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Mary E. Shackelford, Ph D. 
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Subject Acceptance of Final TDERs for studies reviewed under contract with ICF 
Consulting (Contract Number 223-96-2302) for Food Additive Master File No 
580 under Work Assrgnment 2000-20 (ICF 020) Tasks Number I,2 and 3 

TO Food Additive Master Frle 580 

Through Michelle Twaroskr, Ph.D. 
Team Leader, Toxrcology Group 1, DFCN 

Following the Agency’s mstructions, ICF Consulting, the contractor, has generated 
comprehensive Toxicologrcal Data Evaluation Reports (TDERs) for the studies which arc 
listed below. Dr. Mary E Shackelford has reviewed and accepted the final TDERs for Work 
Assignment Number 2000-20, Task Number 1,2, and 3. The final ‘I’DERs for -Work 
.Zss:lgnrnent Number 2000-20 for Task Number 1,2, and 3 may be mcorporated mto the tile 
for Food iiddttive Master Frle 580 

1 Bisphenol A: ?-Week Aerosol Toxicity Study wtth Fischer 344 Rats (Work .Asstgnment 
Number 2000-20. ‘Task Number 1) 

2. Ninety Day Oral Toxicity Study in Dogs (Work Assignment Number 2000.20, Task 
Number 2) 

3 Btsphenol A: 13.Week Aerosol Toxicity Study with Fischer 344 Rats (Work Assignment 
Number 2000-20, Task Number 3) 

Attachments: Copy of final TDERs Task Number 1,2, and 3, Work Assignment Number 
2000-20 under Contract Number 223-96-2302 
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STUDY TITLE 

Blsphenol A 2.Week Aerosol Toxicity Study v&h Fischer 344 Rats 

TESTING LABORATORY 

Health and Envxonmental Sciences Mammalian and Enwronmental Toxicology Research Laboratory, 
Dow Chemical U.S.A., MIdland, MI 

COMPLETION DATE OF STUDY 

June 06. 1985 

SPONSORS OF STUDY 

Dow Chemxal U S A., Mldland, MI 

STUDY SUMMARY 

Compliance and Quality Assurance Statement 

A slgned and dated quahty assurance statement was mcluded m the study report wth a hst of mspectlon 
dates. Based on the provided dates, the quahty assurance findmgs were reported promptly to the study 
dlrector and management. The quahty assurance statement also mdxated that the report was m 
comphance wth FDA and EPA Good Laboratory Practxe Regulations. 

Study Objective 

Thx study was conducted to detemune the toxclty of polycarbonate grade blsphenol A when 
admmlstered to Flscher 344 rats (6-hours per day, 5.days per week for a total of 9 exposures) at 
concentrations of 0, 10,50, or 150 mg/m3 for 2-weeks. Ammals were observed over a 4.week 
reverslblhty period followmg treatment to determme reversiblhty of any test article related effects and to 
assess any residual effects resultmg from bxphenol A treatment 

Test Article 

The test article, polycarbonate grade blsphenol A (lot TB 84071221), was supphed by the Dow Chemical 
Co , Freeport, Texas. Polycarbonate grade was chosen because It contams finer grade, more resplrable 
particles than epoxy grade. Molar pwty was 99 93% as determined by dlfferentlal scannmg calonmetry. 
Physxal propertles of the test artxle were not Included m the study report, however, the study authors 
did mdlcate that polycarbonate grade blsphenol A IS generally a white to hght tan sohd. Storage 
condltlons and stablhty of the test artxle were not reported 

Test Atmosphere Generation and Exposure Chamber Conditions 

The exposure chambers were described as 1000 hter stamless steel and glass Rochester-type chambers. 
Ax flow m the chambers was kept at a rate of approximately 200 htersimm Blsphenol A particles were 
aerosohzed m a modltied Marple dust generator usmg approximately 90 htersimm of dry, compressed 
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an Test article particle size was assessed weekly usmg aerodynanuc measurement Test art& 
concenhatmn was momtored one to three tnnes durmg each exposure permd by gravldometuc capture 
measurement on Teflon filters. The remammg ar supphed to the test chambers was controlled with 
temperature settmgs kept at 70” F and relatwe humldlty settmgs at 50%. Actual maxImum and 
nummum temperatures and actual relatwe hunndlty values were recorded for each exposure period. 

Test Animals 

SIX- to eight-week old Fischer F-344 rats (20isexldose) were supphed by Charles Rwer Breedmg 
Laboratones, Kmgston, NY Rats were exammed upon arrwal to the performmg laboratory by the lab 
vetermarlan ’ All ammals were acchmated according to Standard Operatmg Procedures of the Sub- 
chrome and Chrome Toxicology Laboratory.2 Duration of the acchmatlzatmn period was not provided m 
the study report. Our renewers note that standard toxxxty gmdelmes recommend a one-week 
acchmatlzatlon period. 

All ammals were stratified by body weight; ammals wth outlymg body weights were removed and 
dIscarded untd only the number of animals needed for the study remamed Ammals selected for study 
were then asslgned to treatment groups randomly based on body weight. All ammals were mdwdually 
housed m stamless steel wre cages and were ldentlfied usmg ear tags Ammals were housed m rooms at 
72°F wth relatwe humId@ at 50%. A 12-hour hght cycle was used Male ammals weIghed between 
171 3 and 196.7 grams and female ammals welghed between 101 2 and 125 5 grams at study mltlatlon. 

Diet 

Certified Rodent Chow’ and mumclpal tap water was prowded to the ammals ad l&turn except dung 
exposure periods The Ralston Pm-ma Co analyzed the food for nutntlonal value and for contammants 
associated wth the formulatmn process The City of MIdland, Mlchlgan performed an analysis of the 
water supply. The results of these analyses were not mcluded m the study report 

Experimental Design 

Twenty rats/sex/group were exposed to aerosols of blsphenol A at target concentrations of 0, 10, 50, or 
150 mg/m3. Rats were exposed for 6.hours/day, 5-days per week, for a total of nine exposures The 
highest dose selected (150 mgim3) approximated the maxIma achwable concentration of polycarbonate 
grade blsphenol A m ax Half of the ammals (10 ratsisexigroup) were sacrificed one-day after the final 
blsphenol A exposure (termmal sacnfice group) wh+e the remammg 10 rats/sex/group were allowed to 
recover for an addltlonal29.days wthout addItIona exposure to the test article, and then sacrificed 
(recovery sacrifice group) 

’ The performmg laboratory was fully accredited by the Amencan Assoclatmn for Accredltatlon of 
Laboratory Anrmal Care (A.A A L.A C ) 

* Standard operatmg procedure was not provided m the study text 

3 Cemtied Rodent Chow was supphed by Ralston Purma Co , St LOUIS, MO 
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Clinical Observations 

After each exposure permd, ammals were observed and changes m appearance were noted Also, 
observations were made dally to check for mortal@ and avallablhty of food and water On weekends, 
observations and momtormg conslsted only of removmg dead ammals and ensunng the avallablhty of 
food and water 

Body Weights 

Body weight measurements were taken pnor to exposure 1, S,6, and 9 dung the treatment phase and 
weekly dung the 4-week recovery phase 

Food Consumption 

Food consurnptlon was not measured 

Clinical Laboratory Determinations 

Prior to necropsy, blood samples were collected from the orbltal smus from methoxyflurane anesthetxed 
ammals Standard hematology parameters are hsted below. A check mdlcates that the correspondmg 
parameter was evaluated m all non-recovery groups for this study In addltlon to the parameters mcluded 
below, mean corpuscular volume, mean corpuscular hemoglobm, and mean corpuscular hemoglobm 
concentration were detenned Blood smears were prepared for all ammals, but were not evaluated 
Dlfferenbal leukocyte counts were quantified by machme (Honeywell ACS 1000) only for control and 
high dose ammals. Hematology parameters were not measured In recovery ammals. 

J hematocntipacked cell volume J total leukocyte count 

J hemoglobm J dlfferentlal leukocyte count 

J erythrocyte count J --neutrophlls 

J clottmg potential J --lymphocytes 

--clottmg tnne J --eosmophds 

--prothrombm tnne J --basophlls 

--actwated partlal thromboblastm tnne J --monocytes 

J --platelet count 

Chmcal Chemlstw 

At necropsy, blood samples were collected from severed cenwal blood vessels. All samples were 
refrigerated or kept on ice until chmcal chermshy analyses were performed Standard c1mmcal chemistry 
parameters are hsted below. A check mduxtes that the correspondmg parameter was evaluated m all 
non-recovery groups for thx study. In addltlon to the parameters hsted below, the study authors 
determmed glob&n concentration. Chmcal chemlstxy parameters were not measured m recovery 
ammals 
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Electrolytes 

ca1c1um 

chlonde 

phosphorus 

potassium 

sodmm 

Other 

J albumm 

blhrubm (total) 

creatmme 

J glucose 

J protem (total) 

J urea mtrogen 

E?lZymtZS 

J alanme ammoti-ansferast? 

J alkalme phosphatase 

J aspartate ammotransferase’ 

y-glutamyl transferase 

ormthme decarboxylase 

Our reviewers note that there was no evaluation of serum or plasma electrolytes. Evaluation of 
electrolytes IS a crltlcal mdxator of overall health and nutritional plane as well as the mtegrlty of 
multiple organ systems (e g , caluumiphosphorus levels are momtors of parathyrold, kidney, bone, and 
mtestme, etc ) Furthermore, there was no evaluation of total blhrubm whxh IS an Important momtor of 
erythrocyte breakdown/clearance as well as hepatlc functloniobstmctlon. AddItIonally, there was no 
evaluation of creatmme whxh IS an Important adjunct to the BUN evaluation to assess renal versus pre- 
renal changes. For these reasons, we consldered the overall chmcal chemlstty evaluation to be 
mcomplete. 

Urmalws 

Unne was collected before the final blsphenol A exposure. The method of u-me collectlon was not 
dxcussed m the study text The followmg urmalysls parameters were determmed m non-recovery 
ammals only. 

brhrubm 
glucose 
ketones 
blood 
specific grawty 
PH 

protem 
urobllmogen 

4 The study authors used the former name of this enzyme (glutarmc pynw~c transarmnase) 

’ The study authors used the former name of this enzyme (glutanuc oxaloacetlc transanunase) 
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Ophthalmology 

An ophthahmc exammatlon was not performed. Our reviewers note that standard toxuty gmdehnes 
recommend that ophthalnuc observations be performed for short-term toxuty tests. 

Gross Pathology 

Ten annnals m each dose-group of each sex were sacrificed vm decapltatlon under methoxyflurane 
anesthesm one-day after the last exposure (termmal sacnfice anunals) Ten recovery ammals were 
sacnficed m the same manner 29- days after the final exposure (recovery sacr~tice ammals) Pnor to 
sacnfice, all annnals were fasted overmght An ACVP-board-certltied vetermaxy pathologist exammed 
the ammals for gross alterations at necropsy The eyes were exammed WI situ. 

Organ weights 

At necropsy, the followmg organs were welghed Relatwe organ weights (per 100 g body weight) were 
also calculated 

bran kidneys 
heart thymus 
hver testes 

Histopathology 

A complete set of tissues was collected from all tennal sacrifice and recovery sacrifice ammals as 
mdlcated by a check on the standard toxxlty gmdelme tissue hst below AddItIonal tissues collected 
Included oviduct, larynx, lacnmal/Hardenan gland, oral tissues, mesenterlc tissues, cervx, tongue, 
audItory sebaceous gland, coagulatmg gland, vagma, and medlastmal hssues Also, the stomach, small 
mtestme, and large mtestme were collected, but the site was not specified. 

Tissues were preserved m 10% neutral buffered form&n Inmxxwon fixation was used with two 
exceptlons Lungs were filled wth fixatwe by anway perfusIon untd the normal mspx-atory volume was 
approxnnated Nasal txssues were flushed wth a fix&we usmg the pharyngeal duct to faclhtate rapld 
tixatlon of the mucosal surfaces. Hlstologx processmg and hlstologlc evaluation were performed on 
complete tissue sets6,’ from control and high-dose temunal sacrifice ammals and on a hmlted set of 
respiratory tract tissues (nasal tissues, larynx, trachea, and lungs) from all recovery sacrifice ammals as 
well as IntermedIate-dose termmal sacrifice ammals. 

6 Auditory sebaceous gland was collected by not processed or evaluated 

’ The study authors mdlcated that hlstologlc processmg was performed usmg “conventmnal techmques ” 
Our revxwers interpreted this to mean that fixed tissues were hxnmed, placed m tissue cassettes, dehydrated 
through alcohols, embedded m paraffin, sectmned at 4-6 pm, rehydrated, and stamed wth hematoxylm-eosm 
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Cardlovascular/Hernopoietlc Dzgestive system 
J aorta J cecum 

J bone marrow COlOll 

J heart duodenum 

J lymph node (mesentenc and medlastmal) J esophagus 

J spleen lhrn 

J thymus J e, unum 

J 11ver 
J pancreas 

J salivary glands 

J stomach 

lJivgen1ta1 
J epldldynudes 

J kidneys 

J ovarxs (ovary) 

J prostate 

J semmal vesicle 

J testes 

J urmary bladder 

J uterus 

Neurolog~c/Special Senses 
J bram 

J eyes 

J p1tLutary 

J sclatlc nerve (peripheral nerve) 

J spmal cord 

Glandular 
J adrenals 

J mammary gland 

J thyroldiparathyrold 

Musculoskeletal 
J bone 

J skeletal muscle 

Statistical Analysis 

Respiratory 
J lungs 

J nasal turbmates (nasal tissue) 

J trachea 

Other 
all gross lesions 

J skm 

Quantltatwe data (IX+ absolute and relatwe organ weights, chmcal chetmstry data, appropriate 
hematology data, and urme spenfic gravity) were evaluated by Bartlett’s test for equal variance (p<O.Ol). 
A parametnc or nonparametnc analysis of variance (ANOVA) was then performed @SO 1) based on the 
results of Bar&t’s test. Dunnett’s test (~$0 05) or the Wilcox Rank-Sum test (ps0 05) wth a 
Bonferrom correctIon for multiple comparisons was then performed. Outhers were IdentItYed usmg a 
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sequential test (~10.02) and excluded from analysm Results of the statlstlcal analyses were then 
mterpreted for toxlcologlcal and blologlcal wgmficance. “Descr~ptwz statlstxs” (I e., means and 
standard dewatlons) were used to present white blood cell dlfferentlal counts and red blood cell IndIces, 

