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EXECUTIVE SUMMARY

The draft NTP report on the chronic inhaiation studies with 2-butoxyethano! (BE)
identified the forestomach and liver of B6C3F1 mice as potential target drgans for
tumorigenicity (NTP, 1998). Based upon the general lack of genotoxicity and the known
hemolytic mede of action of BE ia rodents, it is likely that these potential treatment-
relat_d tu:. . rs occurred via indirect mechanisms involving chronic tissue injury. For e
liver tumors, the kemolytic effects of BE and subsequent accumulation of degradauce
byproducts may have increased the levels of reactive OXygen species. Mice are peculiarlv
sensitive to oxidative stress, relative to rats and humans. Furthermore, humans arc
relatively insensitive to BE-induced hemolysis. For the forestomach tumors, chronic,
coniact irritation from grooming of BE derosited on the fur or mucociliary clearance of
BE dissolved in the mucous layers of the respiratory tract may hav- becn a contributing
factor. Altemnatively, systemic delivery of BE or, more likely, its major metabolite,
butoxyacetic acid, at a high dose-rate may have caused chronic irritation iv the mouse
forestomach and subsequently increased the probability of spontaneously-initiated cells
progressing to tumors. These potential indirect mechanisms w.re investigated in a series
of studies conducted at Battelle Northwest and at the Indizna University School of
Medicine (Dr. J. Klaunig, Principle Investigator).

At Battelle Northwest, the potential role of oral ingestion via grooming in the productica
of forestomach lesions of female mice exposed to BE via whole bady vs. nose-only
inhalation exposures was investigated. Small amounts of BE were removd from the fur
of female mice exposed for 6 hr to target concentrations of 250 ppm BE vapor. The total
dose that was available for oral consumption via grooming was 9.2 + 2.9 mg/kg for the
whole-body exposure (229.2 ppm BE) and 7.5 + 2.3 mg/kg for the nosc-only exposure
(241.8 ppm BE). Very little difference was detected in the internal dos= of BE resulting
from whole-body vs. nose-only exposure as determined by analysis of BE and its major
metabolite, BAA, in blood collected immediately post-exposure and in urine collected for
up to 18 hr post-exposure. Small amounts of BE were detected in the urine which was
attributed to residual BE on the fur and not from urinary elimination. Although this was
not a mass-balance study, the amounts of BE depositec on the fur of mice represented 9-
13% of the total BAA eliminated in the urine. BE deposited on the fur and consumed via
grooming during the exposure as well as orally consumed via mucociliary clearance of
BE deposited in the mucous layer lining the respiratury tract was not accounted for in this
study. Nevertheless, there is evidence that at least a small amount of neat BE was
available for oral consumption via grooming and that the poter.tial role for chronic, daily
oral doses in mouse forestomach toxicity cannot be ruled nut.

To evaluate whether direct contact with BE can cause iorestomack lesions and evaluate
the potential role of hemolysis-med:ated oxidative stress in the liver, neat BE (no vehicle)
was administered to male and female mice at dose levels up to 1200 mg’kg/d for one
week. Feed was withdrawn from each 2mimal 4 hr prior to dosir.g and returned 2-3 hr
post-dosing to mimic the conditions of the inka'ation studv. The dose levels used in this
study resulted in severe hemolysis and mortaiity that was not predicted in a 1-week dose
range finding study and ti.c two-weex swd: was terminated after oaly 4 doses. Nea: BE
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was clearly shown in this oral gavage study to cause iritation to the mouse forestomach
similar ¢ that obser. :d by the NTP followi:ig inhalation e.posure. Forestomach lesions
consisted of focal areas of irritatior and epithelial hyperplasia. The compensatory
proliferative response was confirmed b, PCNA immunohistochemistry.  This clearly
established that direct oral administration of neat BE is capable of causing iesions in the
mouse forestormach.

To investigate whether or not parenteral administration of BE could also produce
forestomach lesions in mice, additional mice were administered saline solutions of BE by
either inwraperitoneal (IP) or subcutaneous (SC) injection. Dose levels were 400 and 600
mg/kg/d for three consecutive days (probe study: n = 3/group) or 0 {saline control) and
400 mg/kg/d for five consecutive days (full study; n = 6/group). All three mice
administered 600 mg/ig BE by IP injection for three days in the probe study showed
clear evidence of focal irritation in the forestomach similar in appearance to the lesions
observed in gavage and inhalation studies. One of three mice/group in each of the 400
mg/kg IP and 400 ani 600 mgkg SC groups 1n the 3-day probe study also had
forestomach lesions, but these were considered minimal. Spontaneous lesions similar to
these can c.cur in untreated mice. In the $-day study at 400 mg/kg/d, 1/6 IP-dosed mice
and 2/6 SC-dosed mice aiso had minimal lesions that were potentially treatment-related;
none were otserved in the controls. Together, these data suggest that forestomach
lesions in the mouse may be induced by systemic adm:nistration and may not require
direct contact with BE. It is further possible that the metabolite, BAA, may play a role in
producing the forestomach lesions since the [P Injection route results in first-pass liver
metabolism while SC injection does not. Interestingly, these lesions had not been
observed in previous drinking water studies conducteg by NTP suggesting that the lesions
may be dose-rate dependeni.

In the liver evaluations, there was no evidence of degeneration and no corresponding
compensatory cellular regeneration in mice adminisicred neat BE by gavage. In addition,
there was no remarkable accumulation of hemosiderin in Kuppfer ceils (H&E stain)
althougn there was a clear dose-response increase in iron content in Kuppfer cells (Perl
stain} and to a much lesser degree in hepatocytes. The increase in iron may play a
potentially significan: role in cxidative stress in these cells. The potential for oxidative
stress in the livers of these mice was evaluated and reported separately by the Indiana
University School of Medicine (Kamendulis et al.. 1999).
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INTRODUCTION

2-Butoxyethanol (BE) was recently evaluated in a series of inhalation toxicity studies by
the National Toxicology Program. Whiie the technical report of this research program
has not been reviewed and approved by the NTP Board of Scientific Counselors, the
results have been prepared for public review and comment (NTP, 1998). Preliminary
resuits from those studies have identified the forestomach and liver of B6C3F!1 mice as
potential target organs for tumorigenicity. These potential treatment-related tumors
likely occurred via indirect mechanisms involving chronic tissue injury. For the liver
tumors, the hemol+tic effects of BE and subsequent accumulation of degradation
byproducts may have increased the levels of reactive oxygen species. Mice are peculiarly
sensitive to oxidative stress, relative to rats and humans. Furthermore, humans are
relatively insensitive to BE-induced hemolysis which raises questions regarding the
ability to extrapolate the liver effects observed in mice to human health risk. For the
forestomach tumors, chronic, contact irritation from grooming of BE deposited on the fur
or mucociliary clearance of BE dissolved in the mucous layers of the respiratory tract
may have beer: a factor. The potential role for direct contact with neat BE in forestomach
toxicity was also evaluated since exposure to BE via drinking water did not cause these
effects (NTP, 1993). Alternatively, systemic delivery of BE or, more likely, its major
metabolite, butoxyacetic acid, at a high dose-rate may have caused chronic irritation in
the mouse forestomach and subsequently increased the probability of spontaneously-
initiated cells progressing to tumors. Therefore, the specific aims of this study were to:

