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STUDY TITLE
Bisphenol A- 2-Week Aerosol Toxicity Study with Fischer 344 Rats
TESTING LABORATORY

Health and Environmental Sciences Mammalian and Environmental Toxicology Research Laboratory,
Dow Chemcal U.S. A, Midland, MI

COMPLETION DATE OF STUDY
June 06, 1985
SPONSORS OF STUDY
Dow Chemmcal U S A, Midland, MI
STUDY SUMMARY
Compliance and Quality Assurance Statement

A signed and dated quality assurance staternent was included n the study report with a list of inspection
dates. Based on the provided dates, the quality assurance findings were reported promptly to the study
director and management. The quality assurance statement also indicated that the report was 1m
compliance with FDA and EPA Good Laboratory Practice Regulations.

Study Objective

This study was conducted to determune the toxicity of polycarbonate grade bisphenol A when
administered to Fischer 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/m’ for 2-weeks. Ammals were observed over a 4-week
reverstbility period following treatment to determine reversibility of any test article related effects and to
assess any restdual effects resulting from bisphenol A treatment

Test Article

The test article, polycarbonate grade bisphenol A (lot TB 84071221), was supphied by the Dow Chemical
Co , Freeport, Texas. Polycarbonate grade was chosen because 1t contans finer grade, more respirable
particles than epoxy grade. Molar purity was 99 93% as determined by differential scanning calorimetry.
Physical properties of the test article were not included 1n the study report, however, the study authors
did mdicate that polycarbonate grade bisphenol A 1s generally a white to light tan solid. Storage
conditions and statlity of the test article were not reported

Test Atmosphere Generation and Exposure Chamber Conditions
The exposure chambers were described as 1000 liter stainless steel and glass Rochester-type chambers,

Aur flow 1n the chambers was kept at a rate of approximately 200 liters/mun  Bisphenol A particles were
aerosolized 1 a modified Marple dust generator using approximately 90 hiters/mmn of dry, compressed
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airr Test article particle size was assessed weekly using aerodynamic measurement Test article
concentration was monitored one to three times during each exposure period by gravidometric capture
measurement on Teflon filters. The remaiming air supphied to the test chambers was controlled with
temperature settings kept at 70° F and relative hurmidity settings at 50%. Actual maximum and
minimum temperatures and actual relative humidity values were recorded for each exposure period.

Test Animals

Six- to eight-week old Fischer F-344 rats (20/sex/dose) were supplied by Charles River Breeding
Laboratories, Kingston, NY Rats were examined upon arrival to the performing laboratory by the lab
veterinarian ' All animals were acclhimated according to Standard Operating Procedures of the Sub-
chronic and Chronic Toxicology Laboratory.? Duration of the acclimatization period was not provided in
the study report. Our reviewers note that standard toxicity guidelines recommend a one-week
acclimatization period.

All ammals were stratified by body weight; amimals with outlying body weights were removed and
discarded until only the number of amimals needed for the study remamed Amimals selected for study
were then assigned to treatment groups randomly based on body weight. All animals were individually
housed in stainless steel wire cages and were 1dentified using ear tags Amimals were housed 1n rooms at
72°F with relative humidity at 50%. A 12-hour light cycle was used Male animals weighed between
171 3 and 196.7 grams and female animals weighed between 101 2 and 125 5 grams at study mutiation.

Diet

Certified Rodent Chow® and mumicipal tap water was provided to the ammals ad hbitum except during
exposure pernods The Ralston Purina Co analyzed the food for nutritional value and for contamnants
associated with the formulation process The City of Midland, Michigan performed an analysis of the
water supply. The results of these analyses were not mcluded 1n the study report

Experimental Design

Twenty rats/sex/group were exposed to aerosols of bisphenol A at target concentrations of 0, 10, 50, or
150 mg/m®. Rats were exposed for 6-hours/day, 5-days per week, for a total of mine exposures The
highest dose selected (150 mg/m3) approximated the maximal achievable concentration of polycarbonate
grade bisphenol A m air  Half of the animals (10 rats/sex/group) were sacnificed one-day after the final
bisphenol A exposure (terminal sacrifice group) while the remaining 10 rats/sex/group were allowed to
recover for an additional 29-days without additional exposure to the test article, and then sacrificed
(recovery sacrifice group)

! The performung laboratory was fully accredited by the Amencan Association for Accreditation of
Laboratory Animal Care (A AALAC)

? Standard operating procedure was not provided in the study text.
¥ Certified Rodent Chow was supplied by Ralston Purma Co , St Louis, MO
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Clinical Observations

After each exposure period, ammals were observed and changes in appearance were noted Also,
observations were made daily to check for mortality and availability of food and water On weekends,
observations and monitoring consisted only of removing dead ammals and ensuring the availability of
food and water

Body Weights

Body weight measurements were taken prior to exposure 1, 5, 6, and 9 during the treatment phase and
weekly during the 4-week recovery phase

Food Consumption
Food consumption was not measured.
Clinical Laboratory Determinations

Hematology

Prior to necropsy, blood samples were collected from the orbital sinus from methoxyflurane anesthetized
armimals Standard hematology parameters are histed below. A check mdicates that the corresponding
parameter was evaluated n all non-recovery groups for this study In addition to the parameters included
below, mean corpuscular volume, mean corpuscular hemoglobin, and mean corpuscular hemoglobin
concentration were determined Blood smears were prepared for all animals, but were not evaluated
Dhfferential leukocyte counts were quantified by machine (Honeywell ACS 1000) only for control and
high dose animals. Hematology parameters were not measured n recovery ammals.

v hematocnit/packed cell volume v total leukocyte count
v hemoglobin v differential leukocyte count
v erythrocyte count v --neutrophtls
v clotting potential v --lymphocytes
--clotting time v —-eosinophils
~—prothrombin time v --basophils
--activated partial thromboeblastin time v --monocytes

v --platelet count

Chnical Chemstry

At necropsy, blood samples were collected from severed cervical blood vessels. All samples were
refnigerated or kept on 1ce until chnical chemmstry analyses were performed  Standard clinical chemistry
parameters are listed below. A check mdicates that the corresponding parameter was evaluated 1n all
non-recovery groups for this study. In addition to the parameters listed below, the study authors
determmed globulm concentration. Clinical chermstry parameters were not measured in recovery
animals



Electrolytes QOther

calcium v albumin
chloride bilirubin (total)
phosphorus creatinine
potassium v glucose
sodium v protemn (total)

v urea nitrogen

Enzymes

v alamne aminotransferase’

v alkalime phosphatase

v aspartate aminotransferase’
y-glutamyl transferase

omithie decarboxylase

Our reviewers note that there was no evaluation of serum or plasma electrolytes. Evaluation of
electrolytes 1s a critical indicator of overall health and nutritional plane as well as the integnty of
multiple organ systems (e g , calcium/phosphorus levels are monitors of parathyroid, kidney, bone, and
mtestine, etc ) TFurthermore, there was no evaluation of total bilirubin which 1s an 1important monitor of
erythrocyte breakdown/clearance as well as hepatic function/obstruction. Additionally, there was no
evaluation of creatinine which 1s an 1mportant adjunct to the BUN evaluation to assess renal versus pre-
renal changes. For these reasons, we considered the overall clinical chemistry evaluation to be
mecomplete.

Urinalysis

Urine was collected before the final bisphenol A exposure. The method of urine collection was not
discussed m the study text The following unnalysis parameters were determined in non-recovery
amimals only.

bilirubin protein
ghicose urobilinogen
ketones

blood

specific gravity

pH

* The study authors used the former name of this enzyme (glutamic pyruvic transamunase)

5 The study authors used the former name of this enzyme (glutamuc oxaloacefic transaminase)
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Ophthalmoelogy

An ophthalmic examination was not performed. Qur reviewers note that standard toxicity guidelines
recommend that ophthalmic observations be performed for short-term toxicity tests.

Gross Pathology

Ten amimals 1n each dose-group of each sex were sacrificed via decapitation under methoxyflurane
anesthesia one-day after the last exposure (termimal sacrifice ammals} Ten recovery animals were
sacrificed 1n the same manner 29- days after the final exposure (recovery sacrifice amimals) Prior to
sacrifice, all ammals were fasted overmight  An ACVP-board-certafied veterinary pathologist exanined
the animals for gross alterations at necropsy  The eyes were examned i suu.

Organ weights

At necropsy, the following organs were weighed Relative organ weights (per 100 g body weight) were
also calculated

brain kidneys

heart thymus

hiver testes
Histopathology

A complete set of tissues was collected from all terminal sacrifice and recovery sacrifice amimals as
mdicated by a check on the standard toxicity guideline tissue hist below Additional tissues collected
mcluded oviduct, larynx, lacrimal/Hardenan gland, oral tissues, mesenteric tissues, cervix, tongue,
auditory sebaceous gland, coagulating gland, vagina, and mediastinal tissues Also, the stomach, small
intesting, and large miestine were collected, but the site was not specified.

Tissues were preserved mn 10% neutral buffered formalin Immersion fixation was used with two
exceptions Lungs were filled with fixative by arway perfusion until the normal inspiratory volume was
approximated Nasal tissues were flushed with a fixative using the pharyngeal duct to facilitate rapid
fixation of the mucosal surfaces. Histologic processing and histologic evaluation were performed on
complete tissue sets®’ from control and mgh-dose terminal sacrifice animals and on a lmuted set of
respiratory tract tissues (nasal tissues, larynx, trachea, and lungs) from all recovery sacrifice amimals as
well as intermediate-dose termunal sacrifice ammals.

8 Auditory sebaceous gland was collected by not processed or evaluated
7 The study authors indicated that histologic processing was performed using “conventional techniques

Qur reviewers interpreted this to mean that fixed tissues were trimmed, placed 1n tissue cassettes, dehydrated
through alcohols, embedded 1n paraffin, sectioned at 4-6 um, rehydrated, and stamed with hematoxylin-eosin
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Cardiovascular/Hemopoietic

Digestive system

v aorta v cecum
v bone marrow colon
v heart duodenum
v lymph node (mesenteric and mediastinal) v esophagus
v spleen leum
v thymus jejunum
v hver
v pancreas
v salivary glands
v stomach
Urogemital Neurologic/Special Senses
v epididymides v bramn
v kidneys v eyes
v ovarics (ovary) v pituitary
v prostate v sciatic nerve (peripheral nerve)
v seminal vesicle v spinal cord
v testes
v urinary bladder
v uterus
Glandular Respiratory
v adrenals v lungs
v mammary gland v nasal turbinates (nasal tissue)
v thyrowd/parathyroid v trachea
Musculoskeletal Other
v bone all gross lesions
v skeletal muscle v skin
Statistical Analysis

Quantitative data (1.e., absolute and relative organ weights, clinical chemistry data, appropriate
hematology data, and urine specific gravity) were evaluated by Bartlett’s test for equal variance (p<0.01).
A parametric or nonparametric analysis of variance (ANOVA) was then performed (p<0 1) based on the
results of Bartlett’s test. Dunnett’s test (p<0 05) or the Wilcox Rank-Sum test (p<0 05) witha
Bonferront correction for multiple comparisons was then performed. Outliers were rdentified using a



sequential test (p<0.02) and excluded from analysis. Results of the statistical analyses were then
mterpreted for toxicological and biological significance. “Descriptive statistics” (1 €., means and
standard deviations) were used to present white blood cell differential counts and red blood cell indices.

Appraisal of Experimental Design

A study protocol was not included with the study report for review. Our reviewers feel that the use of
polycarbonate test article and the concentrations employed to be well-considered and well-ustified mn the
study report However, we do note several important deficiencies  The clinical pathology assessment
(hematology, clinical chemustry and urmalysis) was mcomplete as several important components were
omutted: (1) no evaluation of clotting factor function as an mdicator of the ability to form a stable clot,
(2) no evaluation of serum or plasma electrolytes (critical indicators of overall health and nutritional
plane as well as the integnty of multiple organ systems), (3) no evaluation of total bihirubin (important
momtor of erythrocyte turnover and hepatic function); and (4) no evaluation of creatinine (important
adjunct to urea mtrogen evaluation) We also note that food consumption was not measured in the
present study. Although the study was an inhalation study and not a feeding study, we consider
measurement of food consumption a very useful component of most toxicify studies Last, an ophthalmic
examination was not performed as standard toxicity guidelines recommend Because of these
deficiencies, our reviewers consider that this study was only marginally sensitive to detect tox:c effects
of bisphenol A when admimstered to rats via whole body inhalation

RESULTS
Exposure Concentrations
The study authors concluded that the mean analytical concentrations were similar to the desired exposure
concentrations Selected data concerning exposure concentrations and particle characteristics are

reported m Table 1 below

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

Target Concentration Mean Measured Range of Daily Mass Median

(mg/nt’) Concentration Analytical Aerodynamie Diameter
(mg/m’)? Concentration (mg/m’)

0 02+02 0.0t0 05 -

10 iL.1£16 8.8to 14.6 62+05

50 545:x21.1 19610937 26=x1.1

150 1431+336 73 8to 183.2 3407

¥ Deternumed from the daily time weighted average concentration
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Our reviewers note that while the mean measured concentration was sinular to the target concentration in
all dose groups, there 1s a wide range of daily analyzed concentrations as noted by the study authors The
study authors attributed this to mechanical problems. Our reviewers note that the wide range of daily
exposure fevels may have compromised the results of this study because, at times, animals 1n the high-
dose group were being exposed to a lower concentration of test-article than animals m the mid-dose
group. However, the study results were not hikely drastically affected because the time-weighted mean
measured concentration did approximate target concentrations.