Appraisal of Experimental Design 

A study protocol was not Included with the study report for rewew. Our rewewers feel that the use of 
polycarbonate test article and the concentrattons employed to be well-conedered and well-lustlfied m the 
study report However, we do note several Important deficlencles The clmlcal pathology assessment 
(hematology, chmcal chenustry and unnalysls) was mcomplete as several Important components were 
onntted: (1) no evaluation of clottmg factor function as an mdlcator of the ablhty to form a stable clot, 
(2) no evaluation of serum or plasma electrolytes (cntlcal mdlcators of overall health and nutrttlonal 
plane as well as the mteglty of multiple organ systems), (3) no evaluation of total blhrubm (Important 
momtor of elythrocyte turnover and hepatlc function); and (4) no evaluation of creatmme (Important 
adJunct to urea mtrogen evaluation) We also note that food consumption was not measured m the 
present study. Although the study was an mhalatlon study and not a feedmg study, we consider 
measurement of food consumption a very useful component of most toxlclty studies Last, an ophthalmx 
exammatlon was not performed as standard toxlclty guldelmes recommend Because of these 
deficlencles, our renewers consider that this study was only margmally sensltwe to detect toxic effects 
of blsphenol A when admmmstered to rats wa whole body mhalatlon 

RESULTS 

Exposure Concentrations 

The study authors concluded that the mean analytIca concenhatlons were smular to the dewed exposure 
concentrations Selected data concemmg exposure concentrations and part& characterlstlcs are 
reported m Table 1 below 

Table 1. Exposure Concentrations and Mass Median Aerodynamic Diameter of the Test Article 

Target Concentratm Mean Measured Range of Daly Mass Medmn 
(nzgh?) Concentration Analytrcal Aerodynamc Dmneter 

(mg/m’)8 Concentration (?ngM) 
0 02102 0.0 to 0 5 __ 

10 11.1 i 16 8.8 to 14.6 62105 

50 545h21.1 196to937 26~kl.l 

150 143 I* 33 6 73 8 to 183.2 3.4507 

’ Detemuned from the dally tune we&ted average concentration 



Our reviewers note that while the mean measured concentration was snmlar to the target concentration m 
all dose groups, there 1s a wde range of dally analyzed concentrations as noted by the study authors The 
study authors attnbuted this to mechamcal problems. Our reviewers note that the wde range of dally 
exposure levels may have compromlsed the results of this study because, at hmes, ammals m the high- 
dose group were bemg exposed to a lower concentration of test-article than ammals m the mid-dose 
group. However, the study results were not hkely drastlcally affected because the time-welghted mean 
measured concentration did approximate target concentrations. 

Inslde exposure chambers, the average temperature was between 21 and 26°C (69 8 - 78 8”F)9 and 
average relatwe humId@ was between 18 and 26% Our reviewers note that the relatwe humldlty 
measured m the exposure chambers was approxmately half the target of 50%. Our reviewers note the 
chambered ammals hkely had mcreased msenstble water losses compared to “caged” laboratory rodents, 
but that the losses should have been equwalent between test and control ammals wth mmmmal Impact on 
the study 

Clinical Observations 

A summary of chmcal observations and mdwldual ammal data concernmg chmcal observations was not 
Included m the study report, however, the study authors mdxated that ammals exposed to 10 mgim’ did 
not exhlblt chmcal effects slgmficantly different from control ammals Ammals exposed to 50 and 150 
mgim’ of blsphenol A exhIbIted reddxh material around the nose dung the exposure period. The study 
authors noted that the reddlsh material may have been porphynn. Our rewewers also note that 
hemorrhage or serosangumous nasal discharge/exudate can gwe the appearance of “reddlsh matenal 
around the nose ” 

Females m the 150 mg/m’ exposure group also exhIbIted permeal sollmg durmg the 2-week exposure 
penod The study authors attnbuted these effects to blsphenol A treatment These effects were not seen 
several days after the recovery phase of the study began. 

Body Weights 

Group mean body weights of all treated males were shghtly decreased at days 5, 8, and 11 (See Table 2 
below) A dose dependent trend was evldent at each time pomt and the difference was statistically 
slgmficant at day 8 and at necropsy m the hlgh-exposure group only. After treatment with blsphenol A 
was ceased, body weights were slmdar to control values m all exposure groups A slmllar effect was not 
seen m female ammals. 

9 Conversmn was made by our rewewers. 
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Table 2. Mean Body Weights of Male Fischer Rats Exposed to Bisphenol A Aerosol for 2-Weeks 

Experiment Day 
Exposure 
Concentration 1 5 8 11 At Necropsy” 

0 1x6.1* 5 8 197 4 * 7.2 209 3 * 8.1 213.1 + 8.7 191.5 * 5.4 

10 185 O* 5.7 1964*82 207 4 i 9.5 211 61 106 187.1 It 9.8 

50 183.9 * 6.2 193 4 * 6.9 203.6 * 7.8 2089*X7 187.3 I6 8 

150 184.0*55 1926*52 202 7 l 5.3* 207 1 + 5 8 182.8 + 5.2* 
* Statlstuxlly slgmficant at a = 0 05 usmg Dunn&t’s test 
’ Tennal sacrifice animals 

Hematology 

Analysis of hematology parameters did not reveal treatment-related effects. No statlsbcally slgmficant 
values were seen and no dose-dependent relatlonshlp were ewdent m any hematology parameter 

Clinical Chernistvy 

The study authors concluded that no treatment-related effects were detected wth respect to chmcal 
chemistry parameters Our renewers note that statlstlcally qmficant (c( = 0 05) changes were seen wth 
respect to urea mtrogen, albumm, glutamlc oxaloacetlc transammase, and glucose as mdlcated m Table 3 
below. The changes were shght m all parameters and a dose-dependant relatlonshlp was not seen wth 
the exceptlon of albumm concentration m males Our revuzwers note that data from Charles Rwer 
Laboratory” (6 - 8 weeks old male Fischer rats) mdlcate that the normal range of albumm 1s from 3 4 - 
4.0 g/dL. The statlstlcally slgmficant value m the 150 mgim’ group 1s shghtly outslde of this range 
(Charles Rwer LaboratorIes 1998) Therefore, our rewewers agree that changes m urea mtrogen, GOT, 
and glucose were not treatment-related However, we do suggest that the decrease m albumm 
concentration seen m the high-dose group may be test-artxle related because the decrease was 
statlstlcally sqmficant, a dose-dependent trend was seen, and the value was outslde of the normal range. 
A statlshcally slgmficant value was also seen m female rats that was outslde of the normal range for 6 8 
week old female Flscher rats (3 3 - 4 3 g/dL); however, our renewers do not consider this to be test 
artlcle-related because a dose-response relatlonshlp was not ewdent 

” Charles River Laboratones, Techmcal Bulletm, Sprrng 1998 
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Table 3. Statistically Significant Clinical Chemistry Parameters 

Clinical Chemistry Parameter 

Transammase 

Urirdysis 

The study authors mdxated that no treatment-related effects were seen wth respect to unnalys~s 
parameters. Our rewewers note that spec~tic grawty was statlstlcally slgmfuzmtly elevated above control 
values m the 50 and 150 mgim’ exposure groups as mdlcated m Table 4 below A clear dose-related 
trend was not evident, all values remamed wthm normal reference ranges (1 001 - 1 075 [Hall 1992]), 
and the mcrease was shght; therefore, our rewwers agree that no heatment-related effects were evident 
wth respect to urmalysx parameters. Our reviewers also note that a dose-related decrease m pH was 
seen m males and the mean urme pH m high-dose females was approxnnately half of a pH umt less than 
the mean control value. Our reviewers note that these decreases m urme pH could have been treatment 
related, however, we also note that bacterial growth and loss of CO, m standmg urme samples may affect 
the urme pH (Hall 1992) 

Table 4. Urine Specific Gravity and pH Values from Male and Female Fischer Rats Exposed to 
Bisphenol A Aerosol for Z-Weeks 

Exposure 
Concentration 
@p/m”) 

0 

10 

SO 

Specitic Gravity 

M&S FW7dt3 

1.033+0 017 1 04410 009 

1 036&O 014 1 034*0.011 

1.05610 009* 1.034*0 011 

M&S 

s.10+0 70 

7 75iO.48 

7.72+0 62 

PH 

FWld~S 

8.00~~0 62 

8 15+0 41 

7 9510 55 

150 1.055io 012* 
* StatMcally slgmficant at p10 05 

1 045*0.009 7.2010.59 7 45io.55 
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Organ Weights 

The study authors mdlcated that exposure-related effects were not seen with respect to organ weights 
(absolute or relatwe). Our reviewers note that bram weights relatwe to body weights were statlstxally 
s~gmficantly Increased m males exposed to 150 n&n3 blsphenol A. The study authors attributed the 
mcrease m relatwe bram weights to the statIstIcally slgmficant decrease m body weights of the same 
exposure group. Based on Table 7 m the study report, our rewewers agree. Our reviewers also note that 
a stat~stlcally slgmficant mcrease m relatwe hver weights was seen m females m recovery ammals of the 
high exposure group and a dose-dependent trend IS evident. Because the mcrease was shght and only 
seen m females, our renewers do not attrlbute this observatmn to treatment. Our reviewers also note that 
the body weights of this exposure group were the lowest of the four groups, which may have contnbuted 
to the relatwe mcrease m lwer weights. 

Gross Pathology 

Facial sollmg and decreased abdommal fat were observed m ammals exposed to 150 mgim’ of blsphenol 
A upon gross exammation. The study authors attributed these findmgs to test-arhcle treatment. 
Incidence of decreased abdommal fat and facial sodmg are presented m Table 5 below. Our rewewers 
agree that these observatmns were related to blsphenol A treatment because a dose-response relabonshlp 
was clear. These changes were not seen m the 10 n&n3 group We note that the observatmn of 
decreased abdommal fat was consistent wth the statlstxally slgmticant decreases m termmal body 
weights m termmal sac&ice, high-dose males and the trend to decreased termmal body weights m the 
termmal sacnfice, high-dose females 

Table 5. Treatment-Related Gross Pathology Observations 

Gross Pathology Parameter 

a Number affected/number exammed 

Histopathology 

Treatment-related, nncroscop~c pathology alterations were restncted to nasal tissues (Table 6 below). 
Male rats exposed to 150 mgim’ and female rats exposed to &her 50 or 150 mg/m3 blsphenol A 
exhIbIted very shght to shght mflammatmn m the vestibule regmn of the external nares and at the 
mucotaneousJunctmn. Addltmnally, high-dose and mtermedlate-dose males and females developed low- 
grade hyperplasla of the squamous eplthehum at the mucocutaneous Junctmn m the antermr portmn of 
the nasal cawty The mtenslty of the nasal changes was generally very shght m mtermedlate-dose 
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ammals and shght m high-dose ammals, consistent with a dose-response. The study authors noted that 
hyperplastx change extended mto the nasal cavity to mvolve the respxatory eplthehum overlymg the 
vomeronasal organ. The study authors also noted that the pathologic exammatlon revealed no further 
tissue alteratlons that were attnbuted to treatment. 

Table 6. Treatment-Related Microscopic Pathology Observations 

asa issue 
hyperplasla, 
mucocutaneous junction, 
bilateral, shght or very shght 

Inflammatmn, 
Subacute to chrome, external 
“ares, bilateral, focal, shght or 

Nasal tissue 
Inflammatmn, 
Subacute to chrome, 
mucocutaneous, bilateral, 

Number affected/number exanuned 

No treatment-related effects were detected m the low-dose ammals or m recovery ammals. 

ASSESSMENT 

Our reviewers beheve this study’s ablhty to evaluate short-term, multIpIe dose, Inhalation toxlclty 
associated with test-article exposure was lImIted by the followmg study deficxmcxs. First, food 
consumptmn was not measured m the present study Although the study was an mhalatlon study and not 
a feedmg study, food consumptmn data would have been useful mformatlon m hght of the test article 
effects on decreased body weights and decreased abdommal fat Second, the chmcal pathology 
assessment (hematology, chmcal chemlshy and urmalysls) was mcomplete as several Important 
components were omltted: (1) no evaluatmn of clottmg factor functmn as an mdlcator of the ablhty to 
form a stable clot, (2) no evaluation of serum or plasma electrolytes (cntlcal mduzators of overall health 
and nuhltmnal plane as well as the mtegrlty of multiple organ systems), (3) no evaluation of total 
bdnubm (Important momtor of erythrocyte turnover and hepatlc function), and (4) no evaluation of 
creatmme (Important adjunct to urea mhogen evaluation). Also, urme was collected prior to the final 
blsphenol A exposure, which may have compromlsed the sensltnMy of the study results because the 
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urmalys~s parameters were evaluated after only 8 blsphenol A exposures, while all other parameters were 
evaluated after 9 blsphenol A exposures. The shorter tune duratmn may have compromised the 
urmalysls results Addltmnally, techmcal problems prevented a consWent exposure concentratmn m the 
exposure chambers This resulted m a wade vanatlon of exposure concentratmns wthm each exposure 
group Although the mean dally exposures were smular to each group’s respectwe target concentration, 
the wde vanatlon of exposure concentratmns may have compromxd the study because the high dose 
group (150 mgim’), at tunes, was recewmg a lower concentratmn of test article than the mid-dose group 
(50 mg/m’) Smularly, the nud-dose group was, at tnnes, bemg exposed to a smular concentration as the 
low-dose group. Last, clmlcal chemistry, hematology, and urmalysls parameters were not evaluated m 
recovery ammals Therefore, our reviewers feel that the study dewgn was not sufficient to detect residual 
effects caused by blsphenol A treatment m recovery ammals. Because of these lmxtatmns, our reviewers 
consider that this study was only margmally sensltwe to detect toxx effects of blsphenol A aerosol when 
admmlstered to Fisher rats for two-weeks via whole body mhalatmn exposure 

CONCLUSIONS 

Treatment-related effects are hsted m Table 7 below and mclude a shght decrease m body weight gam 
(male rats exposed to 150 mgim’ [a non-statlstlcally slgmficant trend was also seen m females of this 
exposure group]), decreased abdommal fat, and hlstopathologlc changes mcludmg antenor nasal 
mflammatmn and/or eplthehal hyperplasla (male and female rats exposed to 50 and 150 mgim’). No 
treatment-related effects were seen wth respect to hematology, wnalysls, or organ wetght data. No 
treatment-related effects were seen m recovery ammals, no systemx effects were seen m any treated 
ammals, and no treatment-related effects were seen m ammals exposed to 10 mg/m’; thus the NOEL was 
10 mgim-’ However, the sensltwlty of the study to detect toxc effects was compromised by several 
factors mcludmg madequate chmcal chennstry evaluatmn and the wde range of dally exposure 
concentratmns seen m each exposure group 