* Evaluate the potential role of oral ingestion (via grooming) of neat 2-butoxyethanol in
the production of forestomach lesions of mice exposed to BE vapor (Aim 1)

* Evaluate the potential for increased oxidative stress associated with hemolysis in the
production/progression of liver lesions in mice (Aim 2)

¢ Evaluate the potential role for systemic delivery of BE in producing forestomach
lesions following routes of administration undergoing either first-pass metabolism
(intraperitoneal injection) or systemic distribution prior to metabolism (subcutaneous
injection) (Aim 3). :

To accomplish these objectives, the amou:t of BE deposited on the fur of mice following
either a single 6-hr, whole-body or nose-only exposure was determined. To evaluate the
impact of fur deposition on the internal dose of BE, samples of blood and urine were
analyzed for BE and s metabolite, butoxyacetic acid (BAA). In addition to the
dosimetry studies, the direct =ffect of BE on the forestomach of mice was evaluated by
administering neat BE daily by oral gavage for up to five days. The forestomach of each
mouse was evaluated histologically for evidence of irritation and increased cell
replication. These same orally-dosed animals were al=o used to evaluate whether the
accumulation of iron :n Kupffer cells, as a secondary cvent of hemolysis, is associated
with an increased oxidative stress in the liver. This latter objective was conducted in
collaboration with Dr. Jim Klaunig, Indiana University Medical Cern.cc Finally, the
indirect effect of BE on the forestomach of mice was evaluated histologically following
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administrauon of saline solutions of BE by either intraperitoncal or subcutaneous
injection for 3 or 5 days.

METHODS

Test Materials. The test chemical, 99+% spectrophotometric gradz 2-butoxyethano! (BE,

- lot number 00437AS for Specific A'm | and lot number 67347 for Specific Aims 2

and 3), was purchased from Aldrich Chemical Co. {Milwaukee, WI). Centificates of
analysis received from Aldrich Chemical Co. indicated that the test chemical was 99.59%
and 99.87% pure by gas chromatography for lot numbers 30437AS and 07847HN,
respectively. The test chemical was stored at controlled room termperature.

Test Animals. A total of 50 young adult female B&C3F1 mice (including extras for
control blood and urine collection and matrix standards for analyse:) were supplied by
Taconic Laboratory Animals and Services (Germantown, NY). for use Specific Aim 1.
Taconic Laboratory was the supplier of mice for the NTP inhziation studies. Animals
were ordered to arrive ot approximately 10-11 weeks of age so that the females were of
sufficient size to fit in the nose-only exposure system.  Aminals were fed Purina 5002
certified pelleted diet and fresh tap water was provided ad libitum. Mice were housed
individually in hanging wire stainless steel cages. Mice were observed for moribundity
and mortality twice daily. Body weights were Jetermined three days after arrival (for
randomization and group assignment purpcses) and prior to each exposure. The mice
were assigned to their respective exposure group (20 each) prior to the initianon of the
first exposure. Each anima! designated for nose-only exposure was acclimated o the
nose-only restraint device for four days prior 1o exposure. For Specific Aims 2 and 3, a
total of 90 male and 90 female B6C3F1 mice (including extras) and 36 female B6C3F 1
mice, respectively, were also supplied by Taconic. All animals were acclimated to the
laboratery environment for at least one week prior io placing on study.

Specific Aim 1: Deposition of BE on tae fur of mice.

Studv Destgn. Female B6C3F! were exposed by either whole-body (20 mice} or nose-
only (20 mice) inhalation, for a single 6-hr exposure period to a target concentration of
250 ppm BE. This concensration was the highest conceniration used in the NTP
inhalation bioassay (NTP, 1998).

Immediately fcllowing each exposure {whole-body and nose-only), five mice were
quickly sacrificed and their bodies washed two times each with hot tap water. Each water
wash was analyzed for BE. Another 10 mice were transferred to metabolism cages for aa
18-hr post-exposure urine collection. The urine and cage washes were analyred for BE
and its major metabolite, buoxyacetic acid (BAA). The remaining 5 mice were kiiled
immediately post-exposure and their biood collected into heparinized tubes for analysis
of BE and BAA.
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Inhalation Exposures.
Vapor Generation System.

The test article was pumped by a precision metering pump (Model 302; Gilson Inc,
Middleton, W1) into a 25 mm x 300 mm threaded-glass 2ir sampling manifold (Ace Giass
Inc., Vineland NJ) (Figure 1). BE was vaporized on the heated (~105°C) glass surface of
the generator while a metered air stream flowed through the generator (~20 L/min) and
then into the exposure chamber (whole body or nose-only). The buildup of vapor
concentration in the exposure chambers at the beginning of exposure to 90% of its stable
final concentration (Teg) was estimated to be 10 min for thc whole body chamber (~85 L
mixing volume) and 3 min for the nose-only system. Exposure duration was 6 hours + Tog
from the time the exposure was initiated.

Whole Body Exposure Chamber.

The whole body exposure chamber was an 85 L polycarbonate box. Mouse cages were
suspended in the center of the box above ~ stainless steel catch pan. BE vapor was
introduced into the chamber from 4 ports along the top of the chamber and was exhausted
from 4 ports below the catch pan. Eight sample ports were dis:ributed across one face of
the chamber; 4 of the ports were adjacent to the cage units and 4 ports were located above
the cages. The generator airflow (~20 L/min) resulted in ~14 air changes per hour. The
distribution of BE vapor in the chamber was determined prior to the start of the study by
comparing the concentration from 3 different chamber positions. :

Nose-Only Exposure Unit.

The nose-only exposure unit was a flcw-past type consi.ing of two concentric stainless-
steel manifolds; one supplied fresh vapor to the breathing zone of each animal and one
removed the expired and excess vapor. Airflow through the unit was ~20 L/min from the
generator (inlet) with an exhaust flow of ~18 L/min to prevent the amimals from re.
breathing their expired air. The exposure unit consisted of 3 tiers of 8 exposure ports. For
concentration determination, three of the ports (one from each tier) were used to collect
samples of the breathing atmosphere; samples were also collected from the inlet manifold
using an additional port from the lowest tier. Uniformity of the test article concentration in
the exposure unit was determined prior to the study.