Inside exposure chambers, the average temperature was between 21 and 26°C (69 8 - 78 8°F) and
average relative humidity was between 18 and 26% Qur reviewers note that the relative humidity
measured m the exposure chambers was approximately half the target of 50%. Our reviewers note the
chambered animals likely had increased msensible water losses compared to “caged” laboratory rodents,
but that the losses should have been equivalent between test and control amimals with minimal impact on
the study

Clinical Observations

A summary of clinical observations and mdividual amimal data concerning chinical observations was not
included 1n the study report, however, the study authors indicated that animals exposed to 10 mg/m’* did
not exhibit clinical effects significantly different from control amimals  Amimals exposed to 50 and 130
mg/m® of bisphenol A exhibited reddish material around the nose during the exposure period. The study
authors noted that the reddish material may have been porphyrin. Our reviewers also note that
hemorrhage or serosanguinous nasal discharge/exudate can give the appearance of “reddish matenal
around the nose ”

Females m the 150 mg/m® exposure group also exhibited perineal soihing durmng the 2—week exposure
period The study authors attributed these effects to bisphenol 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 shightly decreased at days 5, 8, and 11 (See Table 2
below) A dose dependent trend was evident at each time point and the difference was statistically
sigmficant at day 8§ and at necropsy m the high-exposure group only. After treatment with bisphenol A
was ceased, body weights were similar to control values 1n all exposure groups A similar effect was not
seen n female animals.

? Conversion was made by our reviewers.



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*
0 186,15 8 1974472 2093 +8.1 213187 191554
10 185057 [1964£82 2074+£95 2116x106 187.1+ 9.8
50 183.9+62 |1934=6.9 2036+ 7.8 2089=87 187.3+68
150 184055 [1926+£52 202 7 £5.3% 2071+£58 1828+ 52%

* Statistically sigmificant at & = 0 05 using Dunnett’s test
* Termunal sacrifice animals

Hematology

Analysis of hematology parameters did not reveal treatment-related effects. No statistically significant
values were seen and no dose-dependent relationship were evident 1n any hematology parameter

Clinical Chemistry

The study authors concluded that no treatment-related effects were detected with respect to climcal
chemmstry parameters Our reviewers note that statistically sigmificant (& = 0 05) changes were seen with
respect 1o urea nitrogen, albumin, glutamic oxaloacetic transaminase, and glucose as mdicated in Table 3
below. The changes were shight in all parameters and a dose-dependant relationship was not seen with
the exception of albumin concentration in males  Our reviewers note that data from Charles River
Laboratory'® (6 - 8 weeks old male Fischer rats) indicate that the normal range of alburmin 1s from 3 4 -
4.0 g/dL. The statistically significant value m the 150 mg/m’ group 1s slightly outside of this range
(Charles River Laboratories 1998) Therefore, our reviewers agree that changes mn urea mitrogen, GOT,
and glucose were not treatment-related However, we do suggest that the decrease mn albumin
concentration seen mn the high-dose group may be test-article related because the decrease was
statistically significant, a dose-dependent trend was seen, and the value was outside of the normal range.
A statistically sigmificant value was also seen in female rats that was outside of the normal range for 6 - 8
week old female Fischer rats (3 3 - 4 3 g/dL); however, our reviewers do not consider this to be test
article-related because a dose-response relationship was not evident

19 Charles Ruver Laboratones, Technical Bulletin, Spring 1998
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Table 3. Statistically Significant Clinical Chemistry Parameters

Exposure Clinical Chemistry Parameter
Concentration
(mg/m?) Blood Urea Glutamic Glucose (mg/dL) Albumin (g/dL)

Nitrogen Oxaloacetic

{mg/dL) Transaminase

(mU/ml)

Muales | Females | Muales Females | Muales Females | Males Females
0 1621 | 161 107£12 101£15 | 13312 126413 §35%0 1 3.1=x1
10 17:£2%* | 17+1 117432 89+40* | 134422 119+7 3 4+0.1 311
50 16=1 | 26426*% | 117£30 94+15 12112 112+£7% | 34201 3.2+ 1
150 1741% | 17£3 105+19 167+47 | 134+18 11516 | 3 3+0.1* [ 3.0+ 2*

* Statistically significant at p<0 05

Urinalysis

The study authors indicated that no treatment-related effects were seen with respect to urinalysis
parameters. Our reviewers note that specific gravity was statistically significantly elevated above control
values m the 50 and 150 mg/m® exposure groups as indicated 1n Table 4 below A clear dose-related
trend was not evident, all values remained within normal reference ranges (1 001 - 1 075 [Hall 1992]),
and the increase was slight; therefore, our reviewers agree that no treatment-related effects were evident
with respect to urinalysis parameters. Our reviewers also note that a dose-related decrease in pH was
seen 1n males and the mean urine pH 1n high-dose females was approximately half of a pH umit less than
the mean control value. Qur reviewers note that these decreases m urine pH could have been treatment

related, however, we also note that bacterial growth and loss of CO, in standing urine samples may affect
the urine pH (Hall 1992)

Table 4. Urine Specific Gravity and pH Values from Male and Female Fischer Rats Exposed to
Bisphenol A Aerosol for 2-Weeks

Exposure Specific Gravity pH
Concentration
(mg/m®)

Males Females Males Females
0 1.033£0 017 1 04420 009 8.10+0 70 8.00+0 62
10 103640 014 1034+0.011 7 75+0.48 81540 41
50 1.056£0 009* 1.034+0 011 7.72+0 62 7950 55
150 1.055+0 012% 1 0454+0.009 7.20+0.59 7 45£0.55

* Statistically significant at p<Q 05
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Organ Weights

The study authors indicated that exposure-related effects were not seen with respect to organ weights
(absolute or relative). Our reviewers note that brain werghts relative to body weights were statistically
significantly increased in males exposed to 150 mg/m’® bisphenol A. The study authors attributed the
increase 1n relative brain weights to the statistically significant decrease m body weights of the same
exposure group. Based on Table 7 1 the study report, our reviewers agree. Our reviewers also note that
a statistically sigmificant increase in relative hver weights was seen mn females n recovery ammals of the
high exposure group and a dose-dependent trend 1s evident. Because the merease was shight and only
seen 1 females, our reviewers do not attribute this observation to treatment. Our reviewers also note that
the body weights of this exposure group were the lowest of the four groups, which may have contributed
to the relative mcrease 1 liver weights.

Gross Pathology

Facial soihing and decreased abdominal fat were observed i animals exposed to 150 mg/m’ of bisphenol
A upon gross examnation. The study authors attributed these findings to test-article treatment.
Incidence of decreased abdominal fat and facial soiling are presented 1 Table 5 below, Our reviewers
agree that these observations were related to bisphenol A treatment because a dose-response relationship
was clear. These changes were not seen m the 10 mg/m’ group We note that the observation of
decreased abdomimal fat was consistent with the statistically significant decreases 1n termmal body
weights n terminal sacrifice, high-dose males and the trend to decreased terminal body weights 1n the
terminal sacrifice, high-dose females

Table 5. Treatment-Related Gross Pathology Observations

Exposure Gross Pathology Parameter

Concentration

(mg/m’) Decreased fat in abdominal cavity Facial sothing

Males Females Males Females

0 0/10° 0/10 0/10 0/10

10 0/10 0/10 0/10 0/10

50 0/10 0/10 2/10 0/10
150 3/10 4/10 8/10 6/10

2 Number affected/number examined
Histopathology

Treatment-related, microscopic pathology alterations were restricted to nasal tissues (Table 6 below).
Male rats exposed to 150 mg/m’ and female rats exposed to either 50 or 150 mg/m’ bisphenol A
exhibited very slight to slight mflammation 1n the vestibule region of the external nares and at the
mucotaneous junction. Additionally, high-dose and mtermediate-dose males and females developed low-
grade hyperplasia of the squamous epithehum at the mucocutaneous junction in the anterior portion of
the nasal cavity The mtensity of the nasal changes was generally very slight in intermedrate-dose
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ammals and slight 1n ligh-dose animals, consistent with a dose-response. The study authors noted that
hyperplastic change extended mto the nasal cavity to involve the respiratory epithelium overlyng the
vomeronasal organ. The study authors also noted that the pathologic examiation revealed no further
tissue alterations that were attributed to treatment.

Table 6. Treatment-Related Microscopic Pathology Observations

Microscopic Finding Sex Exposure Concentration (mg/m’)

0 10 50 1350
Nasal tissue Males 0/10° 0/10 7/10 10/10
hyperplasia,
mucoecutaneous junction,
bilateral, Shght OT Very Shght Females 0/10 0/10 9/10 10/10
Nasal tissue Males 2/10 0/10 1/10 10/10
Inflammation,
Subacute to chrontc, external
nares, bilateral, focal, slight or | Females 0/10 0/10 3/10 8/10
very shight
Nasal tissue Males 0/10 0/10 1710 10/10
Inflammation,
Subacute to chronie,
mucocutanecus, hilateral, Females 2/10 0/10 6/10 10/10
focal, slight or very shght

2 Number affected/number examined

No treatment-related effects were detected n the low-dose animals or 1n recovery animals.

ASSESSMENT

Our reviewers believe this study’s ability to evaluate short-term, multiple dose, inhalation toxicity
associated with test-article exposure was limited by the following study deficiencies. First, food
consumption was not measured in the present study Although the study was an mhalation study and not
a feeding study, food consumption data would have been useful mformation 1n light of the test article
effects on decreased body weights and decreased abdormnal fat  Second, the climeal pathology
assessment (hematology, clinical chermstry and urinalysis) was incomplete as several important
components were omutted: (1) no evaluation of clotting factor function as an indicator of the ability to
form a stable clot, (2) no evaluation of serum or plasma electrolytes (cntical indicators of overall health
and nutritional plane as well as the integrity of multiple organ systems), (3) no evaluation of total
bilirubin (1mportant momtor of erythrocyte turnover and hepatic function), and (4) no evaluation of
creatimne (1mportant adjunct to urea mtrogen evaluation). Also, urine was collected prior to the final
bisphenol A exposure, which may have compromused the sensitivity of the study results because the
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urinalysis parameters were evaluated after only 8 bisphenol A exposures, while all other parameters were
evaluated after 9 bisphenol A exposures. The shorter time duration may have compromised the
urmalysis results  Additionally, technical problems prevented a consistent exposure concentration mn the
exposure chambers This resulted 1n a wide variation of exposure concentrations within each exposure
group Although the mean daily exposures were similar to each group’s respective target concentration,
the wide variation of exposure concentrations may have comprormsed the study because the high dose
group (150 mg/m’), at times, was receiving a lower concentration of test article than the mid-dose group
(50 mg/m®) Simularly, the mid-dose group was, at times, bemng exposed to a simlar concentration as the
low-dose group. Last, clmical chermstry, hematology, and unmalysis parameters were not evaluated m
recovery ammals Therefore, our reviewers feel that the study design was not sufficient to detect residual
effects caused by bisphenol A treatment 1n recovery amimals. Because of these limitations, our reviewers
consider that this study was only margmally sensitive to detect toxic effects of bisphenol A aerosol when
admmnistered to Fisher rats for two-weeks via whole body mhalation exposure

CONCLUSIONS

Treatment-related effects are listed in Table 7 below and mclude a shight decrease m body weight gain
(male rats exposed to 150 mg/m’ [a non-statistically sigmficant trend was also seen mn females of this
exposure group]), decreased abdomunal fat, and histopathologie changes including antertor nasal
mflammation and/or epithelial hyperplasa (male and female rats exposed to 50 and 150 mg/m’). No
treatment-related effects were seen with respect to hematology, urmalysis, or organ weight data. No
treatment-related effects were seen 1 recovery animals, no systemic effects were seen in any treated
animals, and no treatment-related effects were seen i amimals exposed to 10 mg/m?; thus the NOEL was
10 mg/m> However, the sensitivity of the study to detect toxic effects was compronmsed by several
factors including madequate chnical cherustry evaluation and the wide range of daily exposure
concentrations seen i each exposure group

Table 7. Selected Treatment Related Effects

Males
Dose Group Effect Severity
Decreased abdomunal fat Not reported
150 mg/m’
Decrease in body werght gam Slight
Histopathologic changes n the Shght to very shight
anterior portion of the nasal
cavity
50 mg/m’ Histopathologic changes m the | Shght to very slight
anterior portion of the nasal
cavity
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Females
Decreased abdonunal fat Not reported
150 mg/m’
Histopathologic changes in the Slight to very shight
anterior portion of the nasal
cavity
50 mg/m’ Histopathologic changes in the | Slight to very slight to very
anterior portion of the nasal slight
cavity
EXECUTIVE SUMMARY

Fischer 344 rats (20/sex/dose) were admunistered bisphenol A via inhalation in whole body exposure
chambers at target concentrattons of 0, 10, 50, or 150 mg/m’ for 14 days Half the animals were
sacrificed immediately after the 2-week exposure pertod and half the animals were sacrificed after a 4-
week recovery period Treatment-related effects included a slight decrease in body weight gain (male
rats exposed to 150 mg/m’ [a non-statistically significant trend was also seen m females of this exposure
group]), decreased abdomimnal fat, and histopathologic changes mcluding antersor naszal inflammation
and/or epithelial hyperplasia (male and female rats exposed to 50 and 150 mg/m’). No treatment-related
effects were observed in the following endpoints. mortality, hematology parameters, urmalysis, or organ
weights. No systemic, treatment related effects were seen 1n any dose group. No treatment-related
effects were seen after a 29 day recovery period The NOEL was considered to be 10 mg/m® The
sensitivity of the study to detect toxic effect was comprommsed by inadequate clinical chemistry
evaluation and the wide range of daily exposure concentrations seen in each exposure group

REFERENCES
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Appendix A: Data Validation

Bisphenol A: 2-Week Aerosol Toxicity Study with Fischer 344 Rats

I. Animals Followed Throughout the Study

20% of all amymals used m this study were selected for review using the random number generator 1t
Microsoft EXCEL and are listed 1n the following table. Data for all animals selected for review were
checked n all tables contaimng individual animal data. No abnormalities were noted 1n examining the
individual animal data.