Table 7. Selected Treatment Related Effects 

Males 

Dose Group 

150 mglm’ 

Effect 

Decreased abdommal fat 

Decrease m body weight gam 

Hlstopathologlc changes m the 
anterior portion of the nasal 
CWlty 

Severrty 

Not reported 

Shght 

Shght to very shght 

50 mgh”’ Hlstopathologx changes m the 
anterior portmn of the nasal 
CWlty 

Shght to very shght 
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I 50 mgim~ 
Hlstopathologlc changes m the 

50 mghn' Hlstopathologlc changes m the 
anterior portion of the nasal 
cmty 

Shght to very shght to very 
shght 

EXECUTIVE SUMMARY 

Fischer 344 rats (20isexldose) were admnustered blsphenol A via mhalatlon m whole body exposure 
chambers at target concentrations of 0, 10, 50, or 150 mg/m’ for 14 days Half the ammals were 
sacrificed nnmedlately after the 2-week exposure period and half the ammals were sacnticed after a 4- 
week recovery period Treatment-related effects Included a shght decrease m body weight gam (male 
rats exposed to 150 m&m’ [a non-statlstlcally slgmficant trend was also seen m females of this exposure 
group]), decreased abdommal fat, and hxtopathologlc changes mcludmg anterior nasal mflammatlon 
and/or eplthehal hyperplasia (male and female rats exposed to 50 and 150 mgin?). No treatment-related 
effects were observed m the followmg endpomts. mortahty, hematology parameters, urmalysls, or organ 
weights. No systemic, treatment related effects were seen m any dose group. No treatment-related 
effects were seen after a 29 day recovery period The NOEL was consldered to be 10 mgim’ The 
sensltwlty of the study to detect toxic effect was compromwd by Inadequate chmcal chenustry 
evaluahon and the wide range of dally exposure concentrations seen in each exposure group 

REFERENCES 

Hall, FX Chmcal pathology of laboratory ammals In Gad SC, Chengehs CP (eds) Ammal Models m 
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Appendix A: Data Validation 

Bisphenol A: Z-Week Aerosol Toxicity Study with Fischer 344 Rats 

I. Animals Followed Throughout the Study 

20% of all ammals used m thts study were selected for review usmg the random number generator m 
Mtcrosof? EXCEL and are hsted m the following table. Data for all animals selected for review were 
checked m all tables contammg mdtvldual ammal data. No abnormalmes were noted m examinmg the 
mdivtdual ammal data. 

Males: Females: 

II. Critical Effects and Spot Checks 

A study protocol was not included in the study report; therefore, a comparison of the study protocol to 
the materials and methods was not performed. Means and standard deviations were calculated and 
mctdent counts were determined where applicable. All findings are presented below. 

. The symbol, #, in Table A-6 for female climcal chemistry data (pg. 41), was not defined. 
Because it was defined in later tables, our reviewers assume tt IS probably a statisttcal outher 
whrch was not excluded from analysts. 

. The footnotes m Table A-5 (male climcal chemistry data, pg. 40) and A-7 (urmalysrs data, pg. 
42) are illegtble because the text was only partially xeroxed; therefore, this data could not be 
validated. 

. In Table A-2 (female body weight data, pg. 34-35), the study authors noted that mdtvtdual 
84A9581 m the 150 mp/m’ exposure group was excluded from analysrs after day 1 because the 
rat was wtthout water for an undetermined length of ttme. However, data for thts ammal were 
excluded only for body wetght calculabons and were mcluded for all other calculatrons (e.g. 
organ we&). 

. The study authors reported that only 19 animals were used to calculate the mean body werght for 
the 150 mg/m’ exposure group females on day 1. However, all 20 ammals ware apparently used 
for this calcuiatton. 

Group mean values or inctdent counts were verified through calculation using individual animal data m 
the followmg tables: 
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. Table 3 (pg. 16): Body weight as mdlcated m the table below; 

Bisphenol A Concentration Day- Males Day- Females 
(mp/m’) 
0 11,25 11.18 

10 5,39 8, 39 

50 1, 32 1, 18 

150 11.32 5, 18 

. Table 4 (pg. 17): Hematological Values (all data for males, 50 and 150 mg/m’ exposure group, 
and females, 0 and 50 mg/m’ exposure group); 

. Table 5 (pg. 18): Clinical Chemistry Data as indicated m the table below; 

Bisphenol A Parameter Validated’ 
Concentration 

(mg/m’) 

Males: Females: ’ 

0 UN, GPT, AF’, GOT OPT, Ap 

10 Glut, TP, Alb, Glob GOT, Glut 

50 UN, GPT, AP, GOT UN, GFT, Al’ 

150 Glut, TP, Alb, Glob GOT, Glut 
’ Abbreviations found III Table 5 of the study text. 

. Table 6 (pg. 19): Urinalysis Data (males, 0 and 150 mg/m’ exposure group, and females, 10 and 
50 mdrn’ exposure group); 

. Table 7 (pg. 20): Organ Weights for Animals Necropsled on Expenment Day 12 (males, 10 and 
150 mp/m’ exposure group, and females 0 and 50 mp/m’ exposure group); and 

. Table 8 (pg. 21): Organ Weights for Animals Necropsled on Expenment Day 40 (males, 0 and 
150 mg/m’ exposure group, and females 10 and 50 mg/m’ exposure group). 

The only finding noted was the mean thymes gland weights for females m the 50 mg/m’ exposure group 
could not be calculated because of illegible individual data in table A-12 (pg. 5 1), female or@ody 
we& data. Otherwise, no inconsistencies were observed betkeen the smnmary data tables and our 
calculations using mdlvidual animal data. 
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III. Findings 

As noted above, discrepancies or inconsistencies revealed m th:s data vahdatlon included unclear or 
lllegble footnotes and data. These issues, however, do not affect the confidence m thrs data study report 

Liha Chen, B.S. Date 
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STUDY TITLE 

Nmety Day Oral Toxicity Study m Dogs 

TESTING LABORATORY 

International Research and Development Corporahon 

COMPLETION DATE OF STUDY 

August 3, 1976 

SPONSORS OF STUDY 

Intematlonal Research and Development Corporation 

STUDY SUMMARY 

Compliance and Quality Assurance Statemettt 

A comphance statement or a quahty assurance statement was not mcluded m the study report A 
protocol was also not mcluded m the study report. Our rewewers note that the study was conducted pnor 
to the wuance of FDA Good Laboratory Practice regulations 

Study Objective 

This study was conducted to assess the toxlclty of blsphenol A when admnnstered to beagle dogs m the 
diet for 90-days. 

Test Article 

Blsphenol A was described as a crystallme white powder. The test-art& was recewed from the General 
Electric Company, Mt. Vernon, IN on January 19, 1976. There was no mformatlon regardmg purity or 
stablhty of the test article 

Test Animals 

The protocol reqmred 32 beagle dogs (4/sex/dose-group) At the begmnmg of the study, male dogs 
weIghed 6.6 to 13.4 kg and females welghed 6.5 to 10 7 kg The ages and sources of the dogs were not 
prowded. However, OUT rewewers compared the body weights to the growth curves provided by 
Haggerty (1992). This comparison suggested that the dogs ranged from 4 months to 8 months at the 
begmnmg of the study. Our reviewers consIdered that some of the dogs may have been older at study 
mmatlon than recommended by standard toxlclty testmg gmdehnes However, we note that Haggerty 
(1992) mdlcates that dogs up to 12 months of age are acceptable 

All ammals were mdwldually housed m metal metabohsm cages HumId@ and temperature were 
controlled, however, the target range of values for temperature and humId@ were not reported. Our 
reviewers note that standard toxuty gmdelmes recommend that the temperature should be kept at a 
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range of 64.4 to 84.2” F (16 to 27 ’ C) and relatwe humId@ should be kept at a range of 30 to 70%. 
Temperature and relatwe humdlty above this range may affect food consumption and susceptlblllty to 
toxic agents 

Food (ground Puma Dog Chow) and water were avaIlable to the ammals ad I&urn. Medxme was 
admmlstered to the ammals to expel mtestmal worms and vaccmes agamst canme distemper, hepatltx, 
leptosplrosts, and rabies were prowded pnor to study mmtlatlon The study authors mdlcated that a 
condltlonmg period was present prior to study mltlatlon, however, the study authors did not mdlcate the 
duration of the condltlonmg penod Our rewewers note that standard toxuty gwdelmes recommend a 7- 
day acchmatzatlon penod for sub-chrome toxlclty tests m dogs Lastly, there was no mformatlon to 
mdxate whether an mltlal vetermary exammatlon was conducted to ensure that only healthy dogs were 
placed on study 

Diet 

Diet formulations were prepared by makmg a concentrated premx, then dllutmg and mxmg the premix 
with basal diet m a blender. Homogeneity analysis was not performed on the dxts. A concentration 
analysis was not performed on the test diets. 

Experimental Design 

Four dogs/s&group were exposed to blsphenol A at target concentratxons of 0, 1000,3000, or 9000 ppm 
m the diet for 90 days The data m Table 1 m the study report mdlcate the dogs were weight stratltied 
prior to group assignment. There was no dlscusslon of randomlzatlon 

Clinical Observations 

Observations were made dally for changes m physIca appearance and behawor A general physlcal 
exammatlon was conducted monthly durmg the study and once dung the condltlonmg period. 

Body Weights and Food Consumption 

Body weights and food consumption were measured weekly Spillage was not addressed; our reviewers 
note that It IS partudarly Important to measure splllage m ad llbltum feedmg studies. 

Clinical Laboratory Determinations 

Hematology 

Hematology parameters were detenned one time each month dung treatment. Standard hematology 
parameters are hsted below A check mdlcates that the corresponding parameter was evaluated m all 
groups for this study. In addltlon to the parameters mcluded below erythrocyte sedlmentatlon rate and 
retxulocyte count were also determmed. The method of blood collectlon was not reported. 
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J hematocntipacked cell volume J total leukocyte count 
J hemoglobm J dlfferentlal leukocyte count 
J erythrocyte count J --neutrophlls 

clottmg potential J --lymphocytes 
J --clottmg tnne (part4 evaluation) J --eosmophlls 
J --prothrombm txne J --basophds 

--actwated partial thromboplastm tnne J --monocytes 
--platelet count 

Our reviewers note that the assessment of clottmg potential was Incomplete and that partial 
thromboplastm tune and platelet counts were not measured 

Clmlcal Chemistry 

Standard chmcal chemistry parameters are hsted below A check mdlcates that the correspondmg 
parameter was evaluated m all groups for this study. In addltlon to the parameters hsted below, the study 
authors also determmed glob&n concenhatlon, cholesterol, and albunnniglobuhn ratlo The method of 
blood collection was not reported. Our rewewers note that there was no evaluation of serum or plasma 
electrolytes Evaluation of electrolytes 1s a cntlcal mdlcator of overall health and nutrttlonal plane as 
well as the mtegrlty of multiple organ systems (e g., calcun/phosphorus levels are momtors of 
parathyrold, kidney, bone, and mtestme, etc ) There was also no evaluation of creatmme which IS an 
Important adJunct to the BUN evaluation to assess renal versus pre-renal changes. For these reasons, we 
consldered the overall chmcal chennstry evaluation to be mcomplete 

Elect?dytes 

calcnun 
chloride 

phosphorus 

potassnun 

sodurn 

Enzymes 

J alanme ammotransferase’ 

J alkalme phosphatase 

J aspartate aminotransferase2 

y-glutamyl transferase 

ormthme decarboxylase 

Other 

J albumm 
J blhrubm 

creatmme 

J glucose (fastmg) 

J protem (total) 

J urea mtrogen 

’ The study authors used the former name of this enzyme (glutanuc pynw~c transanunase) 

2 The study authors used the former name of this enzyme (glutamx oxaloacetlc transanunase). 
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The followng urmalys~s parameters were determmed Color and appearance of the urine were visually 
mspected and the sedmxnt was exammed microscopically. 

VOlU”l~ 

blhrubm 
glucose 

PH 
specific gravity 
occult blood 
albumm 

Ophthalmology 

An ophthalmic exammatlon was conducted on all dogs pnor to exposure and at 3 months usmg an 
mdlrect ophthalmoscope Pupils were dM.ed wth 1% Tropxamlde solution hubal evaluation 
estabhshed that clanty of the precomeal tear film, cornea, aqueous lens, and vitreous as well as fundlc 
reflexes Subsequently, the ocular adnexa and ms were wewed under magnlticabon and the lens focal 
distance was altered to pemut vlsuahzatlon of the fundus. 

Gross Pathology 

After the 90-day treatment period, all ammals were exsangumated under sodum pentobarbltal anesthesia. 
At “ecropsy, selected organs were collected I” buffered neutral 10% form&n from all ammals. Further 
detals regardmg gross pathology procedure were not provided The study authors did not mdxate any 
procedure used to mlnlmuze gross pathology bias (e g., randomlzatlon of ammal order for necropsy). Our 
revxwers note that multiple personnel may be mvolved m recordmg gross lessons and may vary I” their 
thoroughness, threshold for recordmg (e g what IS red to one person may be pmk to another), and 
ternxnology used Therefore, procedures to mmtmlze bias are necessary 

Organ weights 

The followmg organs were weIghed at “ecropsy as mdlcated I” Table 18 of the study report 

spleen 
her 
adrenals 
kidneys 
bran 

Histopathology 

testes 
ovaries 
heart 
thyrold/parathyrold 
pml1tary 

All tissues selected for hlstologx exammatlon were fixed I” 10% neutral buffered formalm. Tissues 
were then embedded 1” paraffin, sectloned and stamed wth hematoxylm and eos~” A standard list of 
txsues recommended for hlstologlc exammatlon IS provided below. A check m the hst mdxates that the 
tissue was exammed I” all control and high-dose group ammals. Details provided by the study authors 
are provided I” parentheses. In addltlon to the tissues mdlcated below, the study authors reported that the 
gall bladder, rectum, and tongue were retalned and exammed. Based on findmgs I” control and high- 
dose group ammals, dogs exposed to 1000 or 3000 ppm were not exammed hlstologwdly Our rewewers 
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consider the hlstopathologic exammatmn mcomplete because of the fallwe to examme the heart, bone, 
and mammary gland 

Standard List of Tissues for Hlstouatholomc Exammatlon 

Cardrovascular/Hemoporetic 
J aorta 
J bone marrow 

heart 
J lymph node (mesentenc) 
J spleen 
J thymus 

Dzgestzve system 
J cecum 
J colon 
J duodenum 
J esophagus 
J Ileum 
J jqunum 
J hver 
J pancreas 
J sahvary glands 

J stomach 

Uvogenmzl 
epldldymldes 

J kidneys 
J 0”arleS 
J prostate 

semmal ves~le 
J testes 
J urmary bladder 
J uterus 

NeurologdSpecd Senses 
J bran 
J eye (with optic nerve) 
J pituitary 
J nerve 
J spmal cord 

Glandular Resjwatory 
J adrenals J lungs 

manxnay gland nasal turbmates 
J thyroldiparathyrold trachea 

Musculoskeletal 
bone 

J skeletal muscle 

Other 
J all gross lesions 
J skm 

Statistical Analysis 

No methods for analyzmg the data were reported. It appears that all data, If evaluated, were analyzed 
usmg Dunnett’s test. It does not appear that any tests were performed that Justified the use of Dunnett’s 
test for comparxon (e.g., homogeneous and normal data). Our renewers note that If an appropriate 

S 



statlstlcal analysts was not performed, statlstlcally slgmficant values are. meanmgless. Therefore, 
statlstxal methods used m this study should have been reported. Furthermore, an analysis for outhers 
was not performed Our reviewers note that statlstxal outhers should be excluded from analysis as 
recommended by standard toxlclty gudehnes. 