Chamber monitoring.

The exposure concentrations of BE were determined by gas chromatographic analysis of
atmosphere “grab samples” taken directly from the exposure chamber during animal
exposure. Grab samples were collected on charcoal sampling tbes (ORBO-101).
Known volumes of the chamber atmosphere were collected using a calibrated critical-
orifice-contiolled sampler at a constant flow rate of ~0.2 L/minute for 3 minutes each.
Ar extraction solution was added 1o the pnimary charcoal bed after sample collection to
desorb the test chemical from the charcoal. The extraction solution (toluene) contained
an intern:l standu:d (1-phenylhexane) to correct for variations in injection volume and
drift of instrument sensitivity. The samrie extracts were analyzed using a HP-5890 gas
chromatograph (GC) equipped \ith a flame ionization detector operated at 300°C and a
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30-m x 0.53-mm ID. Rx-3, 1.5-um film thickness capillary column (Restek Corp,,
Bellefonte, PA). The carrier gas was helium at a head pressure of ~6 psi. The column
was maintained at 60°C for 1.0 minute and then heated at 16°C/minute to a final
temperature of 200°C. Under these conditions, BE had a retention time of ~4.4 minutes
(Figure 2). Data were obtained using HP ChemStation software, version A.04.02.

Gravimetrically prepared siandards made from high punity Aldrich Chemical Co. BE (lot
number 07847HN) and the internal standard in toluene were used to calibrate the GC for
quantitation of BE in the grab samgples. Two independently weighed stock solutions were
used each time th: standard series was prepared. One stock solution was used to prepare
the calibration standards. The quality control check standards were prepared with the
second stack solution ar. were analyzed in the presence of the sampling medium using
the same =xtraction pracedure as the chamber grab samples. The quality control check
standards were used to check the preparation of the standards, sample extraction from ~he
sampling media, and any drift of instrument calibration throughout the analysis. The
analyzed concentrations of the quality control check standards wer~ requ.red to be within
+10% of their prepared concentrations for a valid analysis.

Nominal exposure concentrations were calculated using the mass of test article pumped,
the total time during which the metering pump was running and the dilution airflow into
the chamber. This value was compared to the average exposure concentrations cbtained
by grab samples.

Collection of fur washes, blood and urine. At the end of each exposure {nose-only and
whole-body), five mice were sacrificed using CO> and transferred to individual beakers
and submerged in 50 mi of hot water. Afte- rinsing in 50 m! of water, the mice were
transferred to a second beaker containing an addiional 50 ml of hot water. Each fur rinse
was stored frozen (-70°C) until analyzed. This fur washing nracedure was similar to that
used by Tyl et al. (1995) to determine the deposition of ethylene glycol on the fur of rats
and mice.

At the end of each exposure (nose-only and whole-body), five mice were immediately
anesthetized using 70% CO, and samples of blood were collected via the retro-orbital
sinus. The time of each bicod sample was accurately recorded. Following collection,
each blood sample was maintained on ice until placed in freezer (-70°C).

At the end of each exposure (nose-only and whole-body), 10 mice were placed in
indtvidual metabolism cages (Lab Products, Seaford, Delaware) for an 18-hour urine
collection. The urtne samples were collected over dry ice. Mice were provided with
access to water but not food. Foliowing urine sample collection, each metabolism cage
was rinsed with ~25mL of distilled water. Sach urine sample and cage rinse was stored

frozen (-70°C) until analyzed.

Analyses of fur. Samples of each fur wash were analyzed directly using a Hewlett
Packard (HP} 6890 GC equiped with a flame ionization detector (FID) (Hewlett Packard;
Palo Alto, CA). Chromatograpy was achieved using a DB-Wax capillary column (15

T by
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meter x 0.53 mmid x 1.0 um film thickness, ] &W Scientific, Folsom, CA.) in the
splitless injection mode. Helium was used as the carrier gas at a constant column head
pressure of 4.0 psi. One pl of neat (water) sample was injected onto a large bore 4 mmid
injection liner to facilitate the water vapor expansion generated at the constant injection
temperature of 205°C. The oven temperature was initially maintained at 80°C for 2.0 min
then ramping at 30°C/min to 240°C. FID temperature was 270°C. Under these conditions,
BE had a retention time of ~3.2 minutes. ’

Analysis of blood and urine. A GC method developed previously to analyze for related
glycol ethers and their alkoxyacetic acid metabolites was modified to simultaneously

analyze for BE and the metabolite, BAA in blood (Corley et al., 1998). Urine samples
and cage washes were also analyzed by this methed for BE and BAA. The method
involved the acidification of a weighed quantity (~0.25 g) of biood, urine or cage wash,
with an equal volume of 0.9 M H,SO,, addition of 0.25 g Na,SOy (to improve extraction
efficiencies) and extracted with 0.25 ml etiyl acetate containing known concentrations of
intenal standards (ethoxyethanoi (EE] and ethoxyacetic acid [EAA]) to correct for
possible extraction/instrument variations during analysis. Separation and quantitation
was achieved using a 30 m x 0.32 mmid x 0.5 um film thickness Stabilwax-DA capillary
column (Rec:2z, Bellefonte, PA) and a Hewlett Packard 6890 GC with flame ionization
deiection. Splitless injections of ~1.5 pL of extract were made at an injector temperature
of 200¢C. The initial oven temperature was 70°C for 2.5 min then increased at 20°C/min
to 240°C and held for one min. Hydrogen was used as the carrier gas at 18 psi constant
pressure. The FID temperature was 270°C. For the preceding conditions EE, BE, EAA
and BAA had retention times of ~3, ~4, ~7 and ~8 minutes, respectively (only
approximate retention times are provi.ied due to slight variations in retention times
observed for each matrix).

Probe Study Male and female B6C3F] mice, 5/sex/dose, were administered neat BE by
oral gavage at 100, 400 or 800 mg/kg/day for S consecutive days. After two days ot
dosing at 800 mg/kg, no clinical signs of toxicity were observed. Therefore, animals
assigned to the 100 mg/kg/day group were administered 1200 mg/kg/day for the
remaining 3 days of the probe study. Feed and water were removed at ~7:00 am. and the
dosing was initiated at approximately ~11:00 a.m. to mimic the fasting state associated
with inhalation studies. Feed and water were returned to the animals by 2:00 p.m. Each
animal was weighed on the moming of the first dose and the volume of BE delivered
adjusted to deliver the appropriate mg/kg dose level for each animal. The animals were
observed for overt signs of toxicity; animals not expected to survive the next dose were
humanely sacrificed The purpose of this probe study was to determine if the animals
would survive the treatment regimen and select dose levels for the definitive study
described below. Each surviving animal was weighed and sacrificed by cervical
dislocation four hours after the final dose. Stomach (empty), liver and spleen weights
were recorded and blood was drawu by cardiac puncture for determination of the
hematocrit. Slices of esophagus, forestomach and glandular stomach, as well as liver
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were fixed in neutral buffered formalin. Selected samples were cvaluated as described
pelow for the Fuil Study.