Males:

Females:
|

0mg/m’ |10 mg/m’ |50 mg/m* |150 mg/m’ |0 mg/m® |10 mg/m® {50 mg/m’ [150 mg/m’

84A9443 |B4A9453 (B4A9488 {B4A9498 |I84A9515 |84A9547 |B84A9570 |B4AS8590

84A9431 |84A9470 |[B84A9484 |84A9507 ||B4A9518 [84A9543 |84A9561 |8B4A9575

84A9433 | 84A9461 |84A9490 |84A9500 |[B4A9519 [B4A9550 [84A9567 |B4A9571

84A9448 |84A9464 |84A9479 [B84A9505 |I84A9528 [84A9534 |84A0562 [B84A9578

II. Critical Effects and Spot Checks

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

The symbol, #, in Table A-6 for female clinmcal chemistry data (pg. 41), was not defined.
Because it was defined in later tables, our reviewers assume 1t 1s probably a statistical outhier
which was not excluded from analysis.

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

In Table A-2 (female body weight data, pg. 34-35), the study authors noted that individual
84A9581 1nt the 150 mg/m’ exposure group was excluded from analysis after day 1 because the
rat was without water for an undetermined length of time. However, data for this animal were
excluded only for body weight calculations and were mcluded for all other calculations (e.g.
organ weight).

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

Group mean values or incident counts were verified through calculation using individual animal data in
the following tables:




. Table 3 (pg. 16): Body weight as indicated m the table below;

Bisphenol A Concentration Day- Males Day- Females
(mg/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 1n the table below;

Bisphenol A Parameter Validated’
Concentration
(mg/m’)
Males: Females:
0 UN, GPT, AP, GOT OPT, AP
10 Gluc, TP, Alb, Glob GOT, Gluc
50 UN, GPT, AP, GOT UN, GPT, AP
150 Glue, TP, Alb, Glob GOT, Gluc
* Abbreviations found 1n 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 mg/m’ exposure group);
. Table 7 (pg. 20): Organ Weights for Animals Necropsied on Experiment Day 12 (males, 10 and

150 mg/m’ exposure group, and females 0 and 50 mg/m’ exposure group); and

. Tabie 8 (pg. 21): Organ Weights for Animals Necropsied on Experiment 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 thymus gland weights for females 1n the 50 mg/m’ exposure group
could not be calculated because of illegible individual data in table A-12 (pg. 51), female organ/body
weight data. Otherwise, no inconsistencies were observed between the summary data tables and our

calculations using individual animal data,




II1. Findings

As noted above, discrepancies or inconsistencies revealed in this data validation included unclear or
illegible footnotes and data. These issues, however, do not affect the confidence 1n this data study report.

N

Lila Chen, B.S. Date

A-3



Contract Number
223-96-2302
Work Assignment Number
2000-20

(ICF 020)

Task Number

02

FDA Study Identification Numbers

313-079

Signature of Program Manager

Date
g-1-0]

£.2

o

~

[

o

w—i



STUDY TITLE
Ninety Day Oral Toxicity Study m Dogs
TESTING LABORATORY
International Research and Development Corporation
COMPLETION DATE OF STUDY
August 3, 1976
SPONSORS OF STUDY
International Research and Development Corporation
STUDY SUMMARY
Compliance and Quality Assurance Statement
A compliance statement or a quahity assurance statement was not included 1n the study report A
protocol was also not included in the study report. Our reviewers note that the study was conducted prior
to the 1ssuance of FDA Good Laboratory Practice regulations

Study Objective

This study was conducted to assess the toxicity of bisphenol A when admimistered to beagle dogs 1n the
diet for 90-days.

Test Article

Bisphenol A was described as a crystalline white powder. The test-article was received from the General
Electric Company, Mt. Vernon, IN on January 19, 1976. There was no information regarding purity or
stability of the test article

Test Animals

The protocol required 32 beagle dogs (4/sex/dose-group} At the begimning of the study, male dogs
weighed 6.6 to 13.4 kg and females weighed 6.5 to 10 7 kg The ages and sources of the dogs were not
provided. However, our reviewers 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
beginning of the study. Our reviewers considered that some of the dogs may have been older at study
uutiation than recommended by standard toxicity testing guidelines However, we note that Haggerty
(1992) indicates that dogs up to 12 months of age are acceptable

All ammals were mdividually housed 1n metal metabolism cages Hurmdity and temperature were
controlled, however, the target range of values for temperature and hurmdity were not reported. Qur

reviewers note that standard toxicity guidelines recommend that the temperature should be kept ata
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range of 64.4 to 84.2° F (16 to 27 ° C) and relative hurmdity should be kept at a range of 30 to 70%.
Temperature and relative hurmdity above this range may atfect food consumption and susceptibility to
toxic agents

Food (ground Purina Dog Chow) and water were available to the animals ad Iibitum. Medicine was
administered to the ammals to expel mtestinal worms and vaccines aganst canine distemper, hepatitis,
leptospirosis, and rabies were provided prior to study mitiation  The study authors indicated that a
conditioning period was present prior to study imitiation, however, the study authors did not mdicate the
duration of the conditioning period Our reviewers note that standard toxicity guidelines recommend a 7-
day acclimatization period for sub-chrome toxicity tests n dogs Lastly, there was no mformation to
indicate whether an initial veterinary exanmnation was conducted to ensure that only healthy dogs were
placed on study

Diet

Diet formulations were prepared by making a concentrated premux, then diluting and mixing the premix
with basal diet in a blender. Homogeneity analysis was not performed on the diets. A concentration
analysis was not performed on the test diets.

Experimental Design

Four dogs/sex/group were exposed to bisphenol A at target concentrations of 0, 1000, 3000, or 9000 ppm
1 the diet for 90 days The data m Table 1 1n the study report mdicate the dogs were weight stratified
prior to group assignment. There was no discussion of randomization

Clinical Observations

Observations were made daily for changes in physical appearance and behavior A general physical
exammation was conducted monthly during the study and once during the conditioning period.

Body Weights and Food Consumption

Body weights and food consumption were measured weekly Spillage was not addressed; our reviewers
note that 1t 1s particularly important to measure spillage in ad hbitum feeding studies.

Clinical Laboratory Determinations

Hematology

Hematology parameters were determmed one time each month during treatment. Standard hematology
parameters are listed below A check mdicates that the corresponding parameter was evaluated 1n all
groups for this study. In addition to the parameters ncluded below erythrocyte sedimentation rate and
reticulocyte count were also determined. The method of blood collection was not reported.



v"  hematocnit/packed cell volume v total leukocyte count
v/ hemoglobmn v differential leukocyte count
v erythrocyte count v --neutrophils
clotting potential v/ --lymphocytes
v --clothing time {partial evaluation} v’ --eosinophils
v --prothrombin fime v’ --basophils
--activated partial thromboplastin time v --monocytes

~-platelet count

QOur reviewers note that the assessment of clotting potential was mcomplete and that partial
thromboplastin time and platelet counts were not measured

Chinical Chenustry

Standard c¢hinical chemistry parameters are listed below A check indicates that the corresponding
parameter was evaluated in all groups for thus study. In addition to the parameters histed below, the study
authors also determned globulin concentration, cholesterol, and albunmuin/globulin ratioc The method of
blood collection was not reported. Our reviewers note that there was no evaluation of serum or plasma
electrolytes Evaluation of electrolytes 1s a critical indicator of overall health and nutritional plane as
well as the integnty of multiple organ systems (e g., calcium/phosphorus levels are momitors of
parathyroid, kidney, bone, and intestine, etc ) There was also no evaluation of creatimine which 1s an
mmportant adjunct to the BUN evaluation to assess renal versus pre-renal changes. For these reasons, we
considered the overall clinical chemistry evaluation to be incomplete

Electrolytes Other
calcium v albumin
chloride v bilirubm
phosphorus creabmnine
potassium v glucose (fasting)
sodium v protemn (total)
v/ urea nitrogen
Enzymes

v/ alanine ammotransferase’

v alkaline phosphatase

v aspartate aminotransferase’
y-glutamyl transferase

ornithine decarboxylase

! The study authors used the former name of this enzyme (glutarme pyruvic transaminase)
% The study authors used the former name of this enzyme (glutamc oxaloacetic transanunase).
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Urinalysig

The following urinalysis parameters were determined Color and appearance of the urine were visually
mnspected and the sediment was examined nmcroscopically.

volume pH

bilirubin specific gravity

glucose occult blood
albumin

Ophthalmology

An ophthalmic exammation was conducted on all dogs prior to exposure and at 3 months using an
indirect ophthalmoscope Pupils were dilated with 1% Tropicanude solution Initial evaluation
established that clarity of the precorneal tear film, cornea, aqueous lens, and vitreous as well as fundic
reflexes Subsequently, the ocular adnexa and ir1s were viewed under magnification and the lens focal
distance was altered to permut visuahization of the fundus.

Gross Pathology

After the 90-day treatment period, all animals were exsangumnated under sodium pentobarbital anesthesia.
At necropsy, selected organs were collected 1n buffered neutral 10% formalin from all animals. Further
details regarding gross pathology procedure were not provided The study authors did not indicate any
procedure used to minimize gross pathology bias (e g., randomization of amimal order for necropsy). Our
reviewers note that multiple personnel may be nvolved mn recording gross lesions and may vary m their
thoroughness, threshold for recording (e g what 15 red to one person may be pink to another), and
termimology used Therefore, procedures to minimze bias are necessary

Organ weights

The followmg organs were weighed at necropsy as indicated m Table 18 of the study report

spleen testes

liver OVAries

adrenals heart

kidneys thyroid/parathyroid
bramn pituitary
Histopathology

All tissues selected for histologic exammation were fixed in 10% neutral buffered formalin. Tissues
were then embedded 1n paraffin, sectioned and stained with hematoxyhn and eosin = A standard l1st of
tissues recommended for histologic examination 1s provided below. A check in the hist indicates that the
tissue was examined 1 all control and high-dose group animals. Details provided by the study authors
are provided m parentheses. In addition to the tissues indicated below, the study authors reported that the
gall bladder, rectum, and tongue were retained and examimed. Based on findings in control and high-
dose group anmmals, dogs exposed to 1000 or 3000 ppm were not examined histologically Our reviewers



consider the histopathologic exammation imcomplete because of the fatlure to examine the heart, bone,

and mammary gland

Standard List of Tissues for Histopathologic Examation

Cardiovascular/Hemopoietic
v/ aorta
v bone marrow

heart
v"  lymph node (mesenteric)
v spleen
v'  thymus

Urogenital
emdidymides

v kdneys

v’ ovaries

v prostate
seminal vesicle

v testes

v/ urmary bladder

v uterus

Glandular
v adrenals

mammary gland
v’ thyroid/parathyroid

Musculoskeletal
bone

v skeletal muscle

Statistical Analysis

Dhigestive system
cecum

colon
duodenum
esophagus
leum

jejunum

liver

pancreas
salrvary glands

SNANSNSNASNANSANSS

stomach

Neurologic/Special Senses
brain

eve (with optic nerve)
prtuitary
nerve

ANANA NS

spinal cord

Respiratory
v lungs

nasal turbinates
trachea

Other
v all gross lesions

v skin

No methods for analyzing the data were reported. It appears that all data, 1f evaluated, were analyzed
using Dunnett’s test. It does not appear that any tests were performed that justified the use of Dunnett’s
test for comparison (e.g., homogeneous and normal data). Our reviewers note that 1f an appropriate



statistical analysis was not performed, statistically significant values are meamingless. Therefore,
statistical methods used 1n this study should have been reported. Furthermore, an analysis for outliers
was not performed Our reviewers note that statistical outliers should be excluded from analysis as
recommended by standard toxicity guidehines.

Our reviewers performed statistical analyses on absolute and relative organ weight data. The data were
checked for normahity and homogeneity using Shapiro-Wilk’s test and Bartlett’s test, respectively The
data for the treatment groups were then compared to the control group using 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 assumption of normality and/or homogeneity were not met, then the non-parametric
test of Kruskal-Wallis followed by Dunn’s method for comparing the group means was used. Our
reviewers note that the power of the statistical analyses was severely himited by the small number of
anmimals m each exposure group (4 anmmals/sex/dose).

