 14 11 10 13 II 
N 

iS!gmficant dose-related upward trend (p<O 05) 
SSlgnificant difference among dose groups (p<O 05) 
:f:Significant difference among dose groups (p<O 001) 
*Slgmticantly different from control, Dunnett’s Test (P<O.O5) 
#Slgmficantly different from control, Wllllams’ Test (p<O 05) 
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Histouatholoev 

Tissues were not exammed hlstologlcally 

Fetd Observations 

The results of analyses of selected fetal parameters are shown m Table 6 The percent of fetuses 
malformed per litter, percent of male fetuses malformed per litter, and percent of female fetuses 
malformed per litter were comparable among treatment groups. There were no significant rephcate 
effects for these parameters 

Table 6 Summary of Fetal Observatmns 

Fetuses Malformed 

aOnly lwe fetuses were exammed for malformations. 
bOnIy htters wth hve fetuses were included 

Fetal External Exammatlon 

The occurrence of external malformations was not evaluated statistically In total, external 
malformations were observed m two 500.mgikg/day fetuses (two litters), two 750~mgikgiday fetuses 
(two litters), eleven lOOO-mgikgiday fetuses (one litter), and four 1250-mgikgiday fetuses (three litters); 
there were no external malformations m control fetuses. Grossly observed changes occurred sporadically 
and Included cleft palate, exencephaly, gastroschlsls, and ectocardla (heart outslde body cavity). The 
total fetal and litter incidences of external variations were not provided, nor were the varrations reported 
dlwded mto external, visceral, and skeletal categorws External varlatlons included hematomas (tail, 
head, face, lower limb, neck, back, and thorax), open eye(s), and blood m the ammotic sac. 
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Fetal Visceral Exammation 

The occurrence of visceral malformations was not evaluated statlstlcally In total, visceral 
malformations were observed in five control fetuses (four htters). three 500~mgikgiday fetuses (two 
htters), one 750.mgikgiday fetus, four IOOO-mgikgiday fetuses (two Iltters), and one 12500~mgikgiday 
fetus. Enlarged epidldymis, enlarged uterme horn, enlarged aur~cular flaps, extra vessel, kidneys half of 
normal sze, and hydrocephaly were the reported findmgs The total fetal and litter incidences of visceral 
varlatlons were not provided, nor were the varlatlons reported divided into external, visceral, and skeletal 
categories Visceral variations included very soft kidney tissue, cream colored hver lobe(s), distended 
ureter(s), and white spots m the left ventricle 

Fetal Skeletal Exammatlon 

The occurrence of skeletal malformations was not evaluated statistically In total, skeletal 
malformations were observed m two control fetuses (two litters), two 500mgikgiday fetuses (two litters), 
one 750mgikgiday fetus, three 1 OOO-mgikgiday fetuses (two htters), and seven 1250~mgikgiday fetuses 
(three Iltters) Mlssmg rib, ribs fused to each other, thoraclc centra off center, fused sternebrae, 
misshapen skull. missmg thoraclc arch, and short rib were the most common findmgs. The total fetal and 
litter mcldences of skeletal varlatlons were not provided, nor were the variations reported dlvlded into 
external. visceral, and skeletal categories. Skeletal variations included mtsaligned sternebrae, blpartlte 
centra, extra osslficatlon We(s) on the sternum, Incomplete osslficatlon of the pelvic girdle, wavy rib, and 
frontal and parletal bones fused on lateral edges 

ASSESSMENT 

The purpose of this study was to evaluate the toxic and teratogenic effects of the test material 
(blsphenol A) admmlstered orally to pregnant mice during the pertod of organogenesis (gestation 
days 6-15) The deficiencuz and deviations m expenmental design were discussed above. The lack of 
food consumption data IS the major deficiency noted by our reviewers The effects on body weight 
observed m the dams may have been due to a treatment-related decrease m food consumption However, 
our reviewers comment that the study data clearly mdlcate that high doses of blsphenol A are toxtc and 
are associated with an approximately 18% mcrease in mortahty as well as effects on hver weight In 
contrast, at lower doses of the test art!&, decreases m food consumption might explam decreases m body 
weight Our reviewers noted that other study design deficlencles were not hkely to have affected the 
study results 