Full Study Design Based on the resulis from the probe study, male and female B6Z3F1
mice, 16/sex/dose, were initially treated by oral gavage with saline. 400, 80¢ or 1200
mg/kg of neat 2-buioxyethanol. Each animal was weighed at the veginning of the week
to adjust the dosing volume to the appropriate mg/kg body weight. Prior to the first week
of dosing a group of 8/sex/dose was implanted with 5-day osmotic mimpumps celivering
bromodeoxyuridine for determination of cells in S-phase in the liver. The dosing regimen
was to have been 5 days/week according to the foliowing »zhedule:

SESUMTWThFSSEIMTWTh F

Group I (1 wk) 4 B 0. 406. 800, 1200 mg/kg (n = 8)

Pump S "f
Implant Sacrifice
Group T (2 wk) I ——->+ 0. 400, 800, 1200 mg/kg (n = 8!
Pump Sacrifice
Tmplant

During the first two days of dosing, excessive mortality was observed cioss t ..ument

groups that was not anticipated based on the results from the probe study. Tie —cnality

was observed in all groups, except controls, wita and without implanted osmotic

miniprmps. Therefore, each dose level was reduced in half resulting in the following

dose icvels: saline control, 260, 400 or 600 mg/kg/day. During the next two days of
administening the lower dose levels (total of four days of dosing) the mortality continued

and the study was terminated on the fifth day.  Each surviving animal was weighed and

sacrificed by cervical dislocation the day after the final dose. Stomach (empty), liver and '
spleen weights were recorded and blood was drawn by cardiac puncture for determination

of the hematocrit. Slices cf esophagus, forestomach and glandular stomach, as well as

itver were fixed in neutral buffered formalin for histopatholegy. The remaining liver

nussues (~0.5 g} was snap frozen in liquid nitrogen for analysis of markers for oxidative

stress by Jim Klaunig, Indiana University School of Mcdicine. After discussions with the

sponsor, the tissues taken 5ym the terminal sacrifice were analyzed =s described below

although the group sizes were significantly affected by the mortality. This acticn was

considered necessary to complete the study prior to the meeting of the NTP Board of
Scientific Councilors to review the NTP report and preciuded repeating the study in the

avaiiable time.

Forestomach Analysis. Parafin-embedded tissues v : s “ally sectioned and stained
with hematoxylin and eosin (H&E) or ar..ibodies agair.>t proliferaiing cell nuclear antigen
(PCNA). Histological analysis (H&E) were conducted 0 dete~mine evidence of necrosis
and/or imtation of the gastric mucosa. The primary determination of cells in S-phase
was accomplished by analyses of PCNA incorporation according to Eldridge and
Goldsworthy (1996). Unit length labeling indices (ULLI) were determined by counting
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the number of cells in S-phase per millimeter of the mucosa within the forestomach. The
number of labeled epithelial cells were scored in at least four 0.25 mm random sections
per anunal.

Liver Analysis. Serial sections from !:ver slices were stained with cither H&E, Perl's
stain (ferrocyanide) or antibodies against bromodeoxyuridine (BrdU). Histological
analysis (H&E) were conducted to determinc if there was evidence of necrosis and
Wwhether the necrosis was diffuse or localized near iron-loaded Kupfer cells. Perl’s stain
was used to determine the extent of iron deposition in Kupfer cells and/or hepatocyres.
Analysis of BrdU incorporation into S-phase nuclei was conducted by
immunohistochemistry, using the procedure described by Stauber and Bull (1997).
Visualization of BrdU-reactive cells was accomplished with the chromagen 3-amino-9-
ethylcarbazole with a hematoxylin counterstain. A minimum of 2000 hepatocellular
nuclei was scored by light microscopy in at least 10 randomly selected fields to determine
the labeling index for cells in S-phase. |

Specific Aim 3: Effect of IP vs &-agm;'nisfered BE on the forestomach.

Probe Study. Female B6C3F1 mice, 3/group were administered saline solutions of BE by
either intraperitoneal (IP) or subcutaneous (SC) injection at 400 or 600 mg/kg/d for 3
days. After two days cf dosing, one 600 mg/kg [P mouse was sacrificed moribund.

Full Study. Groups of 6 female B6C3F1 mice were admunistared 0 or 400 mg/kg/d BE
by either IP or SC injection for 5 days and necropsied on the afiernoon of the S™ day of
dosing. Terminal body weights and liver weights were meas..ced and livers were flash-
frozen and stored at —80°C for potential analysis by Indiana University. The stomach
from each animal was dissected, inflated with formalin and fixed in neutral buffered
formalin for histopathology. -

Forestomach Analysis. Paraffin-embedded tissues were serially sectioned and stained
with hematoxylin and eosin (H&E). Histological analysis (H&E) were conducted to
determine evidence of necrosis and/or irritation of the £astnc mucosa.

RESULTS AND DISCUSSION

Specific Aim 1: Deposition of BE on the fur of mice.
Whole-body chamber operation The distribution of BE vapor concentrations in the

exposure chamber was determined prior to the study. The concentrations were measured at
3 chamber p.sitions during the first hour of a test generation and again during the last hour
of the test generation. The concentrations were 238.1 + 1.5 ppm (0.6% relative standard
deviation) for the 6 samples. The analytical concentration averaged 95% of the nominai
concentration (250.6 ppm).
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During the animal exposure, the concentration of BE was measured at 3 chamber postiions
during the first hour of the exposure study and again during the last hour of the study. The
analytcal charmnber concentration was 2292 + 1.0 ppm (92% of the target concentration
with U.4% reiative standard deviation) for the 6 samples. The average analytical
conceniration was 92.4% of the nominal concentration (247.9 ppm).

Nose-only chamber operation. The distnbution of BE Vapor conceptrations in the
exposure chamber was determined prior to the study. The concentrations were measured

at a port on each tier and an additicnal port on the lower tier (sampling from the iniet
manifold) during the first hour of a test generation and again during the last hour of the
lest generation. The concentration was 241.8 + 4.7 ppm (1.9% relative standard
deviation) for the 8 samples. A nominal concentraiion was not determined due 10 a
stoppage of the meiering pump jor an undetermined time in the penod between the time
the two sets of grab sampies were taken. The measured mean concentration was 96.7%
of the target concentration of 250 ppm.