Appraisal of Experimental Design

Our reviewers note numerous deficiencies in the experimental design  First, male and female data were
analyzed together for selected parameters (1 ¢, hematology and clinical chemistry parameters). Standard
toxicity guidelines recommend that data for male and female animals be analyzed separately because
male animals may be more or less sensitive than female amimals to treatment. Grouping the data may
mask test-article related effects 1f the effects are seen only 1n one sex Second, the clinical pathology
assessment (hematology, clinical chenustry and urinalysis) was mcomplete as several important
components were omitted (1) no evaluation of serum or plasma electrolytes (crrtical indicators of overall
health and nutritional plane as well as the integrity of multiple organ systems), (2) no evaluation of
creatinine (important adjunct to urea nitrogen evaluation). Additionally, some dogs may have been older
than standard toxicity guidelines recommend (up to approximately 8 months old), however, this was not
likely to significantly affect the study results because animals up to 12-months of age may be used
(Haggerty 1992) Also, means and standard deviations were not reported for organ weight data or
urinalysis data Furthermore, a comphance statement was not mcluded m the study report and a quality
assurance statement was also omutted. Regarding the test article, no concentration analyses were
performed on the dietary muixtures. Without these analyses, 1t 1s not possible to assess the actual doses
delivered to the animals Homogeneity analyses were not performed. Therefore, whether the test article
was adequately mxed and disiributed throughout the diets admimistered to the animals 15 not known.
Additionally, there was no justification for the selected doses and food was provided ad lthtium rather
than on a weight basis. Hence, there may have been differences in the actual quantity of test article
consumed by each dog Also, test article mntake data were not provided. With regard to these
deficiencies, our reviewers note the study was conducted prior to the 1ssuance of FDA GLPs and many
standard toxicity testing guidelines. Last, it was not clear as to what data were analyzed staustically.
Therefore, our reviewers could not deternune 1f appropriate data were correctly analyzed. Furthermore,
the data tables did not indicate the presence of any statistically significant findings  Qur reviewers note
that 1t 1s unlikely that no statistically sigmificant values were detected for any parameter mn this sub-
chronic study Because of these deficiencies, our reviewers do not feel that this study was adequate to
assess the sub-chronic toxicity of bisphenol A when orally administered to dogs 1n the diet.



RESULTS
Mortality
No animals died during the course of this study
Clinical Effects

The study authors concluded that no behavioral changes or changes 1n appearance were related to test
article admimstration. Our reviewers note that clinical data were not provided 1n the study report and
could not, therefore, verify this claim

Ophthalmoscopy

The study authors stated that no changes considered to be related to test-article exposure were seen
during the ophthalmoscopic exarmnations. However, mdividual ammal data were not provided for
verification.

Body Weights

The study authors concluded that no effects on body weights occurred during the course of this study.
Based on a review of Table 1 of the study report, our reviewers agree with this conclusion.

Food consumption

The study authors conciuded that food consumption was sumilar for control and treated animals. Based
on data presented 1 Table 2 of the study report, our reviewers agree with the study authors’ conclusion.?

Hematology

The study authors concluded that no test-article related effects were seen with respect to hematology
parameters. Our reviewers note that male and female hematology data were analyzed together. Standard
toxicity guidelines recommend that male and female data should be analyzed separately because males
may be more or less sensitive to toxic effects of bisphenol A than females For hematology data, n
addition to assessing grouped mean values presented by the study authors (Table 3 of the study report)
for toxicological relevance, we also compared normal ranges for both males and females (Hall 1992) to
individual animal data presented by the study authors (Tables 4 - 7). Based on this comparison, our
reviewers agree that no test-article related effects were observed with respect to hematology because
individual ammal data were generally withm normal ranges and the number of animals outside the
normal range were stmilar among all dose-groups (1 e, the number of animals with values outside of the
normal range did not mcrease from control to high-dose amimals). The most obvious exception was the
apparent neutrophilia n the single 3000 ppm male at 2 months (absolute neutrophil count of 23,900).
However, the 3-month value was normal, suggesting either a transient problem unrelated to treatment, or

3 We note that the mean for the 9000 ppm female body weight was mcorrectly reported as 10 4 durning the
control period The correct value should be 7 8,



a technical error (sampling of marginated leukocyte pool, incomplete dilution). We also note that the
authors only reported the leukocyte differential as relative (%) values.

Clinical Chemistry

No test-article related effects were seen with respect to clinical chemistry parameters. Our reviewers
note that, as with hematology data, male and female chinical chermstry data were analyzed together as
one group. As with hematology data, im addition to assessing grouped mean values presented by the
study authors (Table 8 of the study report) for toxacological relevance, we also compared the normal
ranges for both males and females (Hall 1992) to individual ammal data presented by the study authors
{Tables 9 - 12). Based on this review, our reviewers agree that no test-article related effects were
observed with respect to clintcal chemistry because individual animal data were generally within normal
ranges® and the number of amimals outside the normal range were simular among all dose-groups (1 ¢, the
number of animals with values outside of the normal range did not increase from control to high-dose
ammals).

Urinalysis

The study authors reported that no test-article related effects were observed with regard to urinalys:s
parameters. Our reviewers note that means and standard deviations were not reported for appropnate
urinalysis parameters. Our reviewers calculated mean values for volume, pH, and specific gravity and
note that a dose-related trend was not present for any parameter i males or females (see Table | below)
Furthermore, dose-related trends were not seen with respect to any urinalysis parameter evaluated.
Therefore, our reviewers agree with the study authors’ conclusion that no effects were seen with respect
to urmalysis 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®

Dose Urinalysis Parameter
Volume (mL) pH Specific Gravity
Males Females Males Females Males Females
Prior to Exposure
0 ppm 15194 108+46 6.38+0.25 662+029 | 1022+0.011 | 1.036+0 013
1,000 ppm 139£20 89+61 6 42+0.42 6 62+068 | 10260008 | 10350010
3,000 ppm 102445 126x86 6.50%0 32 6.68=0.50 | 10420005 | 1 028+0.007
9,000 ppm 62429 118+45 6 45=0.17 6.78x0.19 | 1.042+0.016 | 1 0250 008

* Our reviewers note that there were multiple bilirubin values that exceeded the normal range (0.6-0.8
mg/dL}); however, the excessive values were observed m both control and treated animals.
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Dose Urinalysis Parameter
Voelume (mL) pH Specific Gravity
Males Females Males Females Males Females
1 Month After Exposure
0 ppm 99+30 108+54 6 82+0 19 6.82+0 17 | 1.054+0 013 | 1032+0.005
1,000 ppm 138+102 70128 6.95+0 19 6.72+0.05 | 1044+0.018 | 1.054+0 006
3,000 ppm 104433 89452 6 70+0 08 67240 19 | 1.048+0.016 | 1038+0014
9,000 ppm 9431 60+13 6 88+0.32 668+0 15 | 1059£0.009 | 104620010
2 Months After Exposure
0 ppm 86140 98+9 6 80+0.32 6 68+024 | 1057+0.015 | 1.048=0017
1,000 ppm 142+36 75£20 6 9240 39 6 68+0 15 | 1.036+0.017 | 1062+0.008
3,000 ppm 121446 169+80 6 8840 12 6724017 | 1.045£0017 | 10420016
9,000 ppm 8822 79+29 692+0 17 6.68+0 17 | 1.048+0012 | 1 066+0.009
3 Menths After Exposure
0 ppm 51.246.3 47 5+12 6 6=0.29 6 80 37 1.048+0 013 | 1042+0.012
1,000 ppm 77 5+£36 62 5+6.4 6.2+0 15 6.640 13 1.045+0 014 } 1.042:+0 009
3,000 ppm 60 0+42 96 2+37 6 6+0 22 7 0+£0 29 1.0524+0 006 | 1 0400010
9,000 ppm 712+18 51 2+12 6 440 15 66+0 17 10520019 { 1.054£0016

a  Data are presented as mean + standard deviation and were calculated by our reviewers

Organ Weighis

The study authors appeared to evaluated combined male and female data; however, there was no
information m the study text indicating what data were analyzed (1.2, absolute and/or relative data of
which tissues). Therefore, our reviewers analyzed all combined data (absclute and relative tissue
weights) statistically.’ Our results agreed with the conclusions of the study authors that the relative hiver
weights were statistically sigmficantly mereased (p<0 01) in the 9000 ppm exposure group and that no
other sigmificant changes were noted The study authors did attribute the significant increase m relative
liver weights 1n the 9000 ppm exposure group to test-article exposure. Our reviewers note that a dose-
dependent trend was not seen; however, because the effect was seen in both males (14% merease)’ and
females (35% tncrease)®, our reviewers feel that this observation may have been test-article related.

* Qur reviewers note that testis and ovary data were not combined.

§ Calculated by our reviewers




Our reviewers note that the study authors apparently performed statistical analyses on combined data
presumably to merease the number of observations and mcrease the statistical power. We note that
statistical analyses should be performed on male and female data separately because one sex may be
more or less sensitive to treatment than the other sex Therefore, our reviewers also performed statistical
analyses on the male and female data separately. These analyses indicated that the relative hiver weights
were sigmficantly mcreased (p< 0.01) m the 9000 ppm female exposure group but not in the 9000 ppm
male exposure group. The small sample size precluded meamngful mterpretation of the statistical data,
but we do note that a clear dose-related trend was not seen The data do support the conclusion that
treatment-related mcreases mn liver weights in the 9000 ppm bisphenol A exposure group may have been
seen because 1) the combimed male and female did indicate a significant increase m relative liver weights
compared to the control group, 2) female data indicated a significant increase in the relative liver weights
compared to the control group, and 3) absolute liver weights in the males and females were
approximately 14% and 35% greater in the male and female exposure group, respectively, than the
corresponding control groups However, the mcreases in absolute liver weights were not statistically
significant. Taken together, organ weight data indicated a possible treatment-related effect on the liver of
both males and females mn the 9000 ppm exposure groups

Our reviewers also note that a sigmficant decrease 1n the absolute kidney weights was seen 1n males
exposed to 1000 ppm  Our reviewers do not feel that this decrease was indicative of test-article-induced
toxicity because the mean values for the 3000 and 9000 ppm exposure groups were not sigmficantly less
than the control group’s value. Means and standard deviations of the absolute and relative organ weights
for the combined male and female data were calculated by our reviewers and are provided m Table 2
below Means and standard deviations of the separated male and female absolute and relative organ
weight data calculated by our reviewers are reported in Table 3 below. Based on these data, our
reviewers do not attnbute any other observations 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

Tissue Dose Group (ppm)
0 1,000 3,000 9,000
Males and Females Combined
Spleen Absolute® 219441 23.0+£9 4 21 8+5.3 21 8+6.6
Relative® 0 24=0.03 0 2620 08 0 2420 03 0 24+£0.07
Liver Absolute 220,1%42 2 226 5+£51 0 218 24457 271.0+£35.0
Relative® 24+0.2 26=02 24+02 300 3%
Adrenals Absolute 12402 11+02 1101 1.3+0 2
Relative 1.330.2 12+0.2 12£02 1.4+£0.2
Kidneys Absolute 43.6£9.7 376+7 8 42.2+7.6 44.8+4.8
Relative® 0 48+0 06 0 43+0.03 0.46+0.05 0.49+0.05
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Tissue Dose Group (ppm)
0 1,000 3,000 9,000
Heart Absolute 75.7£12 3 76.7£19.9 72 649 6 78.5+7.0
Relative® 0 84+0.10 0.87+0 12 0.7940.09 0 86+0 06
Thyreid/ Absolute 1.10+£0 18 111£0.13 104+0.11 1.24+0 30
parathyroid
Relative® 1.24+0 28 1.30+0.30 11420 15 1.37£0.40
Brain Absolute 72.0+8.3 71 7103 70.8+£6.8 70 848 3
Relative? 0 80=0 10 0.84+0 16 0.78+0.06 0.77+0 05
Pituitary Absolute 0 060+0 02 0 065+0.02 { 0560 006 0 0600 01
Relative 0.66x0.18 0 74+0 15 0 6240 10 0 64+0.10
*  Statistically sigruficant at p<0 05 by Dunnett’s test
a  Absolute data reported in grams, relative data reported as % of body weight
b Relative adrenal and thyroid/parathyroid weights were reported as % of body weight x 100
¢ Relative pituitary weights reported as % of body weight 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
Tissue Dose Group (ppm)
0 1,000 3,000 5,000
Males
Body Weight (kg) 10.5x£1.5 98+£26 98+1.2 10040 9
Spleen Absolute? 233£25 2324104 242+70 25 6+7.8
Relative® 0 22+0.03 02340 04 0.24+0.04 0.26+£0.10
Liver Absolute 254+16 245453 24751 290418
Relative® 24403 25103 25402 20+03
Adrenals Absolute 1.2140.12 1.19+0.13 1.12+0.13 127+0.1
Relative® 117+0.15 1 2640.23 115026 127+0.09
Kidneys Absolute 512+£26 39 618.2* 48.5%5 2 47.6+2.6
Relative® 0.498+0.08 0 408+0 03 0 495+0.04 0 480+6 06
Testes Absolute 13.1+4.1 16.7£5.4 15.3£5.8 15 144.5
Relative® 0.125x0.02 0.1720.03 0.152+0.04 0 150+0.04
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Tissue Dose Group (ppm)
0 1,000 3,000 9,000
Heart Absolute 82 7+6.5 81.3£16 75 210 84,343 4
Relative® 0 80+0.10 0 85+0 16 0 760 07 0 84+0 09
Thyroid/ Absolute 1.12£0.19 1.11+0 19 1.110 08 1.21+0.31
parathyroid Relative® 1.10+0 3 1.19+0 4 1.1440.2 1.2240.4
Bramn Absolute 772423 77 6+3.6 73 6£7.9 76245 8
Relative® 0.74+0 08 0.84+0.24 0 75+0 04 0 76+0.03
Pitwitary Absolute 0.065+0.02 0 066=+0.006 0 056+0 007 0 06+0.01
Relative® 0.62+0 2 0.70+0.15 (0 58+0.13 0 63+0,12
Females
Body werght 78+13 8.0+1.9 8.5%05 84+0 5
Spleen Absolute 206+£53 227499 19 3£0.8 17 9+1.4
Relative® 0 26x0.03 0 28+0 1 023002 0 22+0.02
Liver Absolute 187+30 5 208+49 189+0.8 252+40
Relative? 2410 16 2.6+0.14 224012 3 00 40%*
Adrenals Absolute 1.12+0 3 0 980+0 2 1.12+01 12940 3
Relative® 1 4440 22 124+0.25 1.32+0 10 153027
Kidneys Absolute 36.1£7 7 357481 36 0£1.6 41945 1
Relative® 0 460 02 044+0 03 0.42+0.01 0 50+0 04
Ovaries Absolute 0.71+0.14 0.69+0 08 14+£12 13+0.72
Relative® 0910 12 0 88+0.17 17+15 1 5+0.77
Heart Absolute 68.8+13.6 720+£24 6 70.0£9 6 727+3 4
Relative® 0.88+0 1 0 88+0 09 0.82+0.1 0 &7+0 02
Thyroid/ Absolute 107+6.2 111007 0.96+0.09 1.28+0 33
parathyroid
Relative® 1.38+0.20 1424022 1.14+0.14 152+0.42
Brain Absolute 66.8+9.2 65.8+£12.0 68.1£5.2 65 4+7.1
Relative® 0 86+0.09 0.8320 08 080008 0 7820 06
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Tissue Dose Group (ppm)