CONCLUSIONS 

The administratlon of the test artrcle, blsphenol A, resulted m 7.1, 3 6, 6.3, and 18 2% mortality for the 
500, 750, 1000, and 1250 mgikgiday groups, respectively The high-dose group exhIbIted significant 
decreases in body weight on gd 15 and 17; body weight gain during the treatment period (gd 6- 15) as 
well as the enme gestation period (gd O-17), and graved uterus wetght Significantly increases m 
maternal hver weight occurred m the 500, 750, and 1000 mgikgiday groups, but not m the 1250 
mgikgiday group However, relative maternal hver weight was slgmficantly Increased in all treatment 
groups compared to the control The study author Indicated that the hver weight effects may be 
mdicative of hepatotoxiclty and further noted the hepatotoxlc findmgs of a prevmus NTP carcmogeniclty 
assay The high-dose group exhIbIted a slgmficantly Increased percent of resorptlons and nonllve 
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Implants per htter as well as statistically mslgnlficant decreases in corpora lutea The average body 
weight of fetuses from the high-dose group also was significantly reduced. There were no effects on any 
other reproductwe parameters or on the percent of fetuses malformed per htter Our reviewers note, 
however, that the maternal body weight effects can not be clearly attributed to the direct toxic effect of 
bisphenol A m the absence of food consumption data Nevertheless, the LOAEL for maternal toxuty IS 
500 mgikgiday based on liver weight effects, no maternal NOAEL can be estabhshed Our reviewers 
also note that the embryotoxlc and fetal toxic effects observed in the high-dose group (i e., increased 
resorptlons and nonlive Implants and decreased fetal body weight) could have been secondary effects of 
the maternal toxuty that occurred in that dose group (I.e., decreased body weight and weight gam). 
Accordmg to standard toxuty testmg gwdelmes, however, It should be assumed that developmental 
effects that occur 111 the presence of mmlmal maternal toxuty are evidence of developmental toxuty 
Therefore, the LOAEL for developmental toxuty IS 1250 mglkgiday based on increased resorptions and 
nonlwe nnplants as well as decreased fetal body weight, the NOAEL for developmental toxicity 1s 
1000 mgikgiday 

EXECUTIVE SUMMARY 

In a developmental toxuty study, blsphenol A m corn 011 was admmistered to mated female (COBS) 
CD-10 (ICR)BR outbred albino mice (29-34idose) by gavage at dose levels of 0, 500, 750, 1000, or 
1250 mgikgiday from days 6 through IS of gestation Mortality occurred m 7.1, 3.6, 6 3, and IS 2% of 
dams m the 500, 750, 1000, and 1250 mgikglday groups, respectwely The hrgh-dose group exhIbIted 
sigmticant dose-related effects on maternal body weight (gd 15 and gd 17), body weight gain (gestation 
and treatment), and grawd uterine weight. Because food consumption data were not recorded, it 1s 
unclear whether these body weight effects are the result of direct bisphenol A toxicity or the result of 
treatment-related decreases m food consumption A slgmficantly mcreased maternal lwer weight 
occurred m the 500, 750, and 1000 mgikgiday groups, but not m the 1250 mgikgiday However, relative 
maternal lwer weight was slgnlficantly Increased III all treatment groups compared to the control The 
high-dose group exhIbIted a slgmficantly mcreased percent of resorptlons and nonlwe Implants per htter 
The average body weight of fetuses from the high-dose group also was slgmficantly reduced There were 
no effects on any other reproductwe parameters or on the percent of fetuses malformed per htter 
Therefore, the LOAEL for maternal toxlclty is 500 mgikgiday based 011 lwer weight effects, no maternal 
NOAEL can be established The LOAEL for developmental toxuxty IS 1250 mgikgiday based on 
mcreased resorptlons and nonlive implants as well as decreased fetal body wetght, the NOAEL for 
developmental toxuty 1s 1000 mglkgiday 
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Append i x  A . Da ta  Va l i da t i on  

Tera to log ic  Eva lua t i on  of B i s pheno l  A  ( C A S  No.  80 - 05 - 7 )  
Adm in i s t e r ed  to CD- l  M ice  o n  Gesta t i ona l  Days  6  t h r ough  1 5  (NTP -85 - 088 )  

I. A N IM A L S  F O L L O W E D  T H R O U G H O U T  T H E  S T U D Y  

T h e  l n m te d  n a tu r e  o f th e  d a ta  p r o v i d ed  fo r  md i v i d ua l  a m m a l s  i n  th e  s tudy  p r e c l u d ed  th e  h a d i tlo n a l  
r a n d o m  r e v ~w  th r o u g h o u t th e  study.  l nd i v l dua l  d a ta  we r e  p r o v i d ed  m  T a b Ie  1 9  (Ma l f oma tmns  a n d  
Va r i a t i ons  E x h Ib i ted )  a n d  A p p e n d i x  IV  ( m a te r na l  w e i g h t g a m  d u r m g  t rea tment  a n d  g e s ta tion ) ,  b u t th e r e  
we r e  n o  m e a n s  by  wh i c h  to  va l l da te  th e s e  d a ta . 