During the animal exposure, the concentration of BE vapor was measurad at a port on
each der and an additional port on the lower tier (sampling from the inlet manifold)
during the first hour of a test generation and again during the last hour of the study. The
average concentration was 245.7 + 1.8 ppm (0.7% relative standard deviation) for the 8
samples.  The analytical concentration averaged 99.4% of the nominal concentration
(247.0 ppm).

Clinicai observau.ons. There were no eariy deaths from either exposure. There were no
visible signs of overt toxicity during either the nose-only or whole-body exposure.
However, a large number (7/10) of the urine samples collected from the mice following
the nose-only exposure contained a red colored material possibly blood. In addition /10
of the cage rinse samples were significantly tinted red.

Deposition of BE on the fur. An average of 205 pig of BE was detected on the fur of five
femaie mice exposed whole-bouy to 229 ppm BE vapor (Table 1). Slightiy less BE, 170
ng/mouse, was detected on the fur of female mice exposed nose-only tc 242 ppm BE.
Residual BE on the fur of the nosc-only expcsed mice was attributed to the use of a
positive-pressure, flow-past exposure system. Most of the residual BE was detected in
the first 50 ml wash (see Appendix A-1 for individual animal and fur wash data) thus the
method used to wash the fur was considered to be effective. An example chromatcgram
from the fur wash is shown in Figure 3. However, cvaporative losses of BE from the fur
probably occurred during the time for the chamber to be shut down and evacuated and the
anmals sacrificed via CO- pivor to immersion in 50 mi of hot water.

When corrected for the actual BE exposure concentration. whole body exposures
averaged 28% more BE on the fur than the corresponding nose-only exposures. While
there was clear evidence that residual BE adsorbs to the fur of mice, the total dose
measured post-exposure that could be available to grooming aad ultimately come into
contact with the forestomach was less than 10 mg/ke.
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BE and BAA in blood and urine. The concentration of BE in the blood of five female
mice at the end of each exposure averaged 3.0 and 3.9 mg/1 for the whole-body and nose-
only exposures, respectively (Table 2; Appendix A-2). Tue concentrations of the major
metabolite, BAA, in blood were 235 and 390 mg/l for the whole-body and nose-only
exposures respectively (Table 2; Appendix A-2). These concenirations of BE and BAA
were similar to the levels reported in the NTP chronic toxicokinetic study (Dill et al.,
1998). An example chromatogram from the blood analyses is shown in Figure 4.

Low levels of unmetabolized BE (<100 ug) were found in the urine of mice collected 0-
18 hr after both whole-body and nose-only exposures (Table 3; Appendix A-3). The BE
in urine was presumed to have come from the fur of the mice since no BE is expected to
have been excreted unmetabolized in urine based upon data obtained from rats (Corley et
al., 1994). The total amounts of free BAA in the urine indicate little difference between
the two methods of exposure and were siruilar to levels reported in the NTP chronic
toxicokinetic study (Dill et al., 1998). An example chromatogram from the urine
analyses is shown in Figure 5.

Specific Aim 2: Effect of orally-administered neat BE on the forestomach and liver.

Probe Study. After two consecutive days of dosing, no overt signs of oxicity were
observed in male or female mice dosed as high as 800 mgkg/d. Therefore, afier
consultation with the sponsor, the mice from the lower dose group (100 mg/kg/d) were
administered 1200 mg/kg/d for the remaining three days of dosing. One mortality
occurred (high dose male) that was due to gavage error.  All mice were necropsied
approximately 4 hr after the final dose. Body weights, orgaa weights (stomach, liver and
spleen) and hematocrits from each of the mice are summarized in Table 4. Individual

* animal data are presented in Appendix B-1. Both ahsolute and relative organ weishts

were increased over controls for both sexes. Hematocrits weie also significantly affected
with the top dose group (1200 mg/kg/d) decreased 15-30% from control leveis. Based on
these data, the dose levels for the full study were selected to be 400, 800 and 1200

mg/kg/d.

Full Study. After two consecutive days of dosing, monality was observed in al! treatment
groups except controls. Therefore, dose levels for each group were reduced in half
resulting in dose levels of 200, 400 and 60C mg/kg/d. Over the next two days of dosing,
tae mortality continued to be excessive and the study was terminated on the fifth day with
no further dosing. Terminal body weights were significantiy decreased from pre-study
and a dose-response mortality was observed (Table 5). Hematocrits were also decreased
by as much as 23-29% from controls {Table $). Relative liver weights and both absolute
and relative stomach and spleen weights were increased over controls (Table 6).
Individual animal bodv weights. organ weights and hematocrits are summarized in
Appendix B-2.
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Foresiomack Histology.

Evaluation of H&E-stained slides from mice exposed to neat BE by gavage for four days
resulted in lesious related to BE exposure in the forestomachs of male and female mice
(see Appendix B-3). These lesions included epithelial hyperplasia and inflammation of
the forestomach. In the iow dose group, minimai to mild forestomach epitheiial
hyperplasia was observed in both male and female mice. The change was characterized
by focal areas of increased layers of epithelial cells. In mice from the mid exposure
group, mimmal i0 moderate forestomach epithelial hyperplasia was observed in both
sexes. The epithelial hypemplasia, although appeanng somewhat focal. was more
expansive than observed in low dose mice and the epithelisi thi_kering due 10 increased
epithelial cell layers was more prominent. There were down-gri,wths of prc..jerating
epithelial cells into the lamina propna. In ihis exposire group several mice had
significant infiltrates of neutrophils and mononuclear inflammatory cells in the
submuccsa and muscularis. Both sexes of mice fom th: high exposuce group had
mirimal to marked forestomacl. epitheiial hyperplesia. inflammarion of :he submucosa
and musculans was, again. comronly associated with ¢ hvpemiasia and in cee high
dose male 23pp- -+ :i to have extended to the PeTLoSn SUMface. A ory 4oV U with
miniur-' ‘orestomach enithelial byperr! s al its horder wae oner ved iy Ui -melc
control and minima! fozal necrosis and rorestomach ‘vithelial hvparpiasia ai e iy -
n-dge (un:tion of forestomach and glandular stomach) in anevics =~ 0 ol 1. .
were cornsiderad spontaneous changes that are not UNCOMMOD (7% mileD.