0 1,000 3,000 9,000
Prtustary Absolute 0 056=0.02 0.063+£0.03 0 056+0 006 0 056+0 01
Relative® 0.70£0 1 0 76+£0.17 0.66+0.04 0 66x0.08

*  Statistically significant at p<0 05 by Dunnett’s test

**  Statistically sigmificant at p<0 01 by Dunnett’s test

a  Absolute data reported mn grams, relative data reported as % of body weight

b Relative adrenal, thyroid/parathyroid, and ovary weights were reported as % of body weight x 100
¢ Relative prtuitary weights reported as % of body weight x 1,600

Gross Pathology
Table 4 below reports the incidence of gross lesions in each exposure group as reported by the study
authors m Table 17 of the study report. The study authors concluded that no treatment-related effects

were observed with respect to gross pathology. Based on the necropsy observations presented 1n the
study report, our reviewers agree that no test-article related effects were observed in any dose group

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

90 Days
Male Exposure Group Female Exposure Group
Gross Lesion
0 1,000 | 3,000 | 9,000 | O 1,000 | 3,000 | 9,000
No gross lesions 2748 1/4 1/4 3/4 2/4 2/4 2/4 3/4

Lymphoid Tissues

Gut-associated Lymphoid Tissues

Prominent Peyer’s patches 1/4 0/4 0/4 0/4 0/4 0/4 /4 0/4

Spleen

Capsular hemosiderosis, 0/4 0/4 0/4 0/4 0/4 /4 1/4 0/4
focal®

Gastrointestinal Tract

Stomach

Focal mucosal congestion 0/4 0/4 0/4 0/4 0/4 0/4 1/4 0/4

Duodenum

Focal mucosal congestion 0/4 0/4 0/4 1/4 0/4 0/4 0/4 0/4
and edema
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Male Exposure Group Female Exposure Group

Gross Lesion
0 1,000 | 3,000 (9,000 | O 1,000 | 3,000 | 9,000

Heocecal valve

Focal mucosal congestion 1/4 1/4 1/4 0/4 2/4 2/4 1/4 1/4

Colon

Contents adhered to mucosa 1/4 1/4 1/4 0/4 0/4 0/4 0/4 1/4

Mucosal congestion 2/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4

Cecum

Focal mucosal congestion 0/4 0/4 1/4 0/4 0/4 0/4 1/4 6/4

Rectum

Focal mucosal congestion 0/4 0/4 0/4 0/4 0/4 /4 1/4 0/4

Ling

Congestion and hemorrhage, | 1/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4
nght lung, cardiac lobe

Focal congestion and 0/4 1/4 0/4 0/4 0/4 0/4 0/4 0/4
hemorrhage, left lung,
cardiac and diaphragmatic
lobe

Foci, night lung, (/4 0/4 1/4 0/4 0/4 0/4 0/4 /4
diaphragmatic lobe

Urinary Bladder

Dark red raised foct on 0/4 0/4 0/4 0/4 0/4 0/4 1/4 (/4
mucosa

a  Data reported as number of amimals with leston/total number of anunals 1n group
b Thts diagnosis includes the 2x2 cm yellowish zone covered by yeliowssh granules observed on the capsular
surface of spleen

Histopathology

Table 5 below summarized the microscopic lesions in each exposure group The study authors concluded
that no test article related effects were seen with respect 1o histopathology. Based on Table 19 of the
study report, our reviewers agree. However, we note that there were no histologic findings in the hver,
despite the increased liver weights seen 1n both males and females. Given the ad Iibitum availabihty of
food, we were surprised not to see occasional diagnosis of hepatic vacuolation and/or fatty change.
Thomassen (1992) indicates that microscopic alterations are reported most frequently n the liver 1 dogs
on toxicity 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

Male Exposure Group Female Exposure Group
Microscopic Lesion®

0 9,000 0 9,000
Pitmitary, cyst 0/4 0/4 0/4 1/4
Thyroid/parathyroid, multilocular 0/4 (/4 1/4 0/4
cyst
Adrenal, inflammatory cell foci -- 0/4 1/4 (3)° 0/4 0/4
cortex
Lung, perivascular inflammation 0/4 1/4 (2) 14 (2) 0/4
Lung, focal interstitial pneumoma 1/4 (4) 0/4 1/4 (2) 0/4
Spleen, hemosiderosis 2/4 (3) 2/4 (3) 1/4 (3) 0/4
Salivary gland, penductal 0/4 1/4 (3) 0/4 0/4
mflammation
Salivary gland, mterstitial 0/4 0/4 0/4 1/4 (4)
inflammation

a  The bramn, spinal cord, penipheral nerve, eye, heart, aorta, lymph node, thymus, bone marrow, esophagus,
stornach, large mtestine, rectum, pancreas, gallbladder, kidney, skimn’, urinary bladder, and skeletal muscle were
considered normal 1 alt exposure groups

b Histologic seventy grades 2 = very shight, 3 = slight, 4 = moderate, 5 = marked, 6 = extreme. The scale was
apparently 0-6, but the attnibution for “1” was not provided

ASSESSMENT

Our reviewers behieve that this study 1s of limited utility and sensitivity n evaluating the sub-chronic
toxicity of bispheno! A to Beagle dogs The study was compromused by lack of concentration and
homogeneity analyses, lack of test article intake analysis, limited clinical chemustry evaluation, and
grouping the male and female data for analyses.

CONCLUSION

No treatment-related effects were observed with respect to mortality, clinical observations, body weight,
food consumption, hematology parameters, clinical chemmstry parameters, urinalysis parameters, gross
pathology, or ustopathology. Liver weights were mcreased in male and female animals exposed to 9000

7 One control male and two high-dose males did not have an “n” next to the skin (indicating normal
tissue); therefore, there was not indication that the skin was exanuned m these animals
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ppm bisphenol A. The NOEL was 1dentified as 3000 ppm. However, our reviewers believe this study 1s
of limited utihity and sensitivity 1n evaluating the sub-chronic toxicity of the test article to Beagle dogs.

EXECUTIVE SUMMARY

Beagle dogs (4/sex/group) were administered bisphenol A mn the diet at target concentrations of 0, 1000,
3000, or 9000 ppm No treatment-related effects were observed in the following endpomnts. mortality,
chinical observations, body weight, food consumption, hematology parameters, clinical chemustry
parameters, urmalysis parameters, gross pathology, or histopathology. Liver weights were statistically
significantly mncreased 1in dogs exposed to 9000 ppm. This was considered treatment related. Thus, the
NOEL was considered to be 3000 ppm However, this study 1s of limmted utility and sensitivity due to
numerous study limitations icluding lack of concentration analyses, and limited climical chermstry
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 animals used in this study were selected for review using the random number
generator in Microsoft EXCEL and are listed in the following table. Data for all animals selected for
review were checked in all tables containing individual animal data. No abnormalities were noted

exarmning the mdividual animal data,

Males: Females:

Control 1000 ppm ;3000 ppm {9000 ppm I{Control 1000 ppm |3000 ppm | 9000 ppm

75-717 75-718 75-725 75-732 175-741 75-752 75-743 75-744

II. Critical Effects and Spot Checks

A study protocol was not included 1n the study report; therefore, a companson of the study protocol to
the materials and methods was not performed. However, information included in the summary, methods,
results, discussion, and tables were exarned. All findings are presented below.

. The study authors stated in the methods that they performed opthalmoscopic examinations on all
dogs. They reported in the results that no changes were considered to be related to the
compound, however, no individual data were included in the study report.

. Table 2, (average food consumption, pg. 10), included a footnote that said data were not
available for that animal. No further explanation was given.

. Tables 4-7 (ind1vidual hematological values for control, 1, 2, and 3 months, pgs. 12-15), Tables
10-12 (individual biochemical values-for 1, 2 and 3 months, pgs. 18-20), and Tables 14-16
(individual urinalysis values for 1, 2, and 3 months, pgs. 22-24) had footnotes stating that some
data were repeat deterrminations. No further explanation was given.

Group mean values were venfied through calculation using individual animal data in the following
tables. Standard deviations were not calculated because the data were not included mn the report.

. Table 1: Body weight (males, control and 3000 ppm exposure group, females, 1000 and 9000
ppm exposure group for control week 1 and administration 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: Hematologcal values (ail 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 during control, control and 3000
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ppm at | month, control at 2 months, and 3000 ppm at 3 months);

Table 13-16: Urinalysis data - Mean urinalysis data were not mcluded in the study report;
therefore, data validation of individual data to mean data was not performed; and

Table 18: Organ weights - Mean absolute and relative organ weight data were not included 1n the
study report; therefore, data validation of individual data to mean data was not performed.

The following deviations were noted:

In Table 1 (body weight, pg. 9), the mean body weight for females at 9000 ppm for control week
1 was recorded as 10.4 kg, but was calculated by our data validator as 7.9 kg.

In Table 8 {(mean biochemical value, pg. 16), alkaline phosphatase at 9000 ppm for the control
was recorded as 115 uw/mi, but was calculated by our data validator as 119 uw/ml.

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

In Table 8 (mean biochemical value, pg. 16), albumin at 3000 ppm for 1 month was recorded as
3.96 gm/100 ml, but was calculated by our data validator as 3.834 gm/100 ml.

In Table 8 (mean biochemical value, pg. 16), S.G.O.T. at 3000 ppm for 1 month was recorded at
36 wml, but was calculated to 37 wml, and cholesterol of the control group at 1 month was
recorded at 153 mg/100 ml, but was calculated by our data validator as 154 mg/100ml. Qur
reviewers assumed these to be rounding errors.

INl. Findings

As noted above, discrepancies or mnconsistencies revealed in this data validation included unclear
footnotes and differences in reported and calculated means of body weight and biochenucal data. These
1ssues, however, do not affect the confidence in the study data.

Lilia Chen, B.S.
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STUDY TITLE
Bisphenol A: 13-Week Aerosol Toxicity Study with Fischer 344 Rats
TESTING LABORATORY
Mammalian and Environmental Toxicology Research Laboratory Health and Environmental Sciences
The Dow Chemmcal Company
Midland, MI
COMPLETION DATE OF STUDY
March 18, 1988
SPONSORS OF STUDY

Dow Chemcal U.S.A., Midland, MI

STUDY SUMMARY

Statement of Compliance and Quality Assurance

A signed and dated comphance statement was included 1n the study report. The study director indicated
that the study was conducted 1n compliance with U S EPA Good Laboratory Practice Regulations (Title
40, CFR Parts 792, 798.2450, and 799)

A signed and dated quality assurance {QA) statement was also mcluded mn the study report with a list of
mspection dates Based on the provided dates, the quality assurance findmgs were reported promptly to
the study director and management This QA statement also indicated that the study was conducted i
accordance with EPA and FDA published Good Laboratory Practice Regulations

Study Objective

Thas study was conducted to determine the toxicity of whole body inhalation exposure to 0, 10, 50, or
150 mg/m’ polycarbonate grade bisphenol A aerosol to Fischer 344 rats for 13-weeks (6 hr/day, 5
days/week). Animals were also observed over a 4- or 12-week reversibility period following treatment to
assess reverstbility of any treatment-related effects and to deterrne any residual effects resuling from
bisphenol A treatment

Test Article

The test article, polycarbonate grade bisphenol A (lot TB 84071221), was described as a light-colored
solid and was supplied by The Dow Chemical Company, Freeport, TX. Only smaller particles (separated
using a 1 mm mesh, steel screen) were used to generate the aerosol. Compositional analysis did not
reveal any differences between the original sample and the sample that was separated using the steel
screen.



Bisphenol A was found to be 99.7% pure as determined by gas chromatography with thermal
conductivity detection and 99.9% pure as deterrmined by differential scanning calorimetry. Three
impurities reported by the study authors were 0 1% phenol, approximately O 1% 1sopropeny! phenol, and
0 1-0 3% 2,4-1sopropylidene diphenyl.

After the last exposure, the test article was reanalyzed for stability. The study authors mndicated that the
test article was stable throughout the study duration.

Test Animauals

Six-week old Fischer 344 rats (30/sex/dose) were obtained from Charles River Breeding Laboratories,
Kmgston, NY The study authors indicated that Fischer rats were chosen because of the availability of
hustorical data on these anmmals and because the same species was used 1n a previous bisphenol A aerosol
study.! The laboratory vetermarian evaluated the health status of each animal upon armival to the testing
facility 2 All animals were acclimatized for at least 7-days prior to study mitiation.