Our rewewcrs performed statlstxal analyses on absolute and relatwe organ weight data. The data were 
checked for normahty and homogeneity usmg Shapiro-Wllk’s test and Bartlett’s test, respecbvely The 
data for the treatment groups were then compared to the control group usmg Dunnett’s test to compare 
the treatment group’s mean values to the control group’s mean value If the data were normal and 
homogeneous. If the assumptmn of normahty and/or homogeneity were not met, then the non-parametnc 
test of Kruskal-Walhs followed by Dunn’s method for comparmg the group means was used. Our 
revlewers note that the power of the statlstlcal analyses was severely hmlted by the small number of 
ammals m each exposure group (4 ammalslsexldose). 

Appraisal of Experimental Design 

Our renewers note nmnerous deficxmcles m the experImenta design Fxst, male and female data were 
analyzed together for selected parameters (I e, hematology and climcal chemistry parameters). Standard 
toxuty gmdelmes recommend that data for male and female ammals be analyzed separately because 
male ammals may be more or less sensltwe than female ammals to treatment. Groupmg the data may 
mask test-artlcle related effects If the effects are seen only m one sex Second, the clmmcal pathology 
assessment (hematology, clmlcal chemxtry and urmalys~s) was mcomplete as several important 
components were omltted (1) no evaluatmn of serum or plasma electrolytes (crItIca mdlcators of overall 
health and nutrltmnal plane as well as the Integrity of multiple organ systems), (2) no evaluatmn of 
creatmme (Important adJUnCt to urea mtrogen evaluatmn). Addlbonally, some dogs may have been older 
than standard toxuty gmdelmes recommend (up to approximately 8 months old), however, this was not 
hkely to slgmficantly affect the study results because ammals up to 12-months of age may be used 
(Haggerty 1992) Also, means and standard dewatmns were not reported for organ weight data or 
urmalys~s data Furthermore, a comphance statement was not mcluded m the study report and a quahty 
assurance statement was also omltted. Regardmg the test artxle, no concentratmn analyses were 
performed on the duztary mixtures. WIthout these analyses, It IS not possible to assess the actual doses 
delwered to the anrmals Homogeneity analyses were not performed. Therefore, whether the test article 
was adequately mxed and dlstrlbuted throughout the diets admmlstered to the ammals IS not known. 
Addltmnally, there was no pstdicatmn for the selected doses and food was prowded ad lrbrtum rather 
than on a weight basis. Hence, there may have been differences m the actual quantity of test article 
consumed by each dog Also, test article Intake data were not prowded. With regard to these 
deficlencles, our revxwers note the study was conducted prtor to the Issuance of FDA GLPs and many 
standard toxlmty testmg gmdelmes. Last, tt was not clear as to what data were analyzed statlstxally. 
Therefore, our reviewers could not determme If appropriate data were correctly analyzed. Furthermore, 
the data tables did not mdxate the presence of any stahstxally slgmficant findmgs Our rewewers note 
that It IS unhkely that no stattstxally slgmficant values were detected for any parameter m this sub- 
chrome study Because of these deticlencrcs, our rewewers do not feel that this study was adequate to 
assess the sub-chrome toxuty of blsphenol A when orally adnumstered to dogs m the diet. 
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RESULTS 

Mortality 

No ammals dxd dung the course of this study 

Clinical Effects 

The study authors concluded that no behavloral changes or changes m appearance were related to test 
artxle admnustratlon. Our reviewers note that clmtcal data were not provided m the study report and 
could not, therefore, verify this clam 

Ophthalmoscopy 

The study authors stated that no changes consldered to be related to test-artxle exposure were seen 
durmg the ophthalmoscopx exammatlons. However, mdwldual ammal data were not provtded for 
venficatlon. 

Body Weights 

The study authors concluded that no effects on body weights occurred durmg the course of this study 
Based on a rewew of Table 1 of the study report, our renewers agree wth this conclusion. 

Food consumption 

The study authors concluded that food consumption was slmllar for control and treated ammals. Based 
on data presented m Table 2 of the study report, our reviewers agree wth the study authors’ conclus~on.~ 

Hematology 

The study authors concluded that no test-article related effects were seen wth respect to hematology 
parameters. Our reviewers note that male and female hematology data were analyzed together. Standard 
toxuty gudelmes recommend that male and female data should be analyzed separately because males 
may be more or less sensltwe to toxx effects of blsphenol A than females For hematology data, m 
addltlon to asseseng grouped mean values presented by the study authors (Table 3 of the study report) 
for toxxologlcal relevance, we also compared normal ranges for both males and females (Hall 1992) to 
mdwldual ammal data presented by the study authors (Tables 4 - 7). Based on this companson, our 
rewewers agree that no test-artxle related effects were observed wth respect to hematology because 
mdwldual ammal data were generally wthm normal ranges and the number of ammals outside the 
normal range were slmllar among all dose-groups (I e, the number of animals wth values outslde of the 
normal range did not mcrease from control to high-dose ammals). The most obwous exceptlon was the 
apparent neutrophlha m the smgle 3000 ppm male at 2 months (absolute neutrophll count of 23,900). 
However, the 3-month value was normal, suggestmg either a transient problem unrelated to treatment, or 

3 We note that the mean for the 9000 ppm female body we& was incorrectly reported as 10 4 dung the 
control penod The comect value should be 7 8. 
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a techmcal error (samplmg of margmated leukocyte pool, mcomplete dllutlon). We also note that the 
authors only reported the leukocyte dlfferentxl as relative (%) values. 

Clinical Chemistry 

No test-article related effects were seen with respect to chmcal chennstry parameters. Our reviewers 
note that, as with hematology data, male and female chmcal chemlshy data were analyzed together as 
one group. As with hematology data, m add&Ion to assessing grouped mean values presented by the 
study authors (Table 8 of the study report) for toxlcologxal relevance, we also compared the normal 
ranges for both males and females (Hall 1992) to mdlvldual ammal data presented by the study authors 
(Tables 9 - 12). Based on this revxw, our reviewers agree that no test-article related effects were 
observed v&h respect to chmcal chemlshy because mdlvldual ammal data were generally wlthm normal 
ranges4 and the number of ammals outsIde the normal range were slmllar among all dose-groups (I e, the 
number of ammals with values outslde of the normal range did not mcrease from control to high-dose 
ammals). 

Urinalysis 

The study authors reported that no test-art& related effects were observed with regard to urmalys~s 
parameters. Our reviewers note that means and standard devlatlons were not reported for appropriate 
urmalysls parameters. Our reviewers calculated mean values for volume, pH, and speufic gravity and 
note that a dose-related trend was not present for any parameter m males or females (see Table 1 below) 
Furthermore, dose-related trends were not seen with respect to any urmalysls parameter evaluated. 
Therefore, our reviewers agree with the study authors’ conclusion that no effects were seen with respect 
to unnalysls parameters based on Tables 13-16 of the study report. 

Table 1. Summary of Urine Volume, Ph, and Specific Gravity at Study Initiation and at 1,2, and 3 
Months after Exposure of Male and Female Beagle Dogs to Bisphenol a in the Diet” 

4 Our renewers note that there were multiple b~lmrubin values that exceeded the normal range (0.6-0.8 
mg/dL); however, the excessnx values were observed m both control and treated ammals. 
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, 

DOW 

3 PPm 
1,000 ppm 

3,000 ppm 

9,000 ppm 

0 PPm 
1,000 ppm 

3,000 ppm 

9,000 ppm 

0 PPm 

1,000 ppm 

3,000 ppm 

Urinalysis Parameter 

Volume (mL) PH Specific Gravity 

Ml&S FOldeS M&S FtWd63 M&S FtWt&S 

1 Month After Exposure 

99130 lows4 682dc-019 6.82+-o 17 1.054+0013 1 032+0.005 

138*102 70+28 6.95*0 19 6.7210.05 1 044iO.018 1.054+0006 

104+33 89i52 670+008 6721019 1.048*0.016 1 03810 014 

94*31 6Oztl3 6 88ztO.32 66810 15 1 059*0.009 1 04610 010 

2 Months After Exposure 

86140 9X*9 6 X0+0.32 668*024 1057*0.015 1.048+-o 017 

142+36 75120 6921039 668+0 15 1.036~tO.017 1 062+0.008 

121+46 169*80 688iO 12 6721017 1.045*0017 1 042&O 016 

88+22 79129 692*017 6.6810 17 1.048+0 012 1066dcO.009 

3 Months After Exposure 

5 1.216.3 475112 6 6hO.29 68+037 1.048+0 013 1042ztO.012 

775136 62 5h6.4 6.2+0 15 6.6&O 13 1.04510 014 1.042*0 009 

600142 962i37 66+022 7OiO29 1.0521-0006 1 040*0 010 

9,000 ppm 1 712118 1 512zt12 1 64+015 1 661017 1 1052*0019 ( 1.054*0016 
a Data are presented as mean * standard devntlon and were calculated by our rewewers 

Organ Weights 

The study authors appeared to evaluated combmed male and female data; however, there was no 
mfommtlon 1x1 the study text mdxatmg what data were analyzed (1.e , absolute and/or relatwe data of 
which tmues). Therefore, our remewers analyzed all combmed data (absolute and relatwe tissue 
weights) statlstxally.s Our results agreed wth the conclusions of the study authors that the relatwe lwer 
weights were statlstlcally s~gmficantly mcreased (~“0 01) m the 9000 ppm exposure group and that no 
other slgmficant changes were noted The study authors did attnbute the slgmficant mcrease m relatwe 
hver weights III the 9000 ppm exposure group to test-arkle exposure. Our renewers note that a dose- 
dependent trend was not seen; however, because the effect was seen in both males (14% mcrease)’ and 
females (35% ~ncrease)~, our renewers feel that this observation may have been test-article related. 

’ Our reviewers note that test,s and ovary data were not combmed. 

6 Calculated by our revtewers 
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Our reviewers note that the study authors apparently performed statxtxal analyses on combmed data 
presumably to ~“crease the number of observations and ~“crease the statlstxal power. We note that 
statIstica analyses should be performed on male and female data separately because one sex may be 
more or less sensltwe to treatment than the other sex Therefore, our revlewers also performed statlstxal 
analyses on the male and female data separately. These analyses mdxated that the relatwe lwer weights 
were slgnlficantly mcreased @S 0.01) 1” the 9000 ppm female exposure group but not I” the 9000 ppm 
male exposure group. The small sample scx precluded meamngful Interpretation of the statIstIca data, 
but we do note that a clear dose-related trend was not see” The data do support the conclusmn that 
treatment-related mcreases I” lwer weights I” the 9000 ppm blsphenol A exposure group may have been 
see” because 1) the combmed male and female did mdlcate a slgnlficant ~“crease 1” relatwe hver weights 
compared to the control group, 2) female data mdlcated a slgnlficant increase I” the relatwe lwer weights 
compared to the control group, and 3) absolute hver weights 1” the males and females were 
approximately 14% and 35% greater I” the male and female exposure group, respectwely, than the 
correspondmg control groups However, the increases I” absolute hver weights were not statlstlcally 
slgmficant. Taken together, organ waght data mdlcated a possible treatment-related effect on the lwer of 
both males and females I” the 9000 ppm exposure groups 

Our reviewers also note that a sq@cant decrease I” the absolute kidney weights was see” I” males 
exposed to 1000 ppm Our rewewers do not feel that this decrease was mdlcatwe of test-artxle-mduced 
toxuxty because the mea” values for the 3000 and 9000 ppm exposure groups were not slgmficantly less 
than the control group’s value. Means and standard dewatlons of the absolute and relatwe organ weights 
for the combmed male and female data were calculated by our rewewers and are prowded I” Table 2 
below Means and standard dewtlons of the separated male and female absolute and relative organ 
weight data calculated by our rewwers are reported I” Table 3 below. Based on these data, our 
reviewers do not attrlbute any other observatmns to treatment 

Table 2. Mean Absolute and Relative Organ Weights of Male and Female Beagle Dogs (combined 
data) Exposed to Bisphenol A in the Diet For 90 Days 

Dose Group (ppm) 

0 1,000 3,000 

Males and Females Combined 

9,000 

Spleen r Absolute” 21.9i4 1 23.0+9 4 21 8+5.3 21 816.6 

Relatwe” 0 24iO.03 0 2650 08 0 2450 03 0 24ztO.07 

Absolute 22O.lf42 2 226 9~5 1 0 2182*45 7 271.Ozt35.0 
I 

Relatwe” 2 410.2 2 610 2 2 4*0 2 30*03* Absolute 1 210 2 11*02 1 1*0 1 1.3*-o 2 I 

Relatn& 

Absolute 

1.3kO.2 1 2hO.2 12*02 1.4+0.2 

43.6+9.7 37 6+7 S 42.2+7.6 44.8h4.8 

Relatwe’ 0 4810 06 0 43*0.03 0.46+0.05 0.4910.05 I 
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* Statlshcally slgnlficant at p<O 05 by Dtmnett’s test 
a Absolute data reported m grams, relatwe data reported as % of body we@ 
b Relatwe adrenal and tbymd/parathymd weights were reported as % of body we@ x 100 
c Relatwe pltutary weights reported as % of body waght x 1,000 

Table 3. Mean Absolute and Relative Organ Weights of Beagle Dogs (Male and Female Data 
Separated) Exposed to Bisphenol A in the diet For 90 Days 

hue Dose Group (ppm) 