II. CRIT ICAL  E F F E C T S  A N D  S P O T C H E C K S  

A  compa r i s o n  o f th e  s tudy  M a te r ia ls  a n d  M e th o d s  sec t l on  to  th e  s tudy  P ro toco l  was  d o n e . T h e  imt la l  
P ro toco l  was  a m e n d e d  as  n o te d  i n  A p p e n d i x  I, A m e n d m e n t 1  o f th e  study.  T h e  P ro toco l  ca l l ed  fo r  
ma l e s  a n d  fe m a l e s , a p p r o x ima te ly  6 - 1 0  weeks  o f a g e  u p o n  ar r iva l .  T h e  M a te r ia ls  a n d  M e th o d s  sec t i on  
n o te d  ma l e s  to  a m v e  b e tween  1 0 - 1 2  weeks  o f a g e  a n d  fe m a l e s  a r r i ved  a t X - 1 0  weeks  o f a g e . In  a d d i tio n , 
th e  P ro toco l  ( S e & o n  9 .2 )  ca l l ed  fo r  a  p rob i t  ana l ys i s  o f m a te r na l  m o r ta l@  th r o u g h  g e s ta tio n a l  d a y  1 7  fo r  
th e  P r ehm i na r y  Tozuc i ty  S tu d y  II wh i c h  was  n o t d l scussed  i n  th e  m a te r ia ls  a n d  m e th o d s  s & Io n . It 
s h ou l d  a l so  b e  n o te d  th a t th e  d a ta  co l l ec ted  m  th e  P re l imma ry  Toxic i ty S tu d y  II we r e  u s e d  as  Rep l i ca te  I 
fo r  th e  Te ra to l ogy  S tu d y . 

T h e  l im ite d  n a tu r e  o f th e  d a ta  p r o v i d ed  fo r  md l v i d ua l  a m m a l s  i n  th e  sh i dy  rest r ic ted th e  v a h d a tio n  o f 
m e a n  va lues ,  mc l d e n c e  rates, a n d  stat ist ical  ana l yses .  T h e  s u m m a r y  d a ta  (Tab l e  1 2 )  fo r  M a te r na l  W e ight  
G a m  d u r m g  g e s ta tio n  a n d  t rea tment  ( da ta  fo u n d  m  A p p e n d i x  IV ) we r e  c h ecked  fo r  a l l  f ive d o s m g  g r o u p s  
(0,  5 0 0 ,7 5 0 , 1 0 0 0 , a n d  1 2 5 0  mg i k g /day )  a n d  n o  mcons i s t enc l es  we r e  fo u n d . U s m g  th e  fe ta l  
m a l fo r m a tio n  a n d  v a n & i o n  d a ta  p r o v i d ed  (Tab l e  19 ) ,  a  s p o tcheck  o f th e  s u m m a r y  mc i d e n c e  ra tes  (Tab l e  
1 8 )  s h o w e d  n o  mcons&enc l e s . 

III. F INDINGS 

T h e  s ta ted  fin d i n g s  o f th e  s tudy  a p p e a r  to  b e  accu ra te l y  re f lec ted i n  th e  d a ta  p rov i ded .  T h e  dev l a t l ons  
f r om th e  p ro toco l  d o  n o t a p p e a r  to  e ffect  th e  vahd l ty  o f th e  s tudy  resul ts.  T h e  h m i te d  amo l i n t  o f 
md i v l d ua l  a m m a l  d a ta  ac tua l l y  p r e s e n te d  d i d  n o t a l l ow  fo r  a  c o m p l e te  a n d  r a n d o m  va l i da t i on  e ffort. 
E v e n  so,  th e r e  a p p e a r s  to  b e  n o  r e a s on  to  d o u b t th e  va l id i ty  o f th e  s tudy  resul ts.  

/ S i d $ h a  Pa rke r ,  B  A . 
,/,/,o  

D a te  
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