Initial effonts  at calculating a wunit length iabeling index using PCNA
immunotistochemistry in random scctions of forestomach as originally planned was
found to be an inappropriate technique due 10 the focal nature of the lesions. Therefore,
analysis of labeling indices by PCNA was limited to a quaiitative assessment of the
relative amount of S-phase cells in histologically-normal forestomach epithelium versus
the epithelium surrounding histological lesions. There was evidence of an increase in
PCNA staimng intensity in regions surrounding focal areas of hyperplasia and
inflarrmation, as compared to either the forestomach epithelum of control mice or to
histologically-noinaal regions within the forestomach of BE-exposed mice. The intensity
of PCNA suining within each forestomach section was more closely associated with the
apparent szventy of the lesion rather than BE dose aithough the incidence and degree of
lesions was associated with BE dose. Lesions with focal regions of inflammation and
thickening of the epithelium showed greater overall PCNA staining as well as clearer
evider: * of S-phase cells.

Liver Histology.

Based on H&E-stained sections, liver morphology appeared normmnal in both male and
female mice and at all BF dose groups. In addition, no treatment-related accumulation of
hemosider 1a Kupffer cells was observed in any exposure group. Highly glycogenated-
appearing liver ceils were observed with low occurrence, lack of a dose response, and
vanable 21 up distibution and wege, therefore, not considered exposure-related.
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There was a clear treatment-related increase in hep..ic iron accumulation based on
analysis of sections stained with Perl’s stain. Enumeration of positive staining cells in
random liver sections demonstrated that the iron accumulation in both male and female
mice exposed to BE was dose-related. Although some minima] iron accumulation was
occasionally observed in parenchymal cells, the predominant cells affected were
Kupffer’s cells. There was a trend for greater iron accumulation in male mice as
compared to females (Figure 6). Although this sex-depende:.: trend was observed in both
the probe and full study, it was not statistically significant based on the scoring metaods
used.

Analysis of proliferation indices by PCNA staining revealed no significant differences in
the fraction of S-phase cells between control animals and BE-treated animals in either
male or female mice (Table 7). The mean fraction of cells in S-phase in liver ranged
between 0.14 and 0.16 % for males and between 0.16 and 0.19% for females. No
treatment-related differences were observed in BE-exposed animals of either sex. Sex-
dependent differences in PCNA labeling indices have been previously reported (Ellridge
and Goldsworthy, 1996).

The dose level of 600 mg/kg IP resulted in the moribund sacrifice of one mouse after two
doses in the probe study. Therefore, a dose of 400 mg/kg/d for five days was used in the
S-day study. All animals survived the 5-day dosing regimen with no clinical observations
of treatment-related effects. Terminal body weights were similar to pre-study body
weights in all dose groups, including controls (Appendix C-1). Liver weights were
slightly eievated in both the [P and SC treatment groups (Appendix C-1).

Forestomach Histology

In the probe study, IP injection of 600 mg/kg for three days was associated with
forestomach epitheliai hyperplasia and inflammation (Appendix C-2). There were
forestomach lesions in one mouse per group in the 400 mg/kg IP and the 400 and 600
mg/kg SC injection groups. Although suggestive of a treatn.ent-related response, stmilar
lesions occur spontaneously in mice.

In the S-day study, 1/6 mice in the 400 mg/kg IP group had forestomach epithelial
hyperplasia and 2/6 mice in the 400 mg/kg SC group had forestomach epithelial
hyperplasia and inflammation (Appendix C-3). The lesion present in the [P-dosed mouse
was similar to spontaneous lesions but those in the two SC-dosed mice appeared
subjectively different from spontaneous lesions. Regardless, all three mice (1P and SC) -
had minimal lesions that could be identified when evaluated blindly; association with BE
treatment was considered possible.
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CONCLUSIONS

Small amounts of BE {134 - 318 ug) were removed from the fur - § fema = rice €aposed
either whole-body or nose-only for 6 hr to target concer- ations of 250 n-m EE vavor.
The total dose that was available for oral consumption via groomang wos 9.2 + 2.9 mp/kg
for the whole-body exposure and 7.5 + 2.3 mg/kg for the nose-or  oxposwre. Few
differences were detected in the internal dose of BE resultin,, from whole-body vs. nose-
only exposure as determined by analysis of BE and its major metabolite BAA in biood
collected immediately post-exposure and in urine collected for up 16 1§ br post-exzosure
Although this was not a mass-balance study for the total fate of BE. the amcunts f F§
deposit=d on the fur of mice represented 9-13% of the total BAA eliminated in *he irns.
This calculation is, however, speculative since the amount of BAA found in the urine
collected 18 hr post-exposure is likely an underestimate of the total absorbed dose. In
addition, the amounts of BE deposited on the fur and consumed via grooming during the
exposure as well as orally consumed via mucociliary clearance of BE deposited in e
mucous layer lining the respiratory tract was not accounted for in this study.
Nevertheless, there is evidence that at least a small amount of nea: BE was available for
oral consumption via grooming and that the potential role for chronic, daily oral doses in
mouse forestomach toxicity cannot be ruled out.

Oral dosing of neat BE to male and femaie mice 4 hr after feed was withheld resulted 1n
clear dose-response irritation to the forestomach. No overt toxicity was observed by
H&E stain in the liver. The dose levels used in this study were clearly excessive with
severe hemolysis and mortality observed at all dose levels in the full study that were not
predicted from the probe study. Dose levels used in this study were initially 0, 400. 800
and 1200 mg/kg/d for two days. After two days, each dose group reduced in half tc 0,
200, 400 and 600 mg/kg/d for two additional days of dosing before the study was
terminated on the fifth day. Overall mortality was 0, 6, 8 and 11 of sixteen male mice
and 0, 6, 12 and 10 of sixteen female mice at the control, low, middle and high dose
levels, respectively. Forestomach lesions consisted of focal areas of irmiation and
epithelial hyperplasia. The proliferative response was confirmed by PCNA
immunohistochemistry of epithelial cells surrcunding the lesions vs. normal cells in t* 2
forestomach. Similar forestomach lesions were observed following IP injection of 600
mg/kg for 3 days in 3/3 female mice. Minimal forestomach lesions were observed in 1/6
and 2/6 female mice following IP and SC injections of 400 mg/kg/d for § days,
respectively. These data suggest that systemic administration of BE can result in
forestomach lesions and the direct contact with BE may not be a requirement. [t is
further possible that the metabolite, BAA, may play a role in producing the forestomach
lesions since the IP injection route results in first-pass liver metabolism while SC
injection does not. Interestingly, these lesions had not been observed in previous
drinking water studies conducted by NTP (NTP, 1993 suggestng that the lesions may be
dose-rate dependent.
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I e hivers of mice oraliy-dosed with neat BE, there was no evidence of degeneration
and no corvciponding compensziory cellular regeneration. In addition, there was no
reuizrkabic ac.umulation of hemosiderin in Kuppfer cells although there was a clear
dose-respense ircrease in iron content in Kuppfer cells and to a much lesser degree in
hepaiocytes. Tae sigrificant increase in iron may play a potentially significant role in
ot ’alive suwess i thes~ cells. The potential for oxidative stress in the livers of these
mice were evaluated and reported separately by the Indiana University Medical Center
(Xa.zendvlis et al., 1999},