0 1,000 3,000 9,000 

M&S 



II TlSSUe Dose Group (ppm) 

0 1,000 3,000 9,000 I 

Body we&t 7x+1 3 8.Oi1.9 8.5&O 5 84+05 

Spleen Absolute 20 6+5 3 22 7i9 9 19 3hO.8 17 911.4 

Relatw? 0 2610.03 0 28iO 1 0 23+0 02 0 22AO.02 

Heart Absolute 68.8+13.6 72 OYc24 6 70.0+9 6 72 7+3 4 

Relatwe’ o-88+0 1 0 88zkO 09 0.82iO.l 0 87ztO 02 

Thymdl 
parathymd 

Absolute 

R&t& 

1 07+0.2 111+007 0.96+0.09 1.28ztO 33 

1.38+0.20 142&O 22 1.14io.14 1 52*0.42 

BraIn Absolute 66.819.2 65.8512.0 68.1i5.2 65 4~k7.1 

Relatwe” 0 861-0.09 0X3+0 08 0 80*0 08 0 7810 06 



T1ssLle Dose Group (ppm) 

0 1,000 3,000 9,000 

PItUItUy Absolute 0 056kO.02 0.063*0.03 0 056&O 006 0 056kO 01 

RelatweC 0.70+0 1 0 76-tO.17 0.66iO.04 0 66+0.08 
* Statlstmlly slgnlficant at pi0 05 by Dunnett’s test 
** Statlstmlly slgnlficant at p<O 01 by Dunnett’s test 
a Absolute data reported m grams, relatwe data reported as % of body waght 
b Relatwe adrenal, thyroxVparathyrold, and ovary weights were reported as % of body we&t x 100 
c Relative pltultary wghts reported as % of body weght x 1,000 

Gross Pathology 

Table 4 below reports the mndence of gross lesvms in each exposure group as reported by the study 
authors tn Table 17 of the study report. The study authors concluded that no treatment-related effects 
were observed wth respect to gross pathology. Based on the necropsy observations presented m the 
study report, our rewewers agree that no test-article related effects were observed 1x1 any dose group 

Table 4. Summary of Gross Lesions in Males and Females Exposed to Bisphenol A in the Diet for 
90 Days 

II Gross Lesion 

IF 

11 Lymphoid Tissues 

Male Exposure Group I Female Exposure Group 

0 1,000 3,000 9,000 0 1,000 3,000 9,000 

214” 114 114 314 214 214 214 314 

Gut-associated Lymphoid Tissues Gut-associated Lymphoid Tissues 

Promment Promment Peyer’s Peyer’s patches patches 114 114 014 014 014 014 014 014 014 014 o/4 o/4 014 014 014 014 

Capsular hemoslderosls, 
focalb 

o/4 o/4 014 014 014 014 I14 014 

II Gastrointestinal Tract 

Stomach 

Focal mucosal congestton 014 o/4 o/4 014 014 014 114 o/4 

Duodenum 

Focal mucosal congestmn o/4 o/4 o/4 114 014 014 014 014 
and edema 
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Gross Lesion 
Male Exposure Group Female Exposure Group 

Focal congestmn and 
hemorrhage, left lung, 
cardm and dmphragmatlc 
lobe 

014 014 o/4 

114 014 014 

Tz 014 l/4 014 o/4 

Dark red rmed foci on 
lTl”UXE3 

014 o/4 014 o/4 014 014 114 014 

a Data reported as number of ammals wth lesvx/total number of ammals III group 
b This dlagnosls mcludes the 2x2 cm yellowsh zone covered by yellowsh granules observed on the capsular 

surface of spleen 

Histopathology 

Table 5 below summarized the nucroscop~ lessons in each exposure group The study authors concluded 
that no test article related effects were seen wth respect to hlstopathology. Based on Table 19 of the 
study report, our renewers agree. However, we note that there were no hlstologc findmgs m the hver, 
despite the mcreased hver weights seen m both males and females. Gwen the ad libitum avallabd~ty of 
food, we were surprised not to see occasional dlagnosls of hepatlc vacuolatlon and/or fatty change. 
Thomassen (1992) mdxates that mxroscop~c alterations are reported most frequently m the hver m dogs 
on toxuxty studies 
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Table 5. Summary of Microscopic Lesions in Male and Female Dogs Exposed to Bisphenol A in the 
Diet for 90 Days 

Microscopic Lesion” 
Male Exposure Group Female Exposure Group 

0 9,000 0 9,000 

lntlammatlon I I I I 
The bram, spmal cord, penpheral nerve, eye, heart, aorta, lymph node, thymus, bone ma.~~ow, esophaw, 
stomach, large mtestme, rectum pancreas, gallbladder, kidney, skm’, urmary bladder, and skeletal muscle were 
consIdered normal m all exposure groups 

b Hlstologlc severity grades 2 = very shght, 3 = shght, 4 = moderate, 5 = marked, 6 = extreme. ‘l’he scale was 
apparently O-6, but the attnbutlon for “1” was not provided 

ASSESSMENT 

Our re~lewers b&eve that tins study 1s of hnxted utlhty and sens~tw~ty m evaluatmg the sub-chrome 
towcity of &phenol A to Beagle dogs The study was comprormsed by lack of concentration and 
homogeneity analyses, lack of test artxle Intake analysw hrmted chmcal chenxstry evaluation, and 
groupmg the male and female data for analyses. 

CONCLUSION 

No treatment-related effects were observed with respect to mortal@, chmcal observations, body weight, 
food consumption, hematology parameters, chmcal chenxstry parameters, urmalysls parameters, gross 
pathology, or lxstopathology. Lwer weights were Increased m male and female ammals exposed to 9000 

MuItaly, cyst 

Thyrmdiparathyrold, muMocular 
cyst 

Adrenal, mflammatory cell foci -- 
cortex 

Lung, perwascular mflammat~on 

Lung, focal mterstitlal pneumoma 

Spleen, hemoslderosls 

S&vary gland, perlductal 
mflammatlon 

Salwary gland, mterstltlal 
. - 

014 014 014 114 

014 o/4 114 014 

014 114 (3)b 014 014 

014 l/4 (2) 114 (2) 014 

114 (4) o/4 I14 (2) 014 

214 (3) 214 (3) 114 (3) o/4 

014 114 (3) 014 014 

014 o/4 014 114 (4) 

’ One control male and two high-dose males did not have an ‘?I” next to the skm (mchcatmg normal 
tissue); therefore, there was not mdxatlon that the skm was exammed m these ammals 
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ppm blsphenol A. The NOEL was ldentlfied as 3000 ppm. However, our reviewers belleve this study 1s 
of ltmlted utlhty and sensltlvlty m evaluatmg the sub-chrome toxuxty of the test article to Beagle dogs. 

EXECUTIVE SUMMARY 

Beagle dogs (4isexlgroup) were adnumstered blsphenol A m the diet at target concentrations of 0, 1000, 
3000, or 9000 ppm No treatment-related effects were observed m the followmg endpomts. mortahty, 
chmcal observations, body weight, food consumption, hematology parameters, chmcal chemistry 
parameters, urmalys~s parameters, gross pathology, or hlstopathology. Lwer weights were statlstlcally 
sqmficantly mcreased m dogs exposed to 9000 ppm. This was conwdered treatment related. Thus, the 
NOEL was consldered to be 3000 ppm However, this study IS of hmlted utlhty and sensltwlty due to 
numerous study hmltatlons mcludmg lack of concentration analyses, and hmlted chmcal chemistry 
analysis. 
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Appendix A: Data Validation 

Bisphenol A: Ninety Day Oral Toxicity Study in Dogs 

I. Animals Followed Throughout the Study 

Approximately 20% of all ammals used m this study were selected for renew usmg the random number 
generator m Mzrosoft EXCEL and are listed m the followmg table. Data for all animals selected for 
review were checked in all tables contammg mdivldual ammal data. No abnonnahtles were noted m 
exammmg the Individual ammal data. 

Males: Females: 

Control 1000 ppm 3000 ppm 9000 ppm Control 1000 ppm 3000 ppm 9000 ppm 
75-717 175-718 175-725 175-732 1175-741 175-752 175-743 I75JM 

IL Critical Effects and Spot Checks 

A study protocol was not included m the study report; therefore, a comparison of the study protocol to 
the materials and methods was not performed. However, mformatlon Included m the summary, methods, 
results, discussion, and tables were exarmned. All findings are presented below. 

. The study authors stated in the methods that they performed opthalmoscoplc examinations on all 
dogs. They reported in the results that no changes were constdered to be related to the 
compound, however, no mdivlduai data were Included m the study report. 

. Table 2, (average food consumption, pg. lo), Included a footnote that said data were not 
available for that animal. No forther explanation was given. 

. Tables 4-7 (mdlvidual hematologcal values for control, 1.2, and 3 months, pgs. 12-15). Tables 
lo-12 (mchvidual bmchemical values-for I,2 and 3 months, pgs. 18-20), and Tables 14-16 
(mchvidual urinalysis values for 1.2, and 3 months, pgs. 22-24) had footnotes statmg that some 
data were repeat determmanons. No further explanation was gwen. 

Group mean values were venfied through calculation usmg individual animal data m the following 
tables. Standard devlahons were not calculated because the data were not mcluded m the report. 

. Table 1: Body wqht (males, control and 3000 ppm exposure group, females, 1000 and 9000 
ppm exposure group for control week 1 and admmtstrahon week 2,5,9,13); 

. Table 2: Food consumption (males, 1000 and 3000 ppm exposure group, females, control and 
9000 ppm exposure group for control week 2 and admimstration week 3,7,10,12); 

. Table 3: Hematolo@cal values (all data for control at control and 1000 ppm, 3000 ppm at 1 
month, 9000 ppm at 2 months, and 1000 ppm at 3 months); 

. Table 8: Biochemical values (all data for 1000 and 9000 ppm durmg contiol, control and 3000 
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-. ppm at I month, control at 2 months, and 3000 ppm at 3 months); 

. Table 13-16: Unnalysrs data - Mean urmaiysrs data were not Included in the study report; 
therefore, data validanon of mdtvrdual data to mean data was not performed; and 

. Table 18: Organ weights - Mean absolute and relatrve organ wetght data were not Included m the 
study report; therefore, data vabdanon of mdtvtdual data to mean data was not performed. 

The followmg deviations were noted: 

. In Table 1 (body weight, pg. 9), the mean body werght for females at 9000 ppm for control week 
1 was recorded as IO.4 kg, but was calculated by our data vabdator as 7.9 kg. 

. In Table 8 (mean biochemical value, pg. 16), alkalme phosphatase at 9000 ppm for the control 
was recorded as 115 u/ml, but was calculated by our data vahdator as 119 u/ml. 

. In Table 8 (mean biochermcal value, pg. 16), B.U.N. at 3000 ppm for 1 month was recorded as 
15.0 t&100 ml, but was calculated by our data validator as 13.6 mg/lOO ml. 

. In Table 8 (mean biochemical value, pg. 16). albumin at 3000 ppm for 1 month was recorded as 
3.96 gm000 ml, but was calculated by our data validator as 3.84 g&100 ml. 

. In Table 8 (mean bmchemical value, pg. 16), S.G.O.T. at 3000 ppm for 1 month was recorded at 
36 u/ml, but was calculated to 37 u/ml, and cholesterol of the control group at 1 month was 
recorded at 153 mg/lOO ml, but was calculated by our dam validator as 154 mg/lOOml. Our 
reviewers assumed these to be rounding errors. 

III. Findings 

As noted above, dtscrepancies or mconsistencres revealed in this data vahdation mcluded unclear 
footnotes and drfferences in reported and calculated means of body wetght and btochemmal data. These 
Issues, however, do not affect the confidence in the study data. 

                         
Ltlia Chen, B.S. 
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STUDY TITLE 

Blsphenol A: 13-Week Aerosol Toxuty Study wth Fwher 344 Rats 

TESTING LABORATORY 

Mammahan and Enwronmental Toxxology Research Laboratory Health and Envxonmental Sciences 
The Dow Chemxal Company 

Mldland, MI 

COMPLETION DATE OF STUDY 

March 18, 1988 

SPONSORS OF STUDY 

Dow Chemxal U.S.A., Mldland, MI 

STUDY SUMMARY 

Statement of Compliance and Quality Assurance 

A slgned and dated comphance statement was mcluded m the study report. The study dlrector mdlcated 
that the study was conducted m comphance wth U S EPA Good Laboratory Practxe Regulations (Title 
40, CFR Parts 792, 798.2450, and 799) 

A slgned and dated quahty assurance (QA) statement was also Included m the study report with a hst of 
mspectmn dates Based on the provided dates, the quahty assurance findmgs were reported promptly to 
the study dlrector and management This QA statement also mdxated that the study was conducted m 
accordance wth EPA and FDA pubhshed Good Laboratory Practxe Regulations 

Study Objective 

This study was conducted to determme the toxlclty of whole body mhalatmn exposure to 0, 10, 50, or 
150 mgim’ polycarbonate grade bwphenol A aerosol to Flscher 344 rats for 13.weeks (6 hriday, 5 
days/week). Ammals were also observed over a 4- or 12-week reverslblhty period followmg treatment to 
assess reverslbdlty of any treatment-related effects and to determme any residual effects resultmg from 
blsphenol A treatment 

Test Article 

The test article, polycarbonate grade blsphenol A (lot TB 84071221), was described as a hght-colored 
sohd and was supphed by The Dow Chemical Company, Freeport, TX. Only smaller particles (separated 
usmg a 1 mm mesh, steel screen) were used to generate the aerosol. Composltlonal analysis did not 
reveal any dtfferences between the ongmal sample and the sample that was separated usmg the steel 
screen. 



Blsphenol A was found to be 99.7% pure as determined by gas chromatography wth thermal 
conductmty detectIon and 99.9% pure as detemmed by dlfferentml scanmng calonmetry. Three 
unpurltles reported by the study authors were 0 1% phenol, approxnnately 0 1% lsopropenyl phenol, and 
0 1-O 3% 2,4-lsopropyhdene dlphenyl. 

After the last exposure, the test artxle was reanalyzed for stablhty. The study authors mdlcated that the 
test article was stable throughout the study durahon. 

Test Animals 

&x-week old Fischer 344 rats (30/sexidose) were obtamed from Charles River Breedmg Laboratones, 
Kmgston, NY The study authors mduzated that Flscher rats were chosen because of the avallablhty of 
hlstorlcal data on these ammals and because the same specxs was used m a previous blsphenol A aerosol 
study.’ The laboratory vetennanan evaluated the health status of each ammal upon arrwal to the testmg 
fauhty 2 All ammals were acchmatlzed for at least 7-days prior to study nntlatlon. 