All rats were ranked by body weight; ammals with outlying body weights were removed until only the
number of animals needed for the study remamed. Ammals chosen for study were then assigned to
treatment groups randomly based on body weight. Ammals were mdividually housed 1n stamnless steel
mesh cages (including exposure periods) and were 1dentified using ear tags Temperature and relative
hurmdity were kept at 22° C and 50%, respectively. A 12 hour hght/dark cycle was used Ammals not
chosen for study were housed 1n a separate room.

Diet

Animals were fed ground Purina Certified Rodent Chow #5002* and municipal tap water ad libitum
except during exposure pertods. Food was analyzed by the supplier for nutritional value and for selected
contaminants. The study authors also indicated that the municipal tap water was analyzed periodically.

Experimental Design

Thirty rats/sex/group were exposed to aerosols of bisphenol A at target concentrations of 0, 10, 50, or
150 mg/m3. Rats were exposed for 6-hours/day, 5-days per week, for 13-weeks. The highest dose
selected (150 mg/m®) approximated the maximal achievable concentration of polycarbonate grade
bisphenol A 1n air  Ten rats/sex/group were sacrificed one-day after the final bisphenol A exposure
(termmal sacrifice group), 10 rats/sex/group were allowed to recover for 4-weeks, and 10 rats/sex/group
were allowed to recover for 12-weeks without additional exposure to the test article, and then sacrificed
(4-week and 12-week recovery sacrifice groups, respectively).

¥ Nitschke et. al., 1985a and 1985b

2 The testing facility was accredited by the American Association for Accreditation of Laboratory Animal
Care (AAALAC)

3 Ralston Purma Company, St. Lows, MO



Exposure Chamber and Aerosol Generation System

Exposure to bisphenol A aerosol was carried out in Rochester-type steel and glass chambers under
dynamic airflow conditions Air flow 1n the chambers was kept at a rate of approximately 225 liters/mun
(13 5 air changes/hour).

Bisphenol A particles were aerosolized in a modified Marple dust generator using approximately 60
liters/min of dry, compressed air. The remaining air supplied to the test chambers was filtered and
climate-controlled with temperature settings kept at 22°C and relative hurmidity settings at 50%.
Temperature, relative humidity, and airflow were recorded at 30 munute mtervals during exposure.

An aerodynamic particle sizer was used to measure the mass concentration and aerodynamic particle size
of the test-article in the breathing zone of the animals m the exposure chambers (from 5 points in the
chamber). Test-article concentration was deterruned using a mass monitor or gravimetrically three times
per day for each chamber. Particle size was measured weekly using a cascade impactor and aerodynamic
particle sizer durmg the exposure period.

Clinical Observations

Prior to study initiation, an ophthalmic examination was conducted on all amimals using a penlight The
study authors indicated that no sigmficant ocular lesions were found* After each exposure, all amimals
were observed for changes 1in appearance. Changes 1n the fur, eyes, mucous membranes, and respiration
were included in the observations Also, behavior patterns and nervous system activity were evaluated
by noting changes 1n lethargy, tremors, convulsions, salivation, lacnmation, diarrhea, and other signs of
altered central nervous system function (not specified by the study authors)

Durning weekends, daily observations and monitoring was lrmited to ensuring that food and water were
available to the animals.

Body Weights and Food Consumption

All amimals were weighed prior to study mmitiation and weekly thereafter until sacrifice Body weight
gain was not calculated. Food consumption was determined weekly Spillage was not recorded.

Clinical Laboratory Determinations

Prior to necropsy, blood samples were collected from the orbital sinus from methoxyflurane-anesthetized
amimals. The following parameters were evaluated

* Our reviewers note that penlight examination reveals information about the lens, anterior chamber,
conjunctiva, and sometimes tapetum  No information 1s provided regarding the retina unless an ophthalmoscope or
ophthalmic loop 15 also used. Additionally, the quahifications of the person(nel) performing the pre-study 1mtiation
penlight exarminations were not imdicated 1 the study report.
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Hematology

Standard hematology parameters are listed below. A check indicates that the corresponding parameter
was evaluated in all groups for this study. In addition to the parameters included below, mean
corpuscular volume, mean corpuscular hemoglobin, mean corpuscular hemoglobmn concentration, and
reticulocyte count were deterrined. Erythrocyte and leukocyte morphology were evaluated on blood
smears during the leukocyte differential counting process. Nucleated red blood cells were included m the
differential leukocyte counts.

v hematocrit/packed cell volume total leukocyte count

v hemoglobin differential leukocyte count
v’ erythrocyte count --neutrophils

v

--clofting time --eosimophuls

--prothrombin tine ~-basophils

--activated partial thromboplastin time --monocytes
v --platelet count

v
v
v
clotting potential (partial evaluation) v --lymphocytes
v
v
v

Our reviewers considered the assessment of clotting potential to be incomplete as only platelet numbers
(tndicator of ability to form primary hemostatic plug) were evaluated. Prothrombin time and activated
partial thromboplastin time were not evaluated, hence, there was no determination of clotting factor
function (indrcator of ability to form stable clot).

Chinical Chemastry

At terminal sacrifice, blood samples were collected to determine the following clinical chemstry
parameters. All samples were refrigerated or kept on 1ce until chinical chemustry analyses were
performed. Standard clinical chemistry parameters are listed below. A check mdicates that the
corresponding parameter was evaluated in all groups for this study In addition to the parameters histed
below, the study authors determined globulin concentration.

Electrolyvtes Other
calcium v alburmn
chlonde bihirubn (total)
phosphorus creatinine
potassium v glucose
sodium v protem (total)
v urea nitrogen



Enzymes

v alanine ammotransferase’

v alkaline phosphatase

v aspartate aminotransferase®
y-glutamyl transferase

ornithme decarboxylase

Our reviewers note that there was no evaluation of serumn or plasma electrolytes Evaluation of
electrolytes 1s a erttical mdicator of overall health and nutritional plane as well as the mtegrty of
multiple organ systems (e.g., caletum/phosphorus levels are monitors of parathyroid, kidney, bone, and
mtestine, etc ) Furthermore, there was no evaluation of total bilirubin which 15 an important monitor of
erythrocyte breakdown/clearance as well as hepatic function/cbstruction Additionally, there was no
evaluation of creatinine which 1s an 1mportant adjunct to the BUN evaluation to assess renal versus pre-
renal changes. For these reasons, we considered the overall chnical chermstry evaluation to be
incomplete

Urninalysis

Urmalysts was not performed Our reviewers consider urmalysis important as a critical indicator of
urmary tract damage

Ophthalmology

Ophthalmic exams were not conducted during the study. Our reviewers do not consider post-mortem
macroscopic or microscopic evaluation of the eyes sufficient to elucidate all ophthalmic changes. For
example, the globe 1s generally fixed and hardened off prior to sectioming. The usual histologic sections
are taken relatively centrally within the globe The lens and vitreous body may or may not be included 1n
the typical histologic sections. The retina may be artifactually detached Peripheral (nasal or temporal)
ocular structures (particularly mternal ocular structure) may never be viewed by a pathologist and
treatment-related alterations may never be diagnosed. For these reasons, we considered the overall
ophthalmology evaluation to be incomplete

Gross Pathology

Ten animals were necropsied immediately after the final exposure to bisphenol A, ten amimals were
sacrificed 28 days after the final bisphenol A exposure, and ten animals were sacrificed 12 weeks after
the final bisphenol A exposure. The same necropsy method was used for all animals sacrificed. Prior to
sactifice, all amimals were fasted overmight A comprehensive gross pathology examination was
conducted at necropsy, eyes were examined m-situ  The study authors indicated that all ammals were
humanely euthamized, however, the method of euthanasia was not provided 1n the study text

> The study authors used the former name of this enzyme (glutamic pyruvic transaminase)
8 The study authors used the former name of this enzyme (glutamic oxaloacetic transaminase)
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All animals were submutted for a complete gross necropsy, however, no details regarding this procedure
were provided. The study authors did not indicate any procedure used to minimize gross pathology bias
(¢.g., randomization of ammal order for necropsy) Our reviewers note that multiple personnel may be
mvolved in recording gross lesions and may vary in their thoroughness, threshold for recording (e.g what
1s red to one person may be pink to another), and termmology used. Therefore, procedures to mimmize
bias are necessary, but were not described in the study report

Organ weights

The following organs were weighed at necropsy. Relative organ weights (per 100 g body weight) were
also calculated

bramn lung (wet weaght)
liver testes
kdneys

Histopathology

A complete set of issues was collected from all termimal sacrifice and recovery sacrifice animals as
indicated by a check on the standard toxicity guideline tissue list below Additional tissues collected
included auditory sebaceous glands, cervix, coagulating glands, lacimal/harderian glands, larynx,
mediastinal tissues, mesenteric tissues, oviducts, rectum, tongue, and vagina

Standard List of Tissues for Histopathology

Cardiovascular/Hemoporetic Digestive system

v aorta v cecum

v bone marrow v colon

v heart v duodenum

v lymph node (mediastinal, mesenteric) v esophagus

v spleen v tleum

v thymus v jejunum
v liver
v pancreas
v salivary glands
v stomach



Urogenital Neurologic/Special Senses

v eptdidymides v bramn (cerebrum, brainstem, cerebellum)
v kidneys v eyes

v ovaries v pituitary

v prostate v nerve (peripheral)

v sermmal vesicle v spinal cord (cervical, thoracic, lumbar)
v testes

v urinary bladder

v uterus

Glandular Respiratory

v adrenals v lungs

v mammary gland v nasal turbinates

v thyroid/parathyroid v trachea

Musculoskeletal Other

v bone v all gross lesions

v skeletal muscle v skin

Tissues were preserved 1n 10% neutral buffered formalimn. Immersion fixation was used with two
exceptions Lungs were filled with fixative by airway perfusion until the normal nspiratory volume was
approximated Nasal tissues were flushed with a fixative using the pharyngeal duct to facilitate rapid
fixation of the mucosal surfaces Histologic processing and histologic evaluation were performed on
complete tissue sets from control and hmgh-dose terminal sacrifice animals.

Restricted tissue sets were exanmuned for other treatment, control, and sacrifice groups as indicated 1n
Table 1 below Histologic evaluation was by a board-certified vetermary pathologist (L. Lomax, D.V.M,,
PhD,DACVPER).



Table 1. Tissues Evaluated Histologically in Each Sacrifice Group

Sacrifice Time Dose Group(s) Tissues Evaluated Histologically
13-Week Terminal Controls Complete tissue set - HE shides
Sacrifice 150 mg/m’ Nasal tissues - PAS/alcian blue
10 mg/m® Nasal tissues, lungs, cecum, gross lesions -
50 mg/m’ HE shdes
4-Week Recovery Controls Nasal tissues, lungs, mediastinal tissues,
Sacrifice 150 mg/m’ mediastinal lymph nodes, trachea, cecum,

and gross lesions - HE shides
Nasal tissues - PAS/alcian blue

10 mg/m® Nasal tissues, lungs, cecum, gross lesions -
50 mg/m’ HE slides
12-Week Recovery Controls Nasal tissues, lungs, mediastinal tissues,
Sacrifice 150 mg/m® mediastinal lymph nodes, trachea, kidneys,
cecum, and gross lesions - HE shdes
10 mg/m’ Nasal tissues, lungs, kidneys, gross lesions
50 mg/m’ - HE shides

Our reviewers note that the study protocol and protocol amendments were not available for review, so we
could not determine whether the histologic processing and evaluation of the restricted/customized tissue
sets was strictly justified For example, the rationale for examiming kidneys 1n all 4-week recovery
sacrifice animals but not in any 13-week sacrifice, low- and intermediate- dose animals was not apparent
The study authors did not explain this inconsistency n the study report narrative, We also assumed that
cecum was mncluded in the restricted tissue sets because 1t had a gross lesion that was potentially related
to treatment (discussed further 1n the Results section). However, examination of “grossly normal” cecal
tissues probably should have required a protocol amendment

Lastly, we also note that the submandibular, tracheobronchial and varous cervical lymph nodes were not
collected (the sternal lymph node and caudal deep cervical lymph node may have been mcluded as
“mediastinal issues”) Although evaluation of these lymph nodes 1s not always included in sub-chronic
toxicity studies, 1t can be important 1n mhalation studies as these lymph nodes serve as
drainage/clearance routes for particles collected on various respiratory surfaces.

Statistical Analysis

Quantitative data (1 e., body weights, absolute and relative organ wetghts, clinical chemistry data, and
appropriate hematology data) were analyzed using Bartlett’s test for equality of variance (o = 0.01). A
parametric or non-parametric ANOVA (e = 0.1) followed by Dunnett’s test (a = 0.03) or Wilcoxon
Rank-Sum test with Bonferroni correction for multiple comparisons (¢ = 0 05) was used to evaluate the
data. Outliers were 1dentified using a sequential test (¢ = 0.02) and excluded from analysis only 1f
scientifically sound reasons were evident. Statistically sigmficant findings were only considered



toxicologically relevant when a dose-dependant trend was evident and when the findings did not
contradict other biological findings

Appraisal of Experimental Design

The study protocol and any protocol amendments were not available for review. Our reviewers
considered the study to have several important strengths and multiple critical weaknesses. Strengths
mcluded selection of dose and form of the test article (1.e., selection of filtered, respirable particles of
polycarbonate hisphenol A, doses based on previous short-term toxicity testing) as well as careful
attention to dehivery and momitoring of approprate, stable, relatively umform, test-article concentrations
under realistic exposure conditions 1n a toxacity testing laboratory. However, our reviewers 1dentified
multiple deficiencies n the study design based on recommendations of standard sub-chronic toxicity
testing gudelines. Body weight gain was not calculated and food spillage was not measured or
addressed. The chinical pathology assessment (hematology, clinical chemustry and urnalysis) was
incomplete as several important components were omitted: (1) no evaluation of clotting factor function
ag an mdicator of the ability to form a stable clot, (2) no evaluation of serum or plasma electrolytes
(critical indicators of overall health and nutritional plane as well as the integrty of multiple organ
systems), {3) no evaluation of total bilirubin (important monitor of erythrocyte turmover and hepatic
function), and {(4) no evaluation of creatinine (1mportant adjunct to urea nitrogen evaluation).
Ophthalmology was incomplete as ophthalmic exams were only performed on animals prior to entry on
study and post-mortem macroscopic and microscopic examination of the globe 1s mnsufficient to elucidate
all ophthalmic changes potentially related to treatment Urinalysis was not performed Urnnalysis is
recommended by standard toxicity guidelines and 1s an ndicator of urinary tract damage Because of
these deficiencies, our reviewers were forced to consider the study margmally sensttive to assess the sub-
chronic toxic potential of bisphenol A 1n rats exposed via whole body inhalation.