In tonclusion, these data counled with the evaluations of Kemendaulis et al. (1999) are
consistent with the hypothesis that the tumors observed in the forestomachs and livers of
B6C3F1 mic: following chronic inhalation exposure are the result of indirect
mechanisms associat.d with chre: ¢ tissue injury. The lesions in the forestomach appear
to be dose-rate dependen: and may not require direct contact with the test material. The
lesions in the liver appear to be secondary to hemolysis and may result from increased
oxidative stress associated with iron deposition.
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Figure 2. Examplie chromatogram of sample extract from nose-only exposure atmouphere
Peaks at ~4.4 minutes and ~7.7 minutes are BE and I-pheaylhexans internal standard,
respe:tively.
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Figure 3. Example chromatograms from (a) control wash water and (b) fur wash from a
mouse exposed whole body to 229 ppm BE for 6 hr.

(a) Control wash water
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Figure 4. Example chromato 1s from (a) control mouse blood and {b) blood from a
mouse exposed whole-body to 229 ppm KE for 6 hr.
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Figure 5. Example chromatograms from (a) control mouse urine and (b) urine from a
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Figure 6. The relative intensity of Perl staining as a function of BE dose in male and
female mice determined from the full study. Each value is the mean (+ s.d.) number of
positive cells per field (0.25 x 0.25 mm) from at least 4 mice, determined by counting 5
random fields per section.
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Table 1. Residual BE (mean ¢ s.d.) removed from the fur of five [emale mice exposed
either whole-body or nose-only for 6 hrto a target concentration of 250 ppm BE.

Exposure  Exposure Conc. Body Wt Towml BE  Total BE Total BE

Group (ppm) ® (ug) _ (mgrkg BW) (mg/kg/ppm)
Nose-Only 241.8 227x04 17052  75+23  0.03] £0.009

Whole-Body 229.2 22013 20569 9229 0040z 0.013

Table 2. Concentration of BE and BAA in the blood of five female mice at the nd of a 6-
hr whole-body or nose-only exposure to a target concentration of 250 ppm BE.

Exposure ~  Exposure Conc. Body Wt. BE BAA
Group (ppm) (8) (mg/L) (mg/L)
Nose-Only 241.8 21911  394%£170 3895338
Whole-Body 2292 21612 3.02£125 2354+523

Table 3. Amounts of free BE and BAA excreted in the urine of ten female mice 18 hr after
the end of a 6-hr whole-body or nose-only exposure to a target concentration of 250 ppm
BE.

Exposure Exposure Conc. Total BE Total BAA
Group (ppm) (nug) (ug)
Nose-Only 2418 67.6%233 2021 + 537

Whole-Body 229.2 68.7 £ 39.6 1783 + 645
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Table 4. Body weighs, organ weights (absolute and relative) and hematocrits from five

mice/sex/dose gavaged with neat BE for five consecutive days (Probe Study). Data are
expressed as the mean with the standard deviation on the next line. :
{a} Males
Dose BW Stomach Liver Spieen HCT
(mghkg) (g (®) (%BW) (8 __ (%BW) (g  {%BW) (%)
0 2636 0182 0685 1.099 4158 0066 0248 473
1.74 0.045 £.140 0.142 0283 o0.018 0053 2.1
400 26.76 0.258 0.963 178 4389 0.15 0.582 48.0
1.91 0.058 0.196 0.149 0305 0051 0.181 4.1
800 28.20 0.262 0.931 1220 4320  0.170 0606 N/A
1.52 0.028 0.105 0125 0283 0014 0.083 N/A
1200 23.18 0.228 0.978 0925 3988 0075 0.325 408
1.62 0.036 0102 0084 0140 (Q.006 0.037 22

- * Mice were dosed with 100 mg/kg/d BE for two days followed by 3 days at 1200 mg’kg/d

(see text).
{b) Females
Dose 3w Stomach Liver Spleen HCT
(mgrkg)  (g) () (%BW) (8)  (%BW) (g (*eBW) (%)
0 204 0.174 0.858 0810 3979 0074 0.363 50.3
1.0 0.015 0.10s 0.038 0.057 0.011 0.045 2.6
400 20.7 0.276 1.327 0.782 3.782 0.092 0.451 460
1.6 0.052 0.163 0.061 0.353 0.019 0.129 54
300 19.8 0.248 1.250 0.813 4.124 0.158 0.797  N/A
0.8 0.034 0.163 0.054 0.243 0.057 0.296 N/A
1200 190 0.302 1.619 0766 4061 0092 0491 1358
1.7 0.111 0.687 0.009 0.292 0.022 0.134 8.3

* Mice were dosed with 100 mg/kg/d BE for twe days followed by 3 days at 1200 mg/kg/d

(see text).
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Table 5. Body weights, mortality and hematocrits from 16 mice/sex/dose administered
neat BE by gavage for four consecutive days (Full Study). Yerminal body weights and
hematocrits determined only in animals surviving until terminat sacrifice.

(a) Males

Pre-Study Terminal
Dose Body Wt. Body Wt HCT
(mg/kg/d) (® (g Mortality (%)

0 268=1.1 27211.0 /16 $21+£33
400°200" 263+1.2 269+0.7 6/16 S10x26
800/400* 27.1 2 1.1 255228 8/16 466132
1200/600* 269+1.7 232+29 11/16 400+2.6

* After two days of dosing the mortality was excessive: therefore, surviving mice from each dose group were
administered half of their corresponding original target dose for two additional days prior 1o study -

termination.
{b) Femalgs
Pre-Study Terminai
Dose Body Wt Body W1. _ HCT

(mg/kg/d) (8) (& Montality (%) .

0 205+1.8 20807 0/16 50925

~ 400/200* 19525  175%43 6/16 47°

800/400 204220 197+22 12/16 375213
1200/600°  208%16 19412 10/:6 36.3:1.5

* After two days of dosing the mcrtality was excessive; therefore, surviving muce from each dose group were
administered half of their comresponding onginal target dose for twe additional days prior o study
termination.