All rats were ranked by body weight; ammals wth outlymg body weights were removed until only the 
number of ammals needed for the study remamed. Ammals chosen for study were then assigned to 
treatment groups randomly based on body weight. Ammals were mdwldually housed m stamless steel 
mesh cages (mcludmg exposure periods) and were ldentlfied usmg ear tags Temperature and relatwe 
hunndlty were kept at 22” C and 50%, respectwely. A 12 hour hght/dark cycle was used Ammals not 
chosen for study were housed m a separate room. 

Diet 

Ammals were fed ground Punna Certified Rodent Chow #50023 and mumclpal tap water ad IIbztum 
except dung exposure penods. Food was analyzed by the suppher for nutrltlonal value and for selected 
contammants. The study authors also mdxated that the mumc~pal tap water was analyzed penodlcally. 

Experimental Design 

Thirty rats/sex/group were exposed to aerosols of blsphenol A at target concentrations of 0, 10, 50, or 
150 mgim3. Rats were exposed for 6-hours/day, 5-days per week, for 13.weeks. The highest dose 
selected (150 mgim’) approxnnated the maximal achievable concentration of polycarbonate grade 
blsphenol A m an Ten ratsisexigroup were sacnficed one-day after the final blsphenol A exposure 
(tenmnal sacrifice group), 10 rats/sex/group were allowed to recover for 4-weeks, and 10 ratsisexigroup 
were allowed to recover for 12-weeks wlthout addItIona exposure to the test article, and then sacrificed 
(4-week and 12.week recovery sacrifice groups, respectwely). 

’ Nltschke et. al., 1985a and 1985b 

2 The testmg faclhty was accredlted by the Amencan Assoclatmn for Accredltatlon of Laboratory Ammal 
Care (AAALAC) 

’ Ralston Puna Company, St. LOUIS, MO 
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Exposure Chamber and Aerosol Generation System 

Exposure to blsphenol A aerosol was camed out m Rochester-type steel and glass chambers under 
dynanuc alrflow condltlons Ax flow m the chambers was kept at a rate of approxnnately 225 htersimm 
(13 5 an changes/hour). 

Blsphenol A particles were aerosohzed m a modified Marple dust generator usmg approximately 60 
hters/mm of dry, compressed air. The remammg ax supphed to the test chambers was filtered and 
chmate-controlled wth temperature settmgs kept at 22°C and relatwe hunudlty settmgs at SO%. 
Temperature, relatwe hmmdlty, and ax-flow were recorded at 30 mmute Intervals durmg exposure. 

An aerodynanuc partmle sizer was used to measure the mass concentration and aerodynanuc partxle wze 
of the test-artwle in the breathmg zone of the ammals m the exposure chambers (from 5 pomts m the 
chamber). Test-artxle concentration was detenned usmg a mass momtor or grawmetncally three tunes 
per day for each chamber. Partlcle axe was measured weekly usmg a cascade nnpactor and aerodynanuc 
partxle .wer dm-mg the exposure period. 

Clinical Observations 

Pnor to study mltlatlon, an ophthalmx exammatlon was conducted on all ammals usmg a penhght The 
study authors mdlcated that no slgmficant ocular lesions were found4 After each exposure, all ammals 
were observed for changes m appearance. Changes m the fur, eyes, mucous membranes, and respxatlon 
were mcluded m the observations Also, behawor patterns and nervous system actwlty were evaluated 
by notmg changes m lethargy, tremors, convulsions, sahvatlon, lacnmatlon, diarrhea, and other signs of 
altered central nervous system function (not specified by the study authors) 

Durmg weekends, dally observations and momtonng was hnxted to ensunng that food and water were 
avadable to the ammals. 

Body Weights and Food Consumption 

All ammals were welghed pnor to study mltlatlon and weekly thereafter unhl sacrifice Body weight 
gam was not calculated. Food consumption was detenned weekly SpIllage was not recorded. 

Clinical Laboratory Determinations 

Prior to necropsy, blood samples were collected from the orbital wus from methoxyflurane-anesthetized 
ammals. The followmg parameters were evaluated 

4 Our renewers note that penhght exammatmn reveals mfonnatlon about the lens, anterior chamber, 
conJunctwa, and sometunes tap&m No informaWn IS provided regardmg the retma unless an ophthalmoscope or 
ophthalnuc loop IS also used. Addmonally, the quahficatmns of the person(ne1) perfonnmg the pre-study mmatmn 
penhght exarmnatmns were not mdlcated UI the study report. 
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Hematolwy 

Standard hematology parameters arc hsted below. A check mdxates that the correspondmg parameter 
was evaluated m all groups for this study. In addltlon to the parameters Included below, mean 
corpuscular volume, mean corpuscular hemoglobm, mean corpuscular hemoglobm concentration, and 
retxulocyte count were detenned. Erythrocyte and leukocyte morphology were evaluated on blood 
smears durmg the leukocyte dlfferentlal countmg process. Nucleated red blood cells were mcluded m the 
dlfferentlal leukocyte counts. 

J hematocrltipacked cell volume J total leukocyte count 
J hemoglobm J dlfferentlal leukocyte count 
J erythrocyte count J --neutrophlls 
J clottmg potential (pa&al evaluation) J --lymphocytes 

--clottmg time J --eosmophlls 
--prothrombm time J --basophlls 
--actwated pa&al thromboplastm time J --monocytes 

J --platelet count 

Our rewewers considered the assessment of clottmg potential to be mcomplete as only platelet numbers 
(mdlcator of ab&y to form primary hemostatx plug) were evaluated. Prothrombm time and actwated 
partial thromboplastm time were not evaluated, hence, there was no determmatlon of clottmg factor 
function (mdlcator of ablhty to form stable clot). 

Chmcal Chemistry 

At termmal sacnfice, blood samples were collected to determme the followmg chmcal chemistry 
parameters. All samples were refrigerated or kept on Ice untd chmcal chemistry analyses were 
performed. Standard clnncal chemistry parameters are hsted below. A check mdlcates that the 
correspondmg parameter was evaluated m all groups for this study In addltlon to the parameters hsted 
below, the study authors determmed glob&n concentration. 

Electrolytes 

calcmm 
chlonde 

phosphorus 

potassmm 

sodmm 

Other 

J albumm 
blhrubm (total) 

creatmme 

J glucose 

J protem (total) 

J urea mtrogen 
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Enzymes 

J alanme ammotransferaseS 

J alkalme phosphatase 

J aspartate ammotransferase6 

y-glutamyl transferase 

ormthme decarboxylase 

Our revxwers note that there was no evaluation of serum or plasma electrolytes Evaluation of 
electrolytes 1s a cntlcal mdlcator of overall health and nutrltlonal plane as well as the mtegnty of 
multIpIe organ systems (e.g., calcnun/phosphorus levels are momtors of parathyrold, kidney, bone, and 
mtestme, etc ) Furthermore, there was no evaluation of total blhrubm which IS an Important momtor of 
erythrocyte breakdown/clearance as well as hepatic functloniobstructlon AddItIonally, there was no 
evaluation of creatmme whxh IS an Important adjunct to the BLJN evaluation to assess renal versus pre- 
renal changes, For these reasons, we consIdered the overall chmcal chemistry evaluation to be 
mcomplete 

Urmalws 

Urmalysts was not performed Our rewewers consider urmalysx Important as a crltlcal mdlcator of 
urmary tract damage 

Ophthalmology 

Ophthahmc exams were not conducted durmg the study. Our revxwers do not consider post-mortem 
macroscopic or microscopic evaluation of the eyes suffclent to elucidate all ophthahmc changes. For 
example, the globe IS generally fixed and hardened off prior to sectlonmg. The usual hlstologlc sectlons 
are taken relatwely centrally wthm the globe The lens and vitreous body may or may not be Included III 
the typical hlstologx sections. The retma may be artlfactually detached Peripheral (nasal or temporal) 
ocular structures (particularly internal ocular structure) may never be vIewed by a pathologist and 
treatment-related alteratlons may never be diagnosed. For these reasons, we consIdered the overall 
ophthalmology evaluation to be mcomplete 

Gross Pathology 

Ten ammals were necropsled nnmed~ately after the final exposure to blsphenol A, ten ammals were 
sacrificed 28 days after the final blsphenol A exposure, and ten ammals were sacrificed 12 weeks after 
the final blsphenol A exposure. The same necropsy method was used for all ammals sacnticed. Pnor to 
sacrifice, all ammals were fasted ovemtght A comprehenswe gross pathology exannnatlon was 
conducted at necropsy, eyes were exammed m-situ The study authors mdxated that all ammals were 
humanely euthamzed, however, the method of euthanasia was not prowded m the study text 

’ The study authors used the former name of this enzyme (glutamic pyruv~ hansanxnase) 

6 The study authors used the former name of this enzyme (glutanuc oxaloacetlc transarmnase) 
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All ammals were subnxtted for a complete gross necropsy, however, no details regardmg this procedure 
were provided. The study authors did not mdxate any procedure used to nxmm~ze gross pathology bias 
(e.g., randomlzatlon of ammal order for necropsy) Our reviewers note that multiple personnel may be 
Involved m recordmg gross lesions and may vary m their thoroughness, threshold for recordmg (e.g what 
IS red to one person may be pmk to another), and termmology used. Therefore, procedures to mmlzmze 
bias are necessary, but were not described m the study report 

Organ weights 

The followmg organs were welghed at necropsy. Relatwe organ weights (per 100 g body weight) were 
also calculated 

bram 
llKi- 
ladneys 

lung (wet weight) 
testes 

Histopathology 

A complete set of tissues was collected from all termmal sacrifice and recovery sacnfice ammals as 
mdxated by a check on the standard toxuty guldehne tissue hst below Addltlonal tissues collected 
Included audltory sebaceous glands, cervx, coagulatmg glands, lacrnnaliharderlan glands, larynx, 
medlastmal tissues, mesenterlc txsues, oviducts, rectum, tongue, and vagma 

Standard List of Tissues for Hlstouatholoev 

Car~lovascular/Hemoporetlc Dzgestwe system 
J aorta J 
J bone marrow J 
J heart J 
J lymph node (medlastmal, mesentenc) J 
J spleen J 
J thymus J 

J 
J 
J 
J 

cecum 
colon 
duodenum 
esophagus 
ll.XUll 
J ej unum 
hver 
pancreas 
sahvary glands 
stomach 
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Urogmtal 
J epldldymdes 
J kidneys 
J OYarleS 
J prostate 
J semmal vesicle 
J testes 
J urmary bladder 
J uterus 

NeurologdSpecd Senses 
J bram (cerebrum, bramstem, cerebellum) 
J eyes 
J pltultaly 
J nerve (penpheral) 
J spmal cord (cerwcal, thorax, lumbar) 

Glandular Respirato y 
J adrenals J lungs 
J mammary gland J nasal turbmates 
J thyrold/parathyrold J trachea 

Musculoskeletal 
J bone 
J skeletal muscle 

Other 
J all gross lesmns 
J skm 

Twms were preserved m 10% neutral buffered formalm. Immersmn fixatton was used with two 
exceptmns Lungs were filled wth fixatwe by amvay perfusmn mtll the normal mspmtoly volume was 
approxmated Nasal ttssues were flushed wth a fixatwe usmg the pharyngeal duct to faclhtate rapld 
fixatmn of the mucosal surfaces Hlstologlc processmg and hlstologlc evaluatmn were performed on 
complete tissue sets from control and high-dose termnal sacnfice anmals. 

Restncted tmue sets were examned for other treatment, control, and sacnfice groups as mdlcated m 
Table 1 below Hlstologlc evaluatmn was by a board-certlfled vetermary pathologist (L. Lomax, D.V.M., 
Ph D , D A C.V.P.). 
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Table 1. Tissues Evaluated Histologically in Each Sacrifice Group 

12-Week Recovery 
Sacnfice 

Dose Group(s) Tissues Evaluated Histologically 
Controls Complete tissue set -HE shdes 
15 0 mgim~ Nasal tissues - PASialclan blue 

10 mglm3 Nasal tissues, lungs, cecum, gross lesmns - 

50 mglm’ 
Controls 

HE shdes 

1 Nasal tissues. lunes. medlastmal tissues. I 
150 mg/m’ 

10 mglmj 
50 mgim’ 
COIltIOlS 
150 mgim’ 

10 mgim-’ 
50 mgim’ 

- , 
medlastmal lymph nodes, trachea, cecum, 
and moss lesmns - HE shdes 
Nasal tissues PASialclan blue 
Nasal tissues, lungs, cecum, gross lesions - 
HE shdes 

Nasal tissues, lungs, medlastmal tissues, 
medlastmal lymph nodes, trachea, kidneys, 
cecum, and gross lesmns HE shdes 
Nasal tissues, lungs, kidneys, gross lessons 
- HE shdes 

Our revnwrs note that the study protocol and protocol amendments were not avaIlable for review, so we 
could not determme whether the hlstologlc processmg and evaluatmn of the restncted/customxed tissue 
sets was strictly Justified For example, the ratIonale for exammmg kidneys m all 4-week recovery 
sacrltice ammals but not m any 13-week sacnfice, low- and mtermedlate- dose animals was not apparent 
The study authors did not explam this mcons~stency m the study report narratwe. We also assumed that 
cecum was mcluded m the restncted txsue sets because It had a gross lesion that was potentially related 
to treatment (dwxssed further m the Results sectlon). However, exammatlon of “grossly normal” cecal 
tissues probably should have requred a protocol amendment 

Lastly, we also note that the submandlbular, tracheobronchlal and various cerwal lymph nodes were not 
collected (the sternal lymph node and caudal deep cervical lymph node may have been mcluded as 
“medlastmal tissues”) Although evaluation of these lymph nodes IS not always mcluded m sub-cbromc 
toxnty studies, It can be important m mhalatmn studies as these lymph nodes serve as 
dramageiclearance routes for particles collected on various respiratory surfaces. 