STUDY RESULTS
Test-Article Concentration

Mean daily exposure concentrations were determined to be within 7% of target concentrations. The
daily range of exposure concentration varied more sigmficantly (up to approximately 35% varation from
target concentration). The trme-weighted averages, however, indicated that the exposure concentrations
were usually close to target concentrations Analysis of the diameter of the particles indicated that most
of the aerosol particles were respirable n size. Table 1 below presents selected exposure chamber data.



Table 2. Exposure Concentrations and Mass Median Aerodynamic Diameter of the Test Article

Dose Group | Exposure Range of Daily Mass Median Mass Median

(mg/m?) Concentration (Time | TWA Exposure Aerodynamic Aerodynamic
Weighted Average Concentration Diameter Diameter
[TWA]D Determined with | Determined

laser velocimetry | Gravimetrically

0 0 2+0.1 mg/m* 0.0-0.7 mg/m’ - -

10 10.5+1.0 mg/m® 8 5-13 5 mg/m’ 1 5246.3 um 2.18+0.73 pm

50 53 3+3.9 mg/m* 45 9-63 5 mg/m’ 2 89+0.55 pm 5.15£1.06 pym

150 148 6£13 1 mg/m’ 99 0-176 7 mg/m’ | 2 14+0.38 um 3 74+1 16 pm

Mortality

One male animal exposed to 10 mg/m® died from “traumatic causes” on day 16 of exposure The
sacrifice group of this animal was not reported 1n the study text. Based on data presented in the summary
tables, 1t appears that this animal belonged to the 13-week sacrifice group. Further explanation of the
death was not provided. No other amimals died during the course of the study.

Clinical Effects

13-week Termunal Sacrifice Group. A summary of clinical effects was not included 1n the study report

Furthermore, our reviewers note that the study authors did not differentiate between terminal sacrifice
groups and recovery groups when presenting clinical effects. In the results section of the study report,

the study authors reported that reddish material (likely porphyrin) was observed around the nose of male
and female ammals exposed to 50 or 150 mg/m’ The number of animals affected was not reported. The
study authors also reported that a very slight amount of porphyrin-like matenial was seen around the nose
of several male amimals exposed to 10 mg/m’, and a very slight amount of porphyrin was seen around the
nose and eyes of several females i the same dose group Perineal soi1ling was also seen n several
animals (male and female) exposed to 50 or 150 mg/m® bisphenol A and 1n 2 female animals exposed to
10 mg/m’ The study authors indicated that these effects did not mtensify over the 13-week exposure
period

Body Weights

13-Week Terminal Sacrifice Group. Body weight data were reported in Tables 3 and 4 of the study
report. Male and female animals exposed to 50 or 150 mg/m® exhibited statistically sigmficant decreases
1n body weights compared to control values throughout the study Additionally, male and female amimals
exposed to 10 mg/m’® had body weights that were statistically sigmficantly lower than control values for
most of the exposure duration The study authors reported that at week 13 the decrease m body weights
relative to control animals for males and females in the 10 mg/m’ exposure group were approximately 4
and 2%, respectively Our reviewers note that body weights were statistically significantly decreased at
almost every measurement between study imitiation and week 13 of treatrnent for males (except at
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measurement day 78 and 92) and a dose-dependent trend was evident. Terminal body weights were
decreased 1n male and female, termmal sacrifice animals exposed to 150 mg/m® (5 and 11% decrease
relative to controls, respectively).

4-Weck Recovery Group. After a 4-week recovery period, body weights were still depressed mn male
animals exposed to 150 mg/m’. Body weights for all other animals were simular to control values

12-Week Recovery Group. After a 12-week recovery period, body weights of males exposed to 150
mg/m’ were statistically significantly decreased compared to control values. Body weights of females of
this exposure group and males and females of all other exposure groups were not statistically different
from contrals

Body weight gamn was not measured.
Food consumption

The study authors concluded that food consumption was similar for control and treated animals
throughout the study period and during the recovery period Based on review of Tables 5 and 6 of the
study report, our reviewers agree that there were no statistically sigmificant differences between control
and treated groups with respect to food consumption. Our reviewers note consistent, non-statistically
significant, approxmmately 4 8% and 5 7% decreases 1n total food consumption n the high-dose, terrmnal
sacrifice males and females, respectively. Further, we note that the study authors did not address
spillage, decreasing our confidence in the precision of the food consumption measurements and our
ability to determine the exact relationship between food consumption and body weight and/or body
weight gain  However, we observed that the non-statistically significant decreases in food consumption
were greater in females whereas the statistically sigmficant decreases 1n body weight were greater in
males. This suggested males were more sensitive than females with respect to the test article effects on
body weight and that the decreased body weights in males were greater than that expected due to
decreased food consumption alone.

Hematology

13-Week Terminal Sacrifice Group. The study authors indicated that a statistically sigmificant increase
n hemoglobin concentration was seen in termunal sacrifice males rats exposed to 10 mg/m’® bisphenol A
The study authors concluded that this increase was not biologically significant Our reviewers do not
attribute this observation to test article exposure because the mcrease was seen at only one exposure level
and the effect was slight. No other statistically significant findings were observed

4-Week Recovery Group, After a 4-week reversibilhity period, female ammals exposed to 10 or 150
mg/m’ had statistically significantly decreased white blood cell counts. Our reviewers note that aii total
leukocyte counts were within normal reference ranges for young adult CD rats (3-14 5 x 10°/uL [males];
2-11.5 x 10%/ul. [females] - Hall 1992). The study authors mdicated that the differential counts were
comparable to controls; however, they did not calculate the absolute differential counts and provided the
mformation as relative percentages Our reviewers calculated the following absolute differential counts:
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Table 3. Absolute Differential Leukocyte Counts Calculated by Our Reviewers

Dose Group Neutrophils | Lymphocytes Monocytes Eosinophils Basophils
(mg/m’)
0 1020 4740 180 60 0
10 611 3950 94 47 47
50 850 4000 100 100 0
150 846 3710 94 47 0

Although neutrophi] counts were decreased 17-40% compared to control values, all values fell within
normal reference ranges for young adult CD rats {(0.3-3.0 X 10*/uL [males], 0.1-2.0 X 10*/uL [females] -
Hall 1992) Again, our reviewers note that all total leukocyte counts were within normal reference
ranges for young adult CD rats (Hall 1992) and agreed with the study authors that biological variability
was the most likely explanation.

12-Week Recovery Group  After a 12-week reversibility period, male amimals i the low- and high-dose
groups both had statistically significantly increased white blood cell counts, The study authors attributed
the increase to natural biological variability and not to bisphenol A treatment because the differential
counts were comparable for all exposure groups Our reviewers also note that a dose-response
relatronship was not evident.

Clinical Chemistry

13-Week Terminal Sacrifice Group. The study authors concluded that clinical chermstry parameters
were not affected by test article exposure The study authors noted the presence of several statistically
significant changes n clinical chemistry parameters, these are listed in Table 4 below. The study authors
reported that these findings were not biologically significant. Our reviewers do not attribute the
statist:cally sigmificant observations to treatment because a dose-response relationship was not evident
and the changes were slight We do note that dose-related trends were seen with total protemn and
alburmin concentration n females; however, the values remamed within reference ranges for female
Fischer rats of similar age (3.5 - 4 3 g/dL).”

7 Charles River Laboratortes, Technical Bulletin, Spring 1998
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Table 4. Statistically Significant Clinical Chemistry Findings

13-Week Terminal Sacrifice Males

Dose Group {mg/m’) SGPT (MU/mli) SGOT (MU/mL) Gluc (mg/mL)
0 56x23 79+£30 12015
10 4247 63+5 11110
50 48418 6617 120423
150 38+6" 61+£5% 102+£15%

13-Week Terminal Sacrifice Females
Dose Group (mg/m’) AP (MU/mL) TP (g/dL) ALB (g/dL)
0 46+6 62403 38402
10 48+9 6 2+0.2 3.8+0.1
50 61+8* 6.2+0.2 3.7+0.1
150 59=12% 6 00 2% 3640 1*

# Statistically different from control value (=0 05) using Wilcoxon's test
* Statistically different from control value («=0.05) using Dunnett’s test

4-Week Recovery Group  After a 4-week recovery period, glucose levels were increased in males

exposed to 150 mg/m® Females in the same exposure group had increased alkaline phosphatase and
decreased serum glutarmc pyruvic transaminase activities, Alkaline phosphatase activity was also
increased m females exposed to 10 mg/m® The study authors did not consider these effects to be
toxicologically significant Based on a review of Tables 21 and 22 of the study report, our reviewers
agree with the study authors’ conclusions

12-Week Recovery Group, After a 12-week recovery period, urea nitrogen levels were slightly clevated
m male rats exposed to 10 or 150 mg/m’ and total protein and globulm concentration were statistically
stgnificantly lower than control values 1n female rats exposed to 150 mg/m® bisphenol A (Tables 31 and
32 of the study report) Our reviewers note that all statistically significant values were within normal
ranges for female Fischer rats of similar age and therefore do not attribute these observations to
treatment.’®

Urinalysis

Urmalysis was not performed.

¥ Charles River Laboratonies, Techmcal Bulletn, Spring 1998

13



Organ Weights

13-Week Terminal Sacnifice Group. The study authors concluded that no treatment-related effects were
observed with respect to organ weights. A summary of statistically significant changes 1n absolute or

relative organ weights are presented 1n Table 5 below for all non-recovery animals.

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

Males Dose Group

Parameter 0 10 (mg/m’) 30 (mg/nt’) 150 (mg/m’)
Terminal body weights (g) | 297 3=13.9 286 3x12 1 260 5=19.7 282.0x1t.0
Liver weights (g) 729640 31 6 914=0.34" 7 4190 92 6.96x0 24*
Females Dose Group

Parameter ] 10 (mg/m’} 50 (mg/m’) 150 (mg/m’)
Terrmnal body weights (g) | 174 5+£13.5 172 9+£57 165 2+5 7 156 049 0*
Relative Brain weights 09930 05 0.987+0 03 1.044+0 04* 1 099+0.05*
(g/100)

Kidney weights (g) 1 14740 11 1.104+0 06 1 083=+0 04 1 034+0.06%
Liver weights (g) 4 448+0 39 4 326+0 24 4314+0 21 4112+0.31*
Relative Lung weights 0 45740 02 0 456+0.02 0 464=0 02 0 4850 02*
(g/100)

# Statistically significant (oo = 0 035) using Wilcoxon’s test
* Statistically sigmificant (o = 0 05) using Dunnett’s test

The study authors attributed mcreases in relative organ weights to decreases m whole body weights and
not to bisphenol A treatment because associated microscopic changes were not present  The study
authors noted previous similar effects (O1shi et Al., 1979)° in rats on a feed restriction diet. Qur
reviewers only partially agree and consider the increases in relative organ weights to be secondary to the
primary effect of bisphenol A to decrease body weight mdependent of decreased food consumption (at
least in the more sensitive male sex) Furthermore, our reviewers note that absolute kidney weights were
statistically sigmficantly decreased in females in the high dose group A dose-related trend was evident
This observation was also seen in animals 1n the 4- and 12-week recovery sacrifice groups (the decrease
was not statistically sigmificant in ammals of the 4-week recovery group). Therefore, our reviewers
assert that the dose-related decreases in absolute kidney weight in high-dose females were likely related
to treatment with bisphenol A,

9 Oishy, S, Oishy, H, and Hivaga, K (1979). The effect of food restriction for 4 weeks on common
toxicity parameters 1n male rats, Toxicol. Appl. Pharmacol 47, 15-22
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4-Week Recovery Group. After a 4-week recovery period, final body weights were statistically
significantly decreased (approximately 6%) 1n both males and females m the high-dose group. Males of
the same dose group also had increased relative brain weights that were statistically sigmficant Our
reviewers note that this was likely associated with the statistically sigmificant decrease in body weights
Also, males 1n the mid-dose group had a statistically significant increase 1n relative hver weights A
dose-dependent trend was not observed, therefore, our reviewers do not attribute this observation to
treatment. Females mn the high-dose group had a statistically significant decrease m terminal 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
mg/m’ had a statistically significant decrease i absolute kidney weights as previously noted No other
statistically significant observations were noted

Gross Pathology

13-Week Terminal Sacrifice Group Gross observations that were considered test-article related are
mcluded 1n Table 6 below. The study authors noted that increased cecal size (lugh- and intermediate-dose
animals) was not accompanied by alterations 1n cecal wall morphology. The increased size was
attnibuted to distention of the cecum with food ingesta by the study authors. Gastric erosion or uleeration
did not accompany the hemolyzed blood found 1n the stomach (high- and intermedrate-dose males, nmd-
dose females); however, the study authors did indicate that munmimal gastric erosion may have occurred as
a secondary response to treatment Porphyrin staining of the face and urme staining of the perineum
were described as secondary responses to stress  Qur reviewers were not convinced by the study authors’
explanations for the gross pathology findings. Regarding the potential relationship between cecal
distension and excess mgesta, we note that the treated ammals had shightly lower food consumption than
control animals (although statistically significant changes were not seen), therefore, 1t was unlikely that
the distension was secondary to the excess mgesta. Additionally, we note that there are multiple causes
of large intestinal dilatation (including neurologic causes) for which no distinctive histologic findings are
evident and the excess ingesta 1s secondary to primary distention.