® Unable to obwain blood samples via orbital s:1nus puncture from all but one mouse.
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Table 6. Terminal body weights and organ wéights (absolute and relative) from up 10 16
(Full Study). Terminal

mice/sex/dose gavaged with neat BE for four consecutive days
body weights and organ weights determined onl
sacrifice (see Table 5 for mortality data).

deviation on the next line.

y in animals surviving until terminal
Data are expressed as the mean with the standard

{a) Males
Dose BW Stomach Liver Spieen Kidney

(mg/kg)  (g) (g} (%BW) (g0 (%BW) (g) (%BW) (g) (%BW)
0 272 01723 0.6353 12285 45197 0072 0267 0.1926 0.7091
I.0 0.0127 0.0548 0.1466 04528 0012 0050 0.0155 0.0432

400/200° 269 0.1785 063566 14485 5.3887 0.0985 0.3680 0.1895 0.7067
0.7 00213 00955 0.1893 0.6224 0.0231. 0.0917 0.0105 0.0542

800/400° 255 02075 08166 1.2956 50576 0.1158 04500 0.1895 0.7440
2.5 0.0261 0.70i4 0.2201 0.5120 0.0385 0.1262 00221 0.0657
1200/600" 232 02036 08713 12168 51115 01154 04917 0.1712 0.7407
2.9 0.0507 0.1568 0.2335 04185 0.0514 0.1770 0.0189 0.0462

(b) Females
. Dose BW Stomach Liver Spleen Kidney

(mg/kg) (g (8) %BW) (g)  (%BW) (g) (%BW) (g)  (%BW)
0 208 0.1568 0.7562 09485 45588 0075 03623 0.1254 0.6036
0.7 0.0324 0.1707 0.0389 02056 0.009 0.0415 0.0127 0.067!

400/200* 17.5  0.1443 0.8255 0.6350 39379 0.0665 03496 0.1165 0.6712
43 0.0358 00734 0.2299 08666 0.0449 0.1655 0.0251 0.0820
300/400* 19.7 0.1803 09176 1.0933 53288 0.1680 0.8723 0.1388 0.7016 ,
220 0.0175 0.0599 0.1869 04706 G.0493 0.3184 0.0243 0.0560
1200/600° 194 0.1970 1.0184 1.0093 52250 0.1860 0.9549 0.1310 0.6795
2.1 00213 00865 0.1655 02000 0.0400 0.1508 0.0062 0.0563

* After two days of dosing the rortalily was excessive: therefore, surviving muce from each dose group were

administered half of they corresponding ongunal targe

EIMUHALOR.

t dose for two additional days prior to swdy
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Table 7. Percentage of S-phase cells in liver of mice treated with BE. Values (mean '+
5.d.) were determined by analysis of PCNA staining by scoring a minimum of 2000
hepatocytes from randomly selected fields, with a minimum of 4 animals scored per

treatment group.
% S-Phase
Dose Group Males Females
Control 0.15+0.06 0.18+0.05
400200 mgkg® - 0.15+£0.06 0.19+£0.08
800/400 mg/kg® 0.16 £ 0.06 0.17£0.06
1200/600 mg/kg" 0.16 £0.09 0.18+x0.09

? After two days of dosing the mortality
administered half of their corresponding
S-phase nuclei were scored based on the

was excessive; therefore, surviving mice from each dose group were
original target dose for two additional days prior to study termination.
method reported by Eldridge and Goldsworthy (1996).
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Individual Animal Data - IP ~s. SC Injection
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Individual Animai Data — IP vs. SC injectioﬁ, Full Study
-\ Pre-Exposure Body Weights and Terminal Body and Liver Weights

Group  Animal Pre-exp. Terminal Liver Wt Rel Liver
# BW(g) BW(g) (8) Wi. (%)
<7 Saline 101 24.6 249 108 434
102 225 216 0.89 412
i03 21.7 20.6 0.79 3.84
104 2.4 21.5 0.92 428
105 23.2 23.4 0.91 3.89
106 22.1 — 0.84 —_
Mean: 223 224 0.905 4.09
SD: 1.0 1.7 0.099 0.23
IP Saline 111 220 21.4 0.90 421
112 234 24.1 1.02 4.23
113 226 21.8 0.88 4.04
114 21.7 214 0.87 407
115 22.0 21.4 0.94 4.40
116 22.4 22.1 0.77 348
Mean: 204 20 0.897 4.07
SD: 0.6 1.1 0.083 0.31
SQ400mgkg 201 22.1 2.4 1.03 4.59
202 222 21.7 0.92 424
203 234 23.5 1.10 4.68
204 225 2.6 1.02 4.51
205 232 23.7 1.20 5.06
208 214 22.6 i.id 5.04
Mean: 205 228 1.068 4.69
SD: 0.7 0.7 0.099 0.32
[P 400 mg/kg 211 23.7 23.9 1.10 4.60
212 24.6 24.1 1.02 4.23
213 "16 25.4 0.88 3.76
214 2.1 21.8 1.00 4.59
2i5 222 21.7 0.96 4.42
216 24.3 24.5 0.97 3.96
Mean: 23] 232 0.988 426
SD: 1.3 12 0.073 0.34

[ — w—




Appendix C-1
Individual Animal Data - IP vs. SC Injection
Appendix C-2
Individual Animal Data - IP vs. SC Injection, Probe Study
Histopathological Obscrvations of the Forestomach

Project 29753
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Group Animal # Observations
IP 400 mg/kg 24 hyperpiasta, epithelium, forestomach +1
16 normal
7 normal
IP 600 mg/kg 2 hyperplasia, epithelium, forestomach +2;
' inflammation +2;
necrosis +1
10 hyperplasia, epithelium, forestomach +2;
inflammation +1;
ulcer +1
23 hyperplasia, epithelium, forestomach +2;
inflammation +1
SC 400 mg/kg 18 hyperplasia, epithelium, forestomach
11 normal :
8 normal
SC 600 mg/kg 31 hyperplasia, epithelium, forestomach
: 20 normal

21 normal




Appendix C-1 , Project 29753
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: Appendix C-3
Individual Animal Data - IP vs. SC Injection, Full Study
Histopathological Observations of the Forestomach
Group Animal # Observations
IP Control 111 Normal
112 Normal
13 Normal
114 Nommal
115 Normal
116 Normal
IP 400 mg/kg 211 Normal
212 Normal
213 Normal .
214 Normal :
215 Hyperplasia, epithelium, forestomach +1 (focal); (also
identified by blinded evaluation)
216 Normal
SC Control 101 Normal
102 Normal
103 Normal
104 Normal
105 Normal
106 Normal
SC 400 mg/kg 201 Nomal
202 Normal
203 Nommal
204 Hyperplasia, epithelium, forestomach +1:
inflammation +1; very minimal diffuse epithelial
thickening with submucosal mononuclear inf ammatory
cells {also idenufied by blinded evaluation)
205 Normal
206 Hyperplasia, epithelium, forestomach +1;

inflammation +1; very minimal diffuse epithelial
thickening with submucosal mononuclear inflammatory

cells (also identified by blinded evaluation)