Statistical Analysis 

Quantltatwe data (I e., body weights, absolute and relatwe organ weights, chmcal chemistry data, and 
appropriate hematology data) were analyzed usmg Bartlett’s test for equal@ of varlance (a = 0.01). A 
parametnc or non-parametric ANOVA (CL = 0.1) followed by Dunnett’s test (a = 0.05) or W~lcoxon 
Rank-Sum test wtb Bonferrom correctIon for multiple compansons (0~ = 0 05) was used to evaluate the 
data. Outhers were ldentltied usmg a sequential test (a = 0.02) and excluded from analysis only If 
sclentlfically sound reasons were ewdent. Statlstlcally slgmficant findmgs were only considered 



toxxologudly relevant when a dose-dependant trend was evldent and when the findmgs did not 
contradict other blologml findmgs 

Appraisal of Experimental Design 

The study protocol and any protocol amendments were not avalable for rewew. Our reviewers 
consIdered the study to have several unportant strengths and multiple cnttcal wea!aesses. Strengths 
mcluded selection of dose and form of the test article (~.e., selectIon of filtered, resplrable pat~cles of 
polycarbonate bxphenol A, doses based on previous short-term toxuxty testmg) as well as careful 
attention to dehvery and momtormg of appropnate, stable, relatwely urnform, test-art& concentrations 
under reahstlc exposure condltlons m a toxltxty testmg laboratory. However, our rewewers IdentICed 
multiple deticlencles m the study design based on recommendations of standard sub-chrome toxxlty 
testing gmdelmes. Body weight gam was not calculated and food splllage was not measured or 
addressed. The chmcal pathology assessment (hematology, chmcal chemistry and urmalys~s) was 
mcomplete as several Important components were omItted. (1) no evaluation of clotting factor function 
as an mdxator of the ablhty to form a stable clot, (2) no evaluation of serum or plasma electrolytes 
(cntuxl mdlcators of overall health and nutrmonal plane as well as the mtegnty of multiple organ 
systems), (3) no evaluatmn of total bihrubm (Important monitor of erythrocyte turnover and hepatx 
function), and (4) no evaluatmn of creatmme (unportant adlunct to urea mtrogen evaluation). 
Ophthalmology was mcomplete as ophthahmc exams were only performed on ammals pnor to entry on 
study and post-mortem macroscopx and mxroscoplc exammatlon of the globe IS msufticxnt to elucidate 
all ophthahmc changes potentially related to treatment Urmalysls was not performed Urmalysx IS 
recommended by standard toxlclty gudelmes and IS an mdlcator of urmary tract damage Because of 
these deficlenctes, our rewewers were forced to consider the study margmally sensltwe to assess the sub- 
chrome tow potentml of blsphenol A m rats exposed wa whole body mhalatlon. 

STUDY RESULTS 

Test-Article Concentration 

Mean dally exposure concentrahons were determmed to be wthm 7% of target concentrations. The 
dally range of exposure concentration vaned more wgmticantly (up to approxnnately 35% vanatlon from 
target concentration). The tune-welghted averages, however, mdlcated that the exposure concentrations 
were usually close to target concentrations Analyst of the dxuneter of the particles mdlcated that most 
of the aerosol particles were respnxble m size. Table 1 below presents selected exposure chamber data. 
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Table 2. Exposure Concentrations and Mass Median Aerodynamic Diameter of the Test Article 

Dose Group 
owm3~ 

0 

Mass Median 
Aerodynamic 
Diameter 
Determined with 
laser velocimetry 

Mass Median 
Aerodynamic 
Diameter 
Determined 
Gravimetrically 

-- 

10 10.5+1.0 mgim-’ 8 5-13 5 n&n3 1 52+6.3 km 2.18hO.73 ,um 

50 53 313.9 mghn-’ 45 9-63 5 mglm’ 2 89+0.55 pm 5.15*1.06 pm 

150 148 6ztl3 1 q/m’ 99 O-176 7 n&n’ 2 14iO.38 pm 3 74+1 16 pm 

Mortality 

One male ammal exposed to 10 mgim’ died from “traumatic causes” on day 16 of exposure The 
sacrifice group of this ammal was not reported m the study text. Based on data presented m the summary 
tables, It appears that this ammal belonged to the 13-week sacrifice group. Further explanation of the 
death was not provided. No other ammals died durmg the course of the study. 

Clinical Effects 

13.week Termmal Sacrifice Group. A summary of chmcal effects was not Included m the study report 
Furthermore, our rewewers note that the study authors did not dIfferentlate between termmal sacnfice 
groups and recovery groups when presentmg chmcal effects. In the results sectlon of the study report, 
the study authors reported that reddlsh materml (hkely porphyrm) was observed around the nose of male 
and female ammals exposed to 50 or 150 mgim” The number of ammals affected was not reported. The 
study authors also reported that a very shght amount of porphyrm-hke mate& was seen around the nose 
of several male ammals exposed to 10 mgim’, and a very shght amount of porphyrm was seen around the 
nose and eyes of several females m the same dose group Permeal sollmg was also seen m several 
ammals (male and female) exposed to 50 or 150 mgim’ blsphenol A and m 2 female ammals exposed to 
10 mgim’ The study authors mdlcated that these effects did not mtenslfy over the 13-week exposure 
period 

Body Weights 

13-Week Termmal Sacrifice Grout. Body weight data were reported m Tables 3 and 4 of the study 
report. Male and female ammals exposed to 50 or 150 mgim’ exhlblted stabstlcally sv&icant decreases 
m body weights compared to control values throughout the study Addltlonally, male and female ammals 
exposed to 10 mgim’ had body weights that were statlsbcally sqquficantly lower than control values for 
most of the exposure duratlon The study authors reported that at week 13 the decrease m body weights 
relatwe to control ammals for males and females m the 10 mgim’ exposure group were approxnnately 4 
and 2%, respectwely Our reviewers note that body weights were statlstxally slgmficantly decreased at 
almost every measurement between study mmtiation and week 13 of treatment for males (except at 
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measurement day 78 and 92) and a dose-dependent trend was emdent. Tmmnal body weights were 
decreased m male and female, te”mnal sacrifice ammals exposed to 150 mg/i? (5 and 11% decrease 
relatwe to controls, respectwely). 

4-Week Recoverv Group. After a 4-week recovery period, body weights were still depressed I” male 
ammals exposed to 150 mg/m’. Body weights for all other animals were similar to control values 

12-Week Recoverv Grow. After a 12-week recovery period, body weights of males exposed to 150 
mgim’ were statlsbcally sqnficantly decreased compared to control values. Body weights of females of 
this exposure group and males and females of all other exposure groups were not statlstvcally different 
from controls 

Body weight gal” was not measured. 

Food consumption 

The study authors concluded that food consumption was sumlar for control and treated ammals 
throughout the study period and dumg the recovery period Based on review of Tables 5 and 6 of the 
study report, our reviewers agree that there were no statlstlcally svgn~ficant differences between control 
and treated groups with respect to food consumptm”. Our rewewers note consistent, non-statlstxally 
slgnlficant, approx”nately 4 8% and 5 7% decreases I” total food consumptmn m the high-dose, terminal 
sacrifice males and females, respectwely. Further, we note that the study authors did not address 
splllage, decreasmg our confidence I” the precwo” of the food consumptmn measurements and our 
ablhty to detenmne the exact relatlonshlp between food consumptmn and body weight and/or body 
weight gain However, we observed that the non-statlstlcally sq@icant decreases I” food consumption 
were greater I” females whereas the statIstIcally slgnlficant decreases I” body weight were greater I” 
males. This suggested males were more sensltwe than females wth respect to the test article effects on 
body weight and that the decreased body weights I” males were greater than that expected due to 
decreased food consumptmn alone. 

13-Week Tenmnal Sacrifice Grow. The study authors mdlcated that a statlstxally slgmficant increase 
m hemoglobm concentratmn was see” I” terminal sacrifice males rats exposed to 10 mg/m’ blsphenol A 
The study authors concluded that this increase was not blologlcally sqnlficant Our rewewers do not 
attrIbute this observatmn to test article exposure because the Increase was seen at only one exposure level 
and the effect was shght. No other statMcally slgnlficant findmgs were observed 

4-Week Recovers Group. After a 4.week reverslblhty period, female ammals exposed to 10 or 150 
mg/m’ had statlshcally significantly decreased white blood cell counts. Our revwvers note that all total 
leukocyte counts were wthm normal reference ranges for young adult CD rats (3-14 5 x lO’/pL [males]; 
2-11.5 x 103/pL [females] - Hall 1992). The study authors lndlcated that the dlfferentml counts were 
comparable to controls; however, they did not calculate the absolute dlfferentlal counts and prowded the 
mfonnatmn as relatwe percentages Our rewewers calculated the followmg absolute dlfferentml counts: 
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Table 3. Absolute Differential Leukocyte Counts Calculated by Our Reviewers 

Although neutrophll counts were decreased 17-40% compared to control values, all values fell wlthm 
normal reference ranges for young adult CD rats (0.3-3.0 X 103/pL [males], 0.1-2.0 X lO’/,uL [females] - 
Hall 1992) Agam, our remewers note that all total leukocyte counts were wlthm normal reference 
ranges for young adult CD rats (Hall 1992) and agreed with the study authors that blologlcal vanab~hty 
was the most hkely explanation. 

12.Week Recovery Grour, After a 12.week reverslblhty period, male ammals m the low- and high-dose 
groups both had statlstlcally slgmficantly Increased white blood cell counts. The study authors attnbuted 
the mcrease to natural blologml vanablhty and not to blsphenol A treatment because the dlfferentml 
counts were comparable for all exposure groups Our reviewers also note that a dose-response 
relatlonshlp was not emdent. 

Clinical Chrmisty 

13.Week Termnal Sacnfice Grouu. The study authors concluded that clmcal chemstry parameters 
were not affected by test article exposure The study authors noted the presence of several stat&mdly 
slgmficant changes III clmcal chemstry parameters, these are hsted m Table 4 below. The study authors 
reported that these findmgs were not blologlcally slgnmficant. Our revmvers do not attnbute the 
statlstmlly slgmticant observations to treatment because a dose-response relatlonshlp was not emdent 
and the changes were shght We do note that dose-related trends were seen with total protean and 
albumm concentration m females; however, the values remamed wlthm reference ranges for female 
Fischer rats of snmlar age (3.5 - 4 3 g/dL).’ 

. 

’ Charles River Laboratones, Teclmcal Bulletm, Spnng 1998 
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Table 4. Statistically Significant Clinical Chemistry Findings 

1 150 1 59+12* 16OiO2* 3 610 l* 
# Statmcally different from control value (u=O 05) usmg W~lcoxon’s test 
* Statlstlcally different from control value (1x=0.05) usmg Dunnett’s test 

4.Week Recovery Group After a 4-week recovery period, glucose leveis were mcreased m males 
exposed to 150 mgim’ Females m the same exposure group had mcreased alkalme phosphatase and 
decreased serum glutanuc pyruv~c transammase actwltles. Alkalme phosphatase actwlty was also 
mcreased m females exposed to 10 mgin? The study authors did not consider these effects to be 
toxlcologlcally slgmficant Based on a review of Tables 21 and 22 of the study report, our rewwers 
agree wth the study authors’ conclusions 

12.Week Recovery Group. After a 12-week recovery period, urea mtrogen levels were shghtly elevated 
m male rats exposed to 10 or 150 mgim-’ and total protem and glob&n concentration were statlstxally 
slgmficantly lower than control values m female rats exposed to 150 mgim’ bisphenol A (Tables 3 1 and 
32 of the study report) Our rewewers note that all statlstlcally slgmficant values were wlthm normal 
ranges for female Fischer rats of sunlIar age and therefore do not attrIbute these observations to 
treatment8 

Urinalysis 

Urmalysls was not performed. 

* Charles River Laboratones, Techmcal Bulletm, Spnng 1998 
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Organ Weights 

13-Week Termmal Sacr~tice Group. The study authors concluded that no treatment-related effects were 
observed with respect to organ weights. A summary of stahstlcally slgmficant changes m absolute or 
relative organ weights are presented m Table 5 below for all non-recovery ammals. 

Table 5 Statistically Significant Organ Weight Findings (absolute or relative) 

Relative Lung weights 0 45710 02 0 45610.02 0 46410 02 0 48510 02* 
WOO) 

# Statlstlcally slgmficant (a = 0 05) usmg W~lcoxon’s test 
* Statlstlcally slgmticant (CC = 0 05) usmg Dunnett’s test 

The study authors attributed mcreases m relative organ weights to decreases m whole body weights and 
not to blsphenol A treatment because associated mxxoscop~c changes were not present The study 
authors noted previous snmlar effects (OxhI et Al., 1979)9 m rats on a feed restrIctIon diet. Our 
revxwers only partially agree and consider the mcreases m relative organ weights to be secondary to the 
primary effect of blsphenol A to decrease body weight Independent of decreased food consumption (at 
least m the more sensltlve male sex) Furthermore, our reviewers note that absolute kidney weights were 
statlstlcally su&icantly decreased m females m the high dose group A dose-related trend was evident 
Thx observation was also seen m ammals m the 4- and 12-week recovery sacrltice groups (the decrease 
was not statlstlcally slgmficant m ammals of the 4-week recovery group). Therefore, our reviewers 
assert that the dose-related decreases m absolute kidney weight m high-dose females were hkely related 
to treatment with blsphenol A. 

9 Olshl, S , OxhI, H , and Hlvaga, K (1979). The effect of food restnctlon for 4 weeks on common 
toxxc~ty parameters m male rats. Tox~col. Appl. Phannacol 47, 15-22 
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4-Week Recovery Group. After a 4-week recovery period, final body weights were statlstlcally 
slgmficantly decreased (approxunately 6%) m both males and females m the high-dose group. Males of 
the same dose group also had Increased relatwe bram weights that were statIstIcally slgmticant Our 
reviewers note that this was hkely associated wth the statlstlcally slgmficant decrease m body weights 
Also, males m the mid-dose group had a statlstlcally sq@icant mcrease m relatwe hver weights A 
dose-dependent trend was not observed, therefore, our rewwers do not attrlbute this observation to 
treatment. Females m the high-dose group had a statlstlcally sq@icant decrease m termmal body 
weights This observation was attributed to treatment. 

12-Week Recovery Group After a 12-week recovery period, both males and females exposed to 150 
mgim” had a statlstxally slgmficant decrease m absolute kidney weights as previously noted No other 
statlstlcally slgmficant observations were noted 

Gross Pathology 

13-Week Termmal Sacrifice Grow Gross observations that were consldered test-article related are 
Included m Table 6 below. The study authors noted that mcreased cecal size (high- and mtermed~ate-dose 
ammals) was not accompamed by alterations m cecal wall morphology. The mcreased SEC was 
attnbuted to dlstentlon of the cecum wth food mgesta by the study authors. Gastric erosion or ulceration 
did not accompany the hemolyzed blood found m the stomach (high- and mtennedlate-dose males, mid- 
dose females); however, the study authors did mdlcate that mmnnal gastric erosion may have occurred as 
a secondary response to treatment Porphyrm stammg of the face and urme stammg of the penneum 
were described as secondary responses to stress Our reviewers were not convmced by the study authors’ 
explanations for the gross pathology tindmgs. Regardmg the potential relatlonshlp between cecal 
dlstenslon and excess mgesta, we note that the treated ammals had shghtly lower food consumption than 
control ammals (although statlstxally slgmficant changes were not seen), therefore, It was unhkely that 
the dlstenston was secondary to the excess mgesta. AddItIonally, we note that there are multiple causes 
of large mtestmal dllatatlon (mcludmg neurologlc causes) for which no dlstmctwe hlstologlc findmgs are 
ewdent and the excess mgesta IS secondary to pnmary dlstentlon. 