Regarding the attribution of multiple observations (hemolyzed blood in stomach with or without gastric
erosion, porphyrin staining of face, urine staining of perineum) to stress responses, we note the
following. We agree that those observations can be ascribed to chronic adrenal corticosteroid release or
other prolonged stress responses and that prolonged stress responses can certainly be observed 1n high-
dose animals on sub-chronic or chronic toxicity studies. However, in the present study, there was limited
evidence for “so-called stress responses.” There were no changes n the penipheral blood picture to
indicate chrontc adrenal corticosteroid release (1.¢., mature neutrophiha and chronic lymphopenia were
not evident) and there were no changes histologically (see below) to suggest adrenal cortical alterations
or gastric erosion  We consider 1t was likely that the hemolyzed blood 1n the stomach was respiratory or
oropharyngeal in origin. We also consider 1t possible that some of the reddish stamming on the face was
secondary to low-grade, possibly intermittent, blood loss from respiratory or oropharyngeal tissues. We
note that low-grade, possibly mtermittent, blood loss from respiratory or oropharyngeal tissues, would
lead to the coughing up and swallowmng of small amounts of blood (hence, deposition 1n the stomach)
and mught leave little trace on the pharyngeal or respiratory mucosae. Lastly, we note that the
submandrbular lymph nodes were not examined histologically (1t cannot be determined whether these
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tissues were exarmined grossly), and that traces of low-grade pharyngeal or respiratory blood loss might
also be found 1n these locations.

Table 6. Treatment-Related Gross Observations

Dose Group

0 10 mg/m’ 50 mg/m’ 150 mg/m’
Gross
Observation Males | Females | Males | Females | Males Females | Males Females
Increased /10 0/10 0/10 0/10 10/10 10/10 16/10 10/10
Cecum Size
Facial Soihng - | 0/10 0/10 0/10 0/10 10/10 7/10 9/10 2110
porphyrin
Perineal Soithing | 0/10 0/10 0/10 2/10 9/10 10/10 9/10 10/10
Stomach 0/10 0/10 0/10 0/10 7/10 2/10 3/10 0/10
{(hemolyzed
blood)

4-Week Recovery Group  After a 4-week recovery period, the enlarged cecum was stll evident mn males
exposed to 150 mg/m’ hisphenol A

12-Week Recovery Group  After a 12-week recovery period, no macroscopic alterations were evident

Histopathology

13-Week Ternmunal Sacrifice Group Histologic alterations associated with bisphenol A exposure were
restricted to the mucosae and submucosae of the nasal passages and ranged from very shight to moderate
1n mtensity m terminal sacrifice males and females (Table 7 below). Changes mcluded bilaterally
synunetrical hyperplasia of the stratified squamous epithelium of the anterior portion of the ventral
meatus, hyperplasia of the cihiated respiratory epithelium adjacent to the vomeronasal organ, and
inflammation of the underlying submucosae at both sites. Our reviewers noted that these hyperplastic
and nflammatory changes are common chronic responses of the respiratory tract to uritation and that the
anterior portion of the ventral meatus would be the first site of contact with bisphenol A particles
delivered by 1nhalation and deposited by gravity (perhaps secondary to aggregation i sifu). We also
noted that the particles were “respirable 1n size” and hence should not have been deposited at this site.
The only other explanation 1s local chronic irritation/reactive inflammation in response to the mnhalation
process 1tself, but that there was not evidence of reactive mflammation 1n the anterior nares of the control
animals The changes 1n the local respiratory epithelium adjacent to the vomeronasal organ were
indicative of further local deposition or irritation. Lastly, the study pathologist also diagnosed goblet cell
hyperplasia 1n respiratory epithelium lining the naso- and maxillo- turbinates and lateral nasal wall. We
note that this again 1s a histologic response to chronic umitation as the iritant spreads further into the
nasal passages.
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We agree with the study authors that no treatment-related changes were evident lower m the respiratory
tract (e g , histologic changes were not evident 1n larynx, trachea and/or lung, or hmuted set of lymph
nodes examined which drain the respiratory tract). Evaluation of a wider set of cervical, submandibular,
and tracheobronchial lymph nodes was not performed.

Table 7. Treatment-Related Histopathologic Observations

Histopathology 0 mg/m’ 10 mg/m’ 50 mg/m’ 150 mg/m’

Endpont
Males | Females t Males | Females | Males | Females | Males | Females

Hyperplasia, 0/10 0/10 0/10 0/10 10/10 | 10/10 10/10 | 10/10
stratified squamous
epithelium, bilateral,
multifocal (slight to
very shight)

Hyperplasia, 0/10 0/10 0/10 0/10 16/10 | 10/10 10/10 | 10/10
epithelial, respiratory
epithehium, bilateral,
multifocal (shight to
very slight)

Inflammation, /10 0/10 0/10 0/10 10/10 | 10/10 10/10 | 10/10
chronic, submucosa,
bitateral, multifocal

(shight to very slight)

Hyperplasia, goblet 0/10 0/10 0/10 0/10 10/10 § 10/10 10/10  10/10
cell, respiratory
epithelum, bilateral,
mulfifocal (shght to
moderate)

4-Week Recovery Sacnfice Group. After a 4-week recovery period, very shght inflammation of the
submucosa was still evident n the anterior nasal cavity in high-dose males and females Goblet cell
hyperplasia (very shght) was also evident The study authors mterpreted these observations to mdicate
partial resolution of the treatment-related, hustologic changes in the nasal cavity during the 4-week
recovery period Our reviewers agree

12-Week Recovery Sacrifice Group. After a 12-week recovery period, no treatment-related histologic
alterations were observed 1n the nasal cavity, mdicative of full resolution of the treatment-related effect.
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ASSESSMENT

Our reviewers feel that this study was only marginally sensitive to detect toxic effects to Fischer rats
after whole body acrosol exposure to bisphenol A because of multiple study deficiencies. First,
urmalysis was not performed. Standard toxicity guidelines recommend urinalysis to assess kidney
damage. Second, the climcal pathology assessment (hematology, climcal chermstry and urinalysis) was
incomplete as several important components were onutted (1) no evaluation of clotting factor function
as an mdicator of the ability to form a stable clot, (2) no evaluation of serum or plasma electrolytes
(critical indicators of overall health and nutritional plane as well as the mtegnity of multiple organ
systems); (3) no evaluation of total bilirubin (1mportant monitor of erythrocyte tumover and hepatic
function); and (4) no evaluation of creatinine (important adjunct to urea mitrogen evaluation) Third,
body weight gam was not calculated and food spillage was not measured or addressed. Last,
ophthalmology was incomplete as ophthalmic exams were only performed on animals prior to entry on
study and post-mortem macroscopic and microscopic examination of the globe 1s insufficient to elucidate
all ophthalmic changes potentially related to ireatment. Because of these deficiencies, our reviewers
consider the study only marginally sensitive to assess the sub-chromc potential of bisphenol A 1n rats
exposed via whole body mhalation

CONCLUSION

13-Week Termunal Sacnifice Group. All treatment related effects are listed n the foliowing table. No
effects were seen with respect to chinical chemustry or hematology parameters. Body weights were
statistically sigmificantly decreased in all exposure groups throughout the exposure period, but recovered
somewhat by the end of treatment Gross pathology observations considered to be related to treatment 1
male and female ammals exposed to 50 or 150 mg/m’ included enlarged cecum, facial staming with
porphyrin, perineal soiling, and hemolyzed blood 1n the stomach Two females exposed to 10 mg/m’ also
had permeal soiling and several male and female animals had facial starming (most likely porphyrin)
Histologic findings were seen m both males and females exposed to 50 or 150 mg/m”® and included very
shght goblet cell hyperplasia in the respiratory epithelium adjacent to the ventral meatus and on nasal
turbmates. There was also a very slight nflammation of the submucosa beneath the epithelium adjacent
fo the vomeronasal organ.

4-Week Recovery Group. After a 4-week recovery period, enlarged cecum was stifl evident m males
exposed to 150 mg/m® Also, very slight inflammation of the submucosa was still evident in the antenor
nasal cavity mn high-dose males and females and goblet cell hyperplasia (very slight) was also evident in
male and female amimals exposed to 150 mg/m’.

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

observations

Parameter Observation Groups Affected
Gross pathology | Increased cecum size 50 and 150 mg/m’, males and females
Facial soiling 50 and 150 mg/m’, males and females
Perineal soiling 50 and 150 mg/m’, males and females
and 10 mg/m’ females
Hemolyzed blood 1 stomach 50 and 150 mg/m’, males and females
Histopathology | Squamous and respiratory epithelium 50 and 150 mg/m’, males and females
hyperplasia
Goblet cell Hyperplasia 50 and 150 mg/m’, males and females
Chronic inflammation of the submucosa | 50 and 150 mg/m?, males and females
Chnical Reddish material around the nose 50 and 150 mg/m’, males and females

10 mg/m’, males and females

Perineal soiling

50 and 150 mg/m®, males and females

10 mg/m’, 2 females

Body Weights

Decrease in body weights

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

Organ Weights

No effects related to treatment

Chniecal No effects related to treatment
Chenustry

Hematology No effects related to treatment
Food No effects related to treatment
consumption

Mortality No effects related to treatment

Based on a 5.1% decrease mn body weights (males) and on clinical observations (porphyrn staining

around the nose (males and females), and permeal staimng (females) m animals exposed to 10 mg/m®,
our reviewers do not agree with the study authors’ conclusion that the NOEL was 10 mg/m’. Based on
effects seen m animals exposed to 10 mg/m’, our reviewers do not feel that a NOEL was established for
this study. However, this study was of hmited sensitivity to detect toxic effects of bisphenol A when
admnistered to Fischer rats via whole body inhalation exposure because of numerous study deficiencies
including incomplete clinical chemmstry, ophthalmic, and histopathologic evaluations
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EXECUTIVE SUMMARY

Fischer 344 rats (30/sex/dose) were administered bisphenol A via inhalation m whole body exposure
chambers at target concentrations of 0, 10, 50, or 150 mg/m’ for 13-weeks, One-third of the animals
were sacrificed immediately after the 13-week exposure period, one-third of the animals were sacrificed
after a 4-week recovery period, and one-third of the animals were sacrificed after a 12-week recovery
period Treatment related effects included. statistically sigmificantly decreased body weights m all
exposure groups that recovered somewhat by the end of treatment; gross pathology observations 1n males
and females exposed to 50 or 150 mg/m® including enlarged cecum, presence of hemolyzed blood 1n the
stomach, and perineal and facial so1ling; and histopathologic findings 1n both males and females exposed
to 50 or 150 mg/m’ including very shght goblet cell hyperplasia in the respiratory epithelium adjacent to
the ventral meatus and on nasal turbinates There was also a very slight inflammation of the submucosa
beneath the epithelium adjacent to the vomeronasal organ.

After a 4-week recovery pertod, enlarged cecum was still evident m males exposed to 150 mg/m’. Also,
very shight inflammation of the submucosa was still evident i the anterior nasal cavity 1n high-dose
males and females and goblet cell hyperplasia (very slight) was also evident. All treatment related
effects seen during treatment were no longer present after a 12-week recovery period

No treatment-related effects were observed 1n the following endpomnts mortahity, hematology
parameters, organ weights, or climcal chenustry parameters. No systemic, treatment related effects were
seen 1n any dose-group. No treatment-related effects were seen after a 12-week recovery period. The
NOEL was considered to be 10 mg/m’ by the study authors, however, based on a 5 1% decrease 1n body
weights of males and climical observations (porphyrin staining of the nose [males and females] and
permeal staining [2 females]) seen 1n amimals exposed to 10 mg/m’, our reviewers do not feel that a
NOEL was established Additionally, this study was considered to be of limited sensitivity 1in evaluating
the sub-chronic toxicity of bisphenol A for numerous reasons including inadequate clinical chemustry
evaluations and mcomplete ophthalmic evaluation
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Appendix A: Data Validation

Bisphenol A: 13-Week Aerosol Toxicity Study with Fischer 344 Rats

I. Animals Fellowed Throughout the Study

Individual animal data were not mncluded m the study; therefore, zﬂdiwdual ammal data were not
followed.

1I.  Critical Effects and Spot Checks

A study protocol was not included 1n the study report; therefore, a comparnison of the study protocol to

the materials and methods was not performed. Also, no spot checks were performed because individual

arimal data were not included in the study report. However, imnformation mmcluded in the summary,

methods, results, and discussion were compared with available data. All findings are presented below.

. The study authors noted in the results that individual 87A0633 died from traumatic causes on test
day 16. No further explanation was included.

III. Findings

A data validation was not performed due to the lack of individual animal data and a study protocol;
however, mformation included in the summary, methods, results, and discussion appeared consistent.
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