Regardmg the attnbutlon of multiple observations (hemolyzed blood m stomach v&h or wthout gastric 
erosion, porphyrm stammg of face, urme stammg of permeum) to stress responses, we note the 
followmg. We agree that those observations can be ascrlbed to cbromc adrenal cortxosterold release or 
other prolonged stress responses and that prolonged stress responses can certainly be observed m high- 
dose ammals on sub-chrome or chrome toxlclty studies. However, m the present study, there was hmlted 
ewdence for “so-called stress responses.” There were no changes m the penpheral blood picture to 
mdlcate chrome adrenal cortlcosterold release (IX., mature neutrophlha and chrome lymphopema were 
not evident) and there were no changes hlstologlcally (see below) to suggest adrenal cortxal alterations 
or gas&x erosion We consider it was hkely that the hemolyzed blood m the stomach was respratory or 
oropharyngeal m orlgm. We also consider It possible that some of the reddlsh stammg on the face was 
secondary to low-grade, possibly mtenttent, blood loss from respratory or oropharyngeal tissues. We 
note that low-grade, poswbly mtenttent, blood loss from respratory or oropharyngeal tissues, would 
lead to the coughmg up and swallowmg of small amounts of blood (hence, deposItIon m the stomach) 
and might leave httle trace on the pharyngeal or respratory mucosae. Lastly, we note that the 
submandlbular lymph nodes were not exammed hlstologlcally (It cannot be determmed whether these 
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tissues were exanuned grossly), and that traces of low-grade pharyngeal or respmtory blood loss might 
also be found m these locations. 

Table 6. Treatment-Related Gross Observations 

r I Dose Group 
I 

150 mgim’ 150 mgim’ 

M&S M&S =I4 Ff3lLlkS Ff3lLlkS 

lO/lO lO/lO lo/lo lo/lo 

a 
9110 9110 2110 2110 

9110 9110 lo/lo lo/lo 

44 3110 3110 Oil0 Oil0 

4.Week Recovery Grow After a 4-week recovery period, the enlarged cecum was still ewdent I” males 
exposed to 150 mg/m3 bxphenol A 

12-Week Recovew Group After a 12.week recovery period, no macroscopic alterations were ewdent 

Histopathology 

13.Week Tem”na1 Sacrifice Group Hlstologlc alterations associated wth blsphenol A exposure were 
restncted to the mucosae and submucosae of the nasal passages and ranged from very shght to moderate 
I” mtenslty I” termmal sacrifice males and females (Table 7 below). Changes Included bilaterally 
symmetrIca hyperplasm of the stratified squamous eplthehum of the antenor portIon of the ventral 
meatus, hyperplasla of the clhated respiratory eplthehum adJacent to the vomeronasal organ, and 
Inflammation of the underlymg submucosae at both sites. Our revxwers noted that these hyperplastlc 
and &humnatory changes are common chrome responses of the respiratory tract to lrrltatlon and that the 
antenor portlo” of the ventral meatus would be the first site of contact with bxphenol A particles 
dehvered by mhalatlon and deposIted by gravity (perhaps secondary to aggregation zlz situ). We also 
noted that the particles were “resplrable I” SIX” and hence should not have been deposzted at this site. 
The only other explanation IS local chrome lrrltatlonireactwe mflammahon I” response to the mhalatlon 
process Itself, but that there was not evidence of reactwe mflammatlon I” the anterior “ares of the control 
ammals The changes m the local respwatory eplthelium adjacent to the vomeronasal organ were 
mdxatwe of further local deposItIon or lrntatlon. Lastly, the study pathologist also diagnosed goblet cell 
hyperplasla I” respiratory eplthehum hnmng the “aso- and max~llo- hubmates and lateral nasal wall. We 
note that this agal” IS a hlstologlc response to chrome “ntatlon as the lrrltant spreads further Into the 
nasal passages. 

16 



We agree wth the study authors that no treatment-related changes were evident lower m the respratory 
tract (e g , histologic changes were not evldent III larynx, trachea and/or lung, or lnmted set of lymph 
nodes exammed which dram the resplratoly tract). Evaluation of a wder set of cerwal, submandibular, 
and tracheobronchlal lymph nodes was not performed. 

Table 7. Treatment-Related Histopathologic Observations 

T 50 mgim~ :lm’ 

FelilaleS 

10 m, 

Males 

/ o/10 

o/10 

Yzstopafhology 
Endpoznt 

HyperpLm, 
&at&d squamous 
:plthelnun, bMera1, 
multIfocal (shght to 
very shght) 

Hyperplasla, 
eplthehal, respratory 
eplthelum, bMera1, 
multlfocal (shght to 
very shght) 

Inflammation, 
chrome, submucosa, 
bxlateral, mult~focal 
(shght to very shght) 

Hyperplasla, goblet 
cell, respiratory 
eplthehum, bilateral, 
multlfocal (shght to 
moderate) 

Males FUlXZleS 

1000 lo/lo Oil0 

Oil0 

Oil0 

Oil0 lo/lo 

1000 

lo/lo 

lO/lO Oil0 

Oil0 

IO/10 lo/lo 

lo/lo lo/lo 

lo/lo lo/lo 

Oil0 Oil0 lO/lO Oil0 

Oil0 Oil0 Oil0 o/10 1000 

4.Week Recovery Sacnfice Group. After a 4-week recovery period, very shght lnflammatlon of the 
submucosa was still evident 1x1 the antenor nasal cawty m high-dose males and females Goblet cell 
hyperplasla (very shght) was also ewdent The study authors Interpreted these observations to mdlcate 
partial resolution of the treatment-related, hlstologlc changes m the nasal cavity durmg the 4-week 
recovery period Our reviewers agree 

yRecoverv After a 12-week recovery period, no treatment-related hlstologlc 
alterations were observed m the nasal cavity, mdlcatwe of full resolution of the treatment-related effect. 
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ASSESSMENT 

Our reviewers feel that this study was only margmally sensltlve to detect toxic effects to Fischer rats 
after whole body aerosol exposure to blsphenol A because of multiple study det-icxncles. FM, 
urmalys~s was not performed. Standard toxic@ gudehnes recommend urmalys~s to assess kidney 
damage. Second, the chmcal pathology assessment (hematology, clmxal chemMry and urmalys~s) was 
mcomplete as several Important components were omltted (1) no evaluation of clottmg factor function 
as an mdxator of the ablhty to form a stable clot, (2) no evaluation of serum or plasma electrolytes 
(cntlcal mdlcators of overall health and nutrltlonal plane as well as the mtegrlty of multiple organ 
systems); (3) no evaluation of total blhrubm (Important momtor of erythrocyte turnover and hepatx 
function); and (4) no evaluation of creatmme (Important adjunct to urea mtrogen evaluation) Thud, 
body weight gam was not calculated and food splllage was not measured or addressed. Last, 
ophthalmology was mcomplete as ophthalmic exams were only performed on ammals prior to entry on 
study and post-mortem macroscopic and mxroscoplc exammatlon of the globe IS msufficxnt to elucidate 
all ophthalmic changes potentially related to treatment. Because of these deficlencles, our rewewers 
consider the study only margmally sensltwe to assess the sub-chrome potenhal of blsphenol A m rats 
exposed wa whole body mhalatlon 

CONCLUSION 

13-Week Termmal Sacrifice Group. All treatment related effects are listed m the followmg table. No 
effects were seen with respect to chmcal chemistry or hematology parameters. Body weights were 
statlstuxlly slgmficantly decreased m all exposure groups throughout the exposure period, but recovered 
somewhat by the end of treatment Gross pathology observations consldered to be related to treatment m 
male and female animals exposed to 50 or 150 mg/m’ mcluded enlarged cecum, facial stammg wth 
porphyrm, permeal sollmg, and hemolyzed blood m the stomach Two females exposed to 10 mgim3 also 
had permeal solhng and several male and female ammals had facial stammg (most likely porphyrm) 
Hlstologlc findings were seen m both males and females exposed to 50 or 150 mgim’ and mcluded very 
shght goblet cell hyperplasla m the respiratory eplthehum adjacent to the ventral meatus and on nasal 
turbmates. There was also a very shght mflammatlon of the submucosa beneath the eplthehum adjacent 
to the vomeronasal organ. 

4-Week Recovery Group. After a 4-week recovery period, enlarged cecum was still ewdent m males 
exposed to 150 mg/m’ Also, very slight mflammatlon of the submucosa was still evident m the anterior 
nasal cavity m high-dose males and females and goblet cell hyperplasla (very shght) was also evident m 
male and female ammals exposed to 150 mgim’. 

12.Week Recoverv Group After a 12-week recovery period, all treatment-related effects were no longer 
ewdent. 
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Table 8. Summary of Treatment-Related Effects 

Observation Grouos Affected Parameter 

Gross pathology Increased cecum sue 

Histopathology 

CllTllCd 

obsewatmns 

Body Weights 

Organ Wqhts 

ClllliCd 

Chemstry 

Hematology 

Food 
consun1ptron 

MortalmJ 

50 and 150 mgin?, males and females 

Facial solhng 

Permeal sollmg 

50 and 150 mg/m’, males and females 

50 and 150 mgim’, males and females 
and 10 me/m-’ females 

Hemolvzed blood m stomach 50 and 150 m,g/m’, males and females 

Squamous and respiratory eplthehum 
hvuerulasla 

50 and 150 mgin?, males and females 

Goblet cell Hyperplasla 50 and 150 mgim’, males and females 

Chrome mflammat~on of the submucosa 50 and 150 me/n?, males and females 

Reddlsh material around the nose 50 and 150 mg/m’, males and females 

Permeal sollmg 

10 mgin?, males and females 

50 and 150 mgim’, males and females 

10 mgin?, 2 females 

Decrease m body weights All groups, both sexes (body weights 
did recover somewhat by the end of 
treatment) 

No effects related to treatment 

No effects related to treatment 

No effects related to treatment 

No effects related to treatment 

No effects related to treatment 

Based on a 5.1% decrease m body weights (males) and on chmcal observations (porphynn stammg 
around the nose (males and females), and permeal stammg (females) m ammals exposed to 10 mgim’ , 
ou rewewers do not agree wth the study authors’ conclusion that the NOEL was 10 mgim’. Based on 
effects seen m animals exposed to 10 mgin?, our revxewers do not feel that a NOEL was estabhshed for 
this study. However, this study was of lmuted sensltwlty to detect toxic effects of blsphenol A when 
adnumstered to Fischer rats via whole body mhalatlon exposure because of numerous study deficlencles 
mcludmg Incomplete chmcal chenxstry, ophthalrmc, and hlstopathologlc evaluations 
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EXECUTIVE SUMMARY 

Fwher 344 rats (30isexldose) were admmmstered blsphenol A “~a mhalatmn m whole body exposure 
chambers at target concentrations of 0, 10,50, or 150 r&n’ for 13-weeks. One-thlrd of the ammals 
were sacrificed mxned~ately after the 13-week exposure period, one-thtrd of the ammals were sacnficed 
after a 4-week recovery period, and one-third of the ammals were sacrificed after a 12-week recovery 
period Treatment related effects included. statlstlcally wgmficantly decreased body weights m all 
exposure groups that recovered somewhat by the end of treatment; gross pathology observations m males 
and females exposed to 50 or 150 mgim’ mcludmg enlarged cecum, presence of hemolyzed blood m the 
stomach, and penneal and faclal sollmg; and hlstopathologuz findmgs m both males and females exposed 
to 50 or 150 mgim’ mcludmg very shght goblet cell hyperplasla m the respxatory eplthelmm adJacent to 
the ventral meatus and on nasal turbmates There was also a very shght mflammatlon of the submucosa 
beneath the eplthehum adJacent to the vomeronasal organ. 

After a 4-week recovery period, enlarged cecum was still ewdent m males exposed to 150 mg/m’. Also, 
very shght mflammatlon of the submucosa was stdl ewdent m the antenor nasal cavity m high-dose 
males and females and goblet cell hyperplasla (very shght) was also ewdent. All treatment related 
effects seen dung treatment were no longer present after a 12-week recovery penod 

No treatment-related effects were observed m the followmg endpomts mortahty, hematology 
parameters, organ weights, or clmmcal chemistry parameters. No systemx, treatment related effects were 
seen m any dose-group. No treatment-related effects were seen after a 12-week recovery period. The 
NOEL was considered to be 10 mgim’ by the study authors, however, based on a 5 1% decrease m body 
weights of males and clnncal observations (porphynn stammg of the nose [males and females] and 
permeal stammg [2 females]) seen m ammals exposed to 10 mgim”, our revwvers do not feel that a 
NOEL was estabhshed Addmonally, this study was consldered to be of lnmted sensltwlty m evaluatmg 
the sub-chrome toxlclty of blsphenol A for numerous reasons mcludmg madequate chmcal chumstry 
evaluations and mcomplete ophthalmic evaluation 
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Appendix A: Data Validation 

B&phenol A: 13-Week Aerosol Toxicity Study with Fischer 344 Rats 

I. Animals Followed Throughout the Study 

Indtvtdual animal data were not mcluded m the study; therefore, mdivldual ammal data were not 
followed. 

II. Critical Effects and Spot Checks 

A study protocol was not mcluded m the study report; therefore, a comparison of the study protocol to 
the materials and methods was not performed. Also, no spot checks were performed because mdrvldual 
ammal data were not mcluded in the study report. However, mforrnatron mcluded in the summary, 
methods, results, and drscussron were compared with avarlable data. All findings are presented below. 

. The study authors noted m the results that mdtvidual 87A0633 died from traumatrc causes on test 
day 16. No further explanatron was mcluded. 

III. Findings 

A data vahdatron was not performed due to the lack of mdrvrdual animal data and a study protocol; 
however, mformanon mcluded in the summary, methods, results, and dtscussron appeared consrstent. 

       
L                               Date 

/s